
The synthesis and secretion ofproteinby the guinea-pig
endometrium and conceptus in relation to uterine

prostaglandin production

by

Farzaad Abdi-Dezfuli

Thesis presented for the degree of

Doctor of Philosophy

University of Edinburgh



This thesis was composed by myself and has not been

presented in any previous application for a degree.

Farzaad Abdi-Dezfuli



ACKNOWLEDGEMENTS

I would like to thank my supervisor Dr. Norman Poyser for his help and

guidence throughout the duration of this work, including his help in

carrying out ovariectomies.

I would also like to thank Mrs. Jean Hunter and the staff of the Animal

House for the care ofmy animals.

The help of Arne Rokkan, my good Norwegian friend, as well as my

Apple Macintosh guru, is also hereby acknowledged.

Lastly, I would like to thank my wife Linda whose patience and support

never failed me.



THIS THESIS IS DEDICATED TO MY FATHERWHOSE SACRIFICES

MADE IT ALL POSSIBLE



UNIVERSITY OF EDINBURGH
ABSTRACT OF THESIS

'ame ofCandidate ^ PR^ii.
ddress 0rnahaugen 53, 5033 Fyllingsdalen, Norway

,e<ree Doctor of Philosophy Da[e ...^..-September, 1991
'itle of Thesis T.T.® synthesis and secretion of protein by the guinea-pig endometrium and

conceptus in relation to uterine prostaglandin production

'o. of words in the main text of Thesis
Proteins released into medium used to culture, for 24h, endometrium removed from

uinea-pigs on Days 7 and 15 of the oestrous cycle, from ovariectomised guinea-pigs
reated with progesterone and/or oestradiol, and from Day-15 pregnant guinea-pigs were
eparated using affinity chromatography on Blue Sepharose (BS) CL-6B into proteins with
BS+ve) and without (BS-ve) affinity for this gel resin. The turnovers of total protein
eleased from the endometrium were not significantly different between Days 7 and 15 of
he cycle. However, the turnover of BS-ve proteins was significantly greater on Day 15
han on Day 7 of the cycle. This change in emphasis away from BS+ve proteins to BS-ve
roteins from Day 7 to Day 15 of the cycle appears to be regulated by oestradiol.
ignificantly greater amounts of [3H]-leucine were incorporated into secreted proteins
ynthesised by Day-15 endometrium than by Day 7 endometrium, the difference being 2.1-
old. [3H]-Glucosamine was also incorporated into secreted proteins synthesised by Day-
and Day-15 endometrium in culture. However, there was no significant difference

■etween the amounts of glycosylated protein synthesised and secreted by Day-7
ndometrium compared to Day-15 endometrium. The secretion of proteins, synthesised de
tovo, was low in ovariectomised guinea-pigs treated with progesterone, higher in
variectomised guinea-pigs treated with oestradiol, and at a maximum in ovariectomised
'uinea-pigs which had been treated with progesterone and then oestradiol. The secretion
<£ proteins, synthesised de novo, by Day-15 pregnant endometrium was also low.

Two categories of protein were found in medium used to culture endometrium: a)
iroteins synthesised and secreted by the endometrium during culture, and b) proteins
'eleased from cultured tissues but not synthesised by them. Chromatographic and
dectrophoretic analysis of BS-ve proteins released into culture from Day-15
indometrium revealed the presence of a freshly synthesised, glycosylated protein
component with a molecular weight in the range 99.8-114.OkDa, termed CESP-1, which was
instable to SDS-PAGE analysis. CESP-1 is most likly to be acidic, since the majority of
iroteins secreted in culture by the guinea-pig endometrium were retained on a DEAE-
lepharose CL-6B column. The amounts of CESP-1 synthesised by and secreted from the
mdometrium rose more than five-fold from Day-7 to Day-15 of the cycle, whereas the
iroduction of this protein was inhibited on Day 15 of pregnancy. The treatment of
ivariectomised guinea-pigs with oestradiol and/or progesterone indicated that the
synthesis and secretion of CESP-1 was uniquely stimulated by oestradiol acting on a

irogesterone-primed uterus. It is proposed that oestradiol, acting on a uterus which
las been primed with progesterone, stimulates the synthesis of the protein CESP-1.
'ESP-1 then activates PLA2 to release arachidonic acid from phosphatidylcholine and
>hosphatidylethanolamine, which from Day 11 of the cycle is directed into the PGF2a-

iorming pathway. The secretion of CESP-1 from the endometrium into the uterine lumen
<iay represent a means of ''switching off' PGF2(X synthesis in the guinea-pig uterus.

Predominantly acidic proteins were released into medium used to culture conceptuses
removed from Day-15 pregnant guinea-pigs. These proteins were classified into two
categories: a) proteins synthesised and secreted by the conceptus during culture, and
c) inert (i.e. not fresHy synthesised) proteins which originated from the conceptus
ind/or maternal serum. Analysis of conceptus secretory proteins by gel filtration
chromatography revealed a freshly synthesised component (MW 98.2-103.5kDa as determined
cy chromatography on Sephacryl S-300HR column and 99.8-114.OkDa as determined by
chromatography on Sephacryl S-200HR column; CCSP-1) which comprised the largest
croportion of proteins present and which was unstable to analysis by SDS-PAGE. It is
croposed that CCSP-1 may facilitate the establishment of pregnancy in the guinea-pig by
Inhibiting the synthesis of CESP-1.
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B1QTIQM 1

CaEMlE^L IMTHODOOTIOM

1■1 THE PROSTAGLANDINS

1.1.1 Discovery

During the course of their studies on female sterility, New

York gynaecologists Kurzrok and Lieb (1930) found that exposure of

fresh human semen to strips of human uterus in vitro resulted in

contraction or relaxation of this tissue. Shortly afterwards, Von

Euler (1934, 1935) and Goldblatt (1935) independently observed that

extracts of human seminal fluid were capable of stimulating smooth

muscle activity. Von Euler (1935) also demonstrated the presence of

smooth muscle stimulatory activity in the seminal fluid of several

other species including the monkey, sheep and goat, and in extracts

of sheep seminal vesicles. Furthermore, this worker showed that

biological activity in extracts taken from the seminal fluid of the

human and other species was associated with a fraction containing

lipid-soluble acids, and that the intravenous injection of these

extracts into experimental animals produced a hypotensive response

(Von Euler, 1935; 1936) . By 1936, Von Euler had firmly established

that the pharmacological effect of the active principle present in

his extracts was due to a completely new substance which, because of

the source of his extracts, namely the accessory genital glands, he

called ''prostaglandin' . Subsequently, Von Euler (1939) proposed that

prostaglandin was possibly a lipid-soluble, unsaturated, hydroxy

fatty acid.
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This description of the chemical nature of prostaglandin by Von

Euler was later confirmed by Bergstrom (1949) who also demonstrated

that seminal fluid extract contained more than one prostaglandin.

Subsequently, Bergstrom and Sjovall (1957) succeeded in isolating, in

pure crystalline form from sheep vesicular glands the first two

prostaglandins, which are known today as prostaglandin (PG) Ej and

F1(x. These workers later went on to elucidate the structures of PGE

and PGF, using extracts from the sheep prostate gland (Bergstrom and

Sjovall, 1960a, b) . The use of mass spectrometry by Bergstrom,

Ryhage, Samuelsson and Sjovall (1963) confirmed the identities of

these prostaglandins as being PGE-l and PGFla. These studies firmly

established that 'prostaglandin' was not a single compound but a

group of chemically related compounds. Interestingly, although

several years earlier Eliasson (1959) had shown that seminal

prostaglandins originate from the seminal vesicles and not from the

prostate as assumed by Von Euler, the term prostaglandin had by this

time become firmly established and was therefore maintained.

Since these initial studies many prostaglandins as well as two

other groups of related compounds, namely the thromboxanes (TXs;

Hamberg, Svensson and Samuelsson, 1975) and prostacyclin (PGI2;

Gryglewski, Bunting, Moncada, Flower and Vane, 1976) have been

isolated and identified.
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Prostaglandins are unsaturated hydroxy fatty acids whose

structures are based upon the hypothetical monocarboxylic acid

'prostanoic' acid (see Figure 1.1.2). This molecule consists of 20

carbon atoms, a cyclopentane ring, two aliphatic side chains and a

terminal carboxyl group. Prostaglandins may be classified into nine

categories, namely PGA, PGB, PGC, PGD, PGE, PGF, PGG, PGH and PGI

(Figure 1.1.2). In each case, the letter designated to these various

prostaglandins 'describes' the differences in groups attached to the

cyclopentane ring. Exceptions to this rule are PGG2 and PGH2 which

possess the same ring structure. Thromboxanes also possess a

different ring structure in that an additional oxygen atom is

enclosed in the ring.

The nine categories of prostaglandins named above may be

further broken down into three series according to the number of

double bonds present in their aliphatic side chains, and the series

classification of any given prostaglandin is denoted by the subscript

numbers 1, 2 or 3 placed after the prostaglandin category letter.

Thus, prostaglandins of the '1' series (e.g. PGE^ invariably have

one double bond in the trans A13-14 position, prostaglandins of the

'2' series (e.g. PGE2) have one double bond in the trans A^3 ^4

position and another in the cis A3-^ position, and prostaglandins of

the '3' series (e.g. PGE3) have one double bond in the trans A^3 ^4

3



PROSTANOIC ACID

C5H10

\

PGG OOH

C 5H 10

\

PGH OH

Figure 1.1.2

Structure of prostanoic acid (top) and structural differences between

prostaglandins A to H. The structure for prostacyclin (PGI2) is shown in
Figure 1.1.3



position, another in the cis position and a third in the cis

A17 ^ position. The structure of PGF exhibits stereoisomerism since

the hydroxyl group at Carbon-9 (Cg) may be orientated on the same

side of the cyclopentane ring bearing the alkyl side chain (C13 to

C20) • Thus, for this series of prostaglandins an additional a / P

subscript system is used to indicate whether the C9 is below (a) or

above (P) the plane of the cyclopentane ring.

With the exception of primate seminal fluid where

prostaglandins of both the '1' and ,2' series occur in equal

quantities (Kelly, 1978), the major prostaglandins found in

biological systems are those of the ,2' series. Furthermore,

prostaglandins A2, B2 and C2 may be chemically derived from

prostaglandin E2, and PGB2 can be enzymatically derived from PGA2

(Jones, Cammock, and Horton, 1972). In addition, 19-hydroxylated

derivatives of prostaglandins F2a, E2, A2 and B2 have also been

found.

1.1.3 Biosynthesis and Metabolism

Potentially all cells, except erythrocytes, have the capability

of synthesising prostaglandins (Christ and Van Dorp, 1972) .

Furthermore, with the exception of the reserve found in seminal

fluid, prostaglandins are not normally stored but are synthesised

immediately prior to their release from the cell (Piper and Vane,

1971) . All prostaglandins are synthesised from three essential
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unsaturated fatty acid precursors which respectively give rise to the

three series of prostaglandins described earlier (see section 1.1.2).

Thus, 8,11,14-all-cis-eicosatrienoic acid, 5,8,11,14-all-cis-

eicosatetraenoic acid (better known as arachidonic acid) and

5,8,11,14,17-all-cis-eicosapentanoic acid are, respectively, the

precursors to the '1', y2' and '3' series prostaglandins. The most

important of these fatty acids is arachidonic acid since it is the

precursor for the predominant type of prostaglandins, namely the ,2'

series.

As well as being esterified in phospholipids, arachidonic acid

may also be found in triglycerides and cholesterol esters. However,

arachidonic acid bound to phospholipids represents the main source

for prostaglandin synthesis. Once released by acyl hydrolysis from

its lipid conjugate, arachidonic acid is acted upon by the

prostaglandin H synthase (PGHS) enzyme complex (see Figure 1.1.3) .

PGHS is a holoenzyme which contains two different forms of enzyme

activity, namely a cyclooxygenase component and a peroxidase

component. The first component of this enzyme to which arachidonic

acid is exposed is PGHS-cyclooxygenase which in the presence of

hydroperoxide (Lands, 1979), catalyses the bis-dioxygenation of

arachidonate to the cyclic endoperoxide, 15-hydroperoxide derivative

(named PGG2) . Once formed, the PGG2 seems to have an autocatalytic

effect on this reaction and a continued presence of hydroperoxide

appears to be necessary for the steady synthesis of this

prostaglandin (Cook and Lands, 1975; 1976) . It has been suggested

that the requirement of PGHS-cyclooxygenase for hydroperoxide may

5



Arachidonic acid

Figure 1.1.3

Major pathways of biosynthesis of prostaglandins (PG) and thromboxanes
of the s2' series. PGHS-CO: cyclooxygenase component of prostaglandin H

synthase enzyme complex. PGHS-PO: peroxidase component of prostaglandin H

synthase enzyme complex. 12-L-hydroxy-5,8,10-heptadecatrienoic (HHT) and

malondialdehyde (MDA) may also be formed from PGH2.



provide a process for the regulation of cellular prostaglandin

biosynthesis via modulation of either cellular hydroperoxide levels

or the ability of peroxide to activate cyclooxygenase (Kulmacz and

Lands, 1983) . The PGG2 is then rapidly acted upon by the second

enzyme component of PGHS, namely PGHS-peroxidase, which converts this

hydroperoxide to its 15-hydroxy analogue PGH2. PGH2 is the key

intermediate in the biosynthesis of the prostaglandins and

thromboxanes, and what eventually becomes of this prostaglandin is

dependent upon the type of cell in which it is produced (Samuelsson,

Goldyne, Granstrom, Hamberg, Hammarstrom and Malmsten, 1978) .

There is unequivocal evidence that both the cyclooxygenase and

the peroxidase components of PGHS require heme for their catalytic

function (Roth, Machuga, and Strittmatter, 1981; Ruf, Schuhn and

Nastainczyk, 1984). Furthermore, whereas the activity of PGHS-

cyclooxygenase can be inhibited with aspirin and other non-steroidal

anti-inflammatory drugs (Van der Ouderaa, Buytenhek, Nugteren and van

Doorp, 1980; Mizuno, Yamamoto and Lands, 1982) and fatty acid

analogues (Marshall and Kulmacz, 1988), PGHS-peroxidase ac tivity is

unaffected by these agents. One of the most intriguing

characteristics of PGHS is that it is 'self-inactivating' i.e. in

reactions involving PGHS, a progressive inactivation of this enzyme

complex is seen to take place as the reaction proceeds. Precisely why

this self-catalysed inactivation takes place is not completely clear.
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However, individual inactivations of the peroxidase (Ohki, Ogino,

Yamamoto and Hayaishi, 1979; Kulmacz, 1986) and the cyclooxygenase

(Smith and Lands, 1972) by distinct processes have been implicated in

the inactivation of PGHS.

Whilst most tissues are capable of metabolising prostaglandins,

the amounts actually processed by them are quite low. However, one

exception to this rule are the lungs which are capable of

metabolising almost all PGE2 and PGF2(X in the circulation following

just one passage through this organ (Ferriera and Vane, 1967). The

metabolic process involves the enzymatic oxidation, in the presence

of NAD + , of the 15-hydroxyl group on the active prostaglandin into a

ketone. This oxidation is usually followed by the reduction of the

13,14-trans-double bond on the 15-keto-prostaglandin to give 13,14-

dihydro-15-keto-prostaglandin. These dihydro-keto-prostaglandins,

including 13,14-dihydro-15-keto-PGE2 and 13,14-dihydro-15-keto-PGF2a,

which are, respectively, the main circulating metabolites of PGE2 and

PGF2, are major prostaglandin metabolites in the peripheral

circulation (Samuelsson, Granstrom, Green, Hamberg and Hammarstrom,

1975). In the case of prostacyclin (PGI2) and thromboxane A2 (TXA2),

the highly labile nature of these eicosanoids results very rapidly in

their spontaneous hydrolytic conversion to 6-keto-PGF la and TXB2,

respectively (Hamberg et al., 1975; Johnson, Morton, Kinner, Gorman,

McGuire and Sun, 1976).
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Our present knowledge of the roles which prostaglandins play in

a variety of physiological processes is based on many years of

research. One process where prostaglandins play a prominent role is

in the female reproductive system, particularly with respect to

control of the life-span of the corpus luteum. In this regard, the

uterus has received much attention since, in many non-primate

species, this organ dictates the duration of existence of the corpus

luteum, and hence the oestrous cycle length. The next topic in this

section, therefore, reviews the evolution of our understanding of

this regulatory effect of the uterus on the duration of the oestrous

cycle.

1 . 2 UTERINE PROSTAGLANDIN F0fv

1.2.1 Uterine Luteolytic Hormone

One of the first workers to appreciate the importance of the

uterus in regulating oestrous cycle length was Loeb (1923) who showed

that the excision of this organ from the guinea-pig prevented the

regression of the corpus luteum, and markedly prolonged the length of

the oestrous cycle. This worker later went on to postulate that "it

is possible that the uterus, in particular its mucosa, produces an

internal secretion which exerts a specific, abbreviating effect on

the life of the corpus luteum" (Loeb, 1927) . These early

investigations of Loeb firmly established the theory that a uterine

luteolytic hormone exists which causes the regression of the corpus

luteum. Subsequent investigations by other workers on the effect of

8



hysterectomy in other species including the rabbit (Asdell and

Hammond, 1933), pseudopregnant rat (Bradbury, 1937), cow (Wiltbank

and Casida, 1956), sheep (Wiltbank and Casida, 1956) and pig (Spies,

Zimmerman, Self and Casida, 1958) produced findings which were

similar to those observed by Loeb in the case of the guinea-pig i.e.

in each case luteal function was prolonged. Moreover, in the guinea-

pig, the destruction of the endometrial layer of the uterus was shown

to often result in luteal maintenance and a prolonged oestrous cycle

(Butcher, Chu and Melampy, 1962) . These finding led to the suggestion

that the endometrium was the source of this uterine luteolytic

hormone. However, in certain other species such as the monkey

(Burford and Diddle, 1936) and the human (Jones and Telinde, 1961;

Beavis, Brown and Smith, 1969) the removal of the uterus was shown to

have no effect on cyclic ovarian function. It is possible, therefore,

that in these primate species the uterus does not exert control over

the life-span of the corpus luteum.

From the time when Loeb (1927) first proposed the presence of a

uterine ''internal secretion' up to 1969, little headway was made in

determining the identity of the uterine luteolytic hormone.

Nevertheless, progress was made in understanding the structural

relationship between the uterus and the ovaries with regards to

uterine control of the corpus luteum. Thus, in many species,

including the guinea-pig (Bland and Donovan, 1966), pseudopregnant

rat (Barley, Butcher and Inskeep, 1966) and sheep (Inskeep and

Butcher, 1966), it was discovered that, whilst hemi-hysterectomy

resulted in the maintenance of corpora lutea present in the ovary

9



adjacent to the excised portion of the uterus, normal luteal

regression occurred in the ovary ipsilateral to the retained horn.

These results clearly demonstrated that, in these species, the scope

of influence of the uterine horn was limited to the corpora lutea in

the ipsilateral ovary only. It was also thought that the transfer of

this luteolytic agent from the uterus to the ovary took place via the

vasculature (discussed later in section 1.2.2) . Furthermore, Bland

and Donovan (1966) suggested that, because the point of action of

this uterine luteolytic hormone was local, the pituitary was most

probably not involved in this uterine-luteal relationship.

In 1969 it was found that administration of PGF2(X to the

guinea-pig (Blatchley and Donovan, 1969a), rat (Phariss and

Wyngarden, 1969) and rabbit (Gutknecht, Cornette and Phariss, 1969)

mimicked the effect of the luteolytic hormone on the ovaries of these

animals. The infusion of PGF2(X, by Phariss and Wyngarden (1969), into

the lumen of the pseudopregnant rat uterus on Days 5 and 6 of

pseudopregnancy resulted in the ovarian progesterone content of these

animals to decrease relative to saline-treated control animals.

Hence, in this experiment these workers were able to show that the

administration of PGF2a, at a time when the corpora lutea had become

fully established and functional, resulted in not only the structural

regression of the corpus luteum (morphological luteolysis) but also

in a drop in ovarian progesterone levels (functional luteolysis);

both of these effects (morphological and functional luteolysis) were

considered as being qualities necessary of any putative uterine
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luteolytic hormone to be considered as such. Subsequently, PGF2a was

shown to cause luteolysis in other non-primate, mammalian species

including the sheep (McCracken, Glew and Scaramuzzi, 1970), the cow

(Liehr, Marion and Olson, 1972; Lauderdale, 1972), the pig (Gleeson,

1974) and the mare (Noden, Oxender and Hafs, 1974) .

As the uterine luteolytic hormone necessarily had to be

released prior to luteal regression, studies were carried out, using

a variety of species including the sheep (Bland, Horton and Poyser,

1971; McCracken, Carlson, Glew, Goding, Baird, Green and Samuelsson,

1972), pig (Gleeson and Thorburn, 1973; Gleeson, Thorburn and Cox,

1974), cow (Nancarrow, Buckmaster, Chamley, Cox, Cumming, Cummins,

Drinan, Findlay, Goding, Restall, Schneider and Thorburn, 1973) and

guinea-pig (Blatchley, Donovan, Horton and Poyser, 1972) in order to

determine whether elevated levels of PGF2a were released from the

uterus prior to the demise of the corpus luteum. In all these

species, the levels of PGF2a in the uterine venous blood were shown

to increase towards the end of the oestrous cycle just prior to

luteal regression. This rise in uterine venous plasma PGF2a

concentrations appeared to take place around Day 11 of the oestrous

cycle, and by Day 13 of the cycle plasma PGF2a levels had increased

significantly. By Days 16 to 18 of the oestrous cycle of these

species, luteal regression was complete and elevated levels of PGF2a

were maintained throughout this period of luteal regression.
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During the course of their studies on the effect of the

intrauterine presence of foreign objects on the corpus luteum, Bland

and Donovan (1966) observed that the insertion of glass beads into

the uterine lumen of guinea-pigs on Days 2 to 4 of the oestrous cycle

caused premature luteal regression to occur between Days 9 to 11 of

the cycle. Later, Blatchley, Donovan and Poyser (1976) demonstrated

in similarly-treated animals that a rise in utero-ovarian plasma

\>y
PGF2a concentrations ■ occurred Day 8, and this rise reached a peak

on Day 12, a time when utero-ovarian plasma progesterone levels were

reduced. Hence, the early demise of corpora lutea observed by Bland

and Donovan (1966) was associated with the premature release of PGF2(X

from the uterus. The insertion of foreign objects in the uterus of

the sheep (Spilman and Duby, 1972), rat and hamster (Saksena, Lau and

Castracane, 1974) were also shown to result in an increase in the

production of PGF2a by this organ. Other studies which implicated

PGF2a as the uterine luteolytic hormone included studies carried out

by Scaramuzzi, Baird, Wheeler, and Land (1973) who showed that the

immunisation of sheep against PGF2a prevented luteal regression in

these animals. Subsequently, Horton and Poyser (1974) showed that

immunisation of guinea-pigs against PGF2a resulted in elongation of

their oestrous cycles; the actual degree of prolongation was shown to

be directly dependent on the plasma concentrations of anti-PGF2a

antibodies in these animals, such that guinea-pigs with high anti-
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PGF2a titres had their oestrous cycles prolonged to a greater extent

than those animals with lower antibody titres. Further evidence that

PGF2a was indeed the uterine luteolytic hormone was presented by

Poyser and Horton (1975) who showed that the intrauterine

administration of indomethacin, an inhibitor of the cyclooxygenase

component of PGH synthase, to guinea-pigs resulted in elevated

progesterone concentrations being maintained for much longer than

normal, which suggested that luteal regression had been prevented.

This luteoprotective effect of indomethacin was also observed in

other species including the rabbit (0'Grady, Caldwell, Auletta and

Speroff, 1972) and the rat (Chatterjee, 1973) .

To summarise the evidence that prostaglandin F2(X is the uterine

luteolytic hormone in non-primates:

(1) PGF2a causes the demise of the corpus luteum and mimics the

effects of the uterine luteolytic hormone, luteolysin, in

vivo.

(2) The concentration of PGF2a in the uterine vein increases

towards the end of the oestrous cycle, just prior to

luteolysis.

(3) Stimulation of uterine PGF2a output by physical distention

of the uterus in vivo causes premature luteal regression.

(4) Immunological inactivation of PGF2a prolongs the life-span

of the corpus luteum.
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(5) The inhibition of utrine PGF2a production extends the

duration of luteal function.

In order for PGF2a to bring about luteolysis, it must by some

means be transported from its point of synthesis (the uterus) to its

point of action (the ovary). How this takes place is, therefore, the

next topic to be reviewed in this section.

1,2,2 Transfer of Prostaglandin F2C. From Uterus to Ovary

In 1969, Bland and Donovan showed that, whereas ligation of the

oviduct had no effect on luteal regression in guinea-pigs, ligation

of the vascular supply to the uterus and ovaries in these animals

resulted in luteal maintenance (Bland and Donovan, 1969a). These

results suggested that the means by which PGF2(X travels from the

uterus to the ovary is most probably via the vascular system. In the

sheep, Barret, Blockey, Brown, Cumming, Goding, Mole and Obst (1971)

showed that structural arrangement of the vascular system,

specifically the position of the ovarian artery, which runs over the

surface of the utero-ovarian vein, to be of importance in the

transport of PGF2a since the separation of these vessels resulted in

luteal maintenance. Subsequently, McCracken et al. (1972) infused

radiolabelled PGF2a in the uterine vein of the sheep at a point

before its merger with the utero-ovarian vein, and simultaneously

monitored the blood flow through the ovarian and iliac arteries for

radioactivity. Over the next 20 min a small, but significant, rise in
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radioactivity was measured in the blood passing through the ovarian

artery, whereas the blood passing through the iliac artery appeared

to be unaffected. The amount of radioactivity passing through the

ovarian artery subsequently appeared to peak after a further 20-30

min. McCracken et al. (1972) interpreted these results as indicating

that the means by which PGF2(X was transported from one uterine horn

to its adjacent ovary was via its transfer from the utero-ovarian

vein to the ovarian artery by a counter-current mechanism. The

efficiency of this transfer mechanism was estimated as being about

5%. One possible explanation for this low efficiency of transfer was

put forward by Horton and Poyser (1976) who suggested that, since

most of the local tissues involved are incapable of metabolising

prostaglandins to any great extent, then the PGF2a entering the ovary

through the ovarian artery will necessarily have to leave this organ

via the utero-ovarian vein which already contains freshly synthesised

PGF2a leaving the uterus. These workers went on to point out that,

were this transfer process 100% efficient and no prostaglandin

metabolism took place, then there would be a perpetual passage of

increasing amounts of PGF2a through the ovary. Hence, under normal

conditions of low PGF2a transfer efficiency, any PGF2a which is not

retained by the counter-current will pass into the systemic

circulation and be inactivated in the lungs (Ferriera and Vane,

1967) . A more recent estimate of the transfer of PGF2a from the

uterine vein into the ovarian artery was given by Heap, Fleet and
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Hamon (1985) who calculated this to be 0.3%. A similar counter-

current mechanism for the transfer of PGF2a has also been

demonstrated in the cow (Hixon and Hansel, 1974).

In certain species such as the guinea-pig (Egund and Carter,

1974), rabbit (Hunter and Casida, 1967) and horse (Del Campo and

Ginther, 1973), the structural arrangement of the vasculature makes

it physically impossible for a counter-current mechanism similar to

that described for the sheep to exist. Hence, in these species the

transfer of PGF2a from the uterus to the ovary must take place by

some alternative mechanism. One such alternative means for the

transfer of PGF2a which has been suggested is via the lymphatic

system. Thus, Abdel Rahim, Bland and Poyser (1984) observed that in

the sheep, the transfer of the uterine luteolytic hormone solely from

the uterine venous blood to the ovary was not sufficient to cause

luteolysis but that the transfer of PGF2a via the lymphatic system

was also necessary for complete luteolysis. Subsequently, other

workers showed that, in the sheep, [3H]-PGF2a infused into a uterine

lymph vessel was recovered in the ovarian artery (Heap et al., 1985).

The efficiency of this transfer process (i.e. from the uterine

lymphatic vessel into ovarian blood) in the sheep was estimated as

being similar to the efficiency of transfer of PGF2a from the uterine

vein into the ovarian artery in the same species. These various

studies carried out in the sheep clearly demonstrate that, in this

species, the uterus communicates its influence over luteal function
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via both the uterine lymphatic system as well as the uterine vascular

system. However, in the case of the guinea-pig, as in the case of

several other species including the rabbit and the horse, the precise

means by which PGF2a travels from the uterus to the ovaries still

awaits discovery.

One of the more intriguing aspects of PGF2a release from the

uterus is that it is pulsatile in nature. The next section,

therefore, investigates in more detail this pattern of PGF2a

discharge from the uterus.

1,2,3 Mode of Discharge of Prostaglandin F^ From the Uterus

Studies in several species have demonstrated that the release

of PGF2a from the uterus occurs in a pulsatile manner (see Poyser,

1981). Thus, by taking hourly measurements of the plasma

concentration of the main circulatory metabolite of PGF2a (13,14-

dihydro-15-keto- PGF2a; PGFM) in heifers over a period of two to

three days, Kindahl, Lindell and Edqvist (1981) were able to show

that the temporal appearance of PGFM followed a complex pattern of

pulses of l-5h duration. Furthermore, these workers found that

following every peak in PGFM concentration, there was a corresponding

step-wise decrease in plasma progesterone concentration which

reconfirmed the notion that PGF2a was responsible for initiating

luteolysis in this species. Subsequently, Schramm, Bovaird, Glew,
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Schramm and McCracken (1983) demonstrated that in sheep whose ovaries

were auto-transplanted to their necks, four hour-long infusions of

PGF2a (40-80pg/ml) directly into the arterial supply of this organ

over 19h caused luteal regression in only 25% of animals, whereas the

same infusion of five doses of PGF2a over 25h caused luteal

regression in all animals used. In addition, these workers found that

in this species, long-term pulsatile administration of PGF2a in the

form of a single daily infusion given over four days brought about

only transient luteal dysfunction. Hence, it would appear that in the

sheep, luteal regression is dependent upon pulses of PGF2a being

released at relatively short intervals from the uterus. Recently,

Poyser (1991) has suggested that pools of arachidonic acid bound as

phospholipids exist in endometrial cells of the uterus which may

readily be released by PLA2, and that the time taken to replete these

pools may explain, in part, the pulsatile character of uterine PGF2a

output.

Once PGF2(X reaches the ovary it must bring about luteal

regression. Hence, the next section examines precisely how PGF2a

causes the demise of the corpus luteum.
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1,2.4 Mechanism of Luteal Regression

Initial suggestions regarding the means by which PGF2a brought

about luteolysis were based on the finding that this prostaglandin

was strongly vasoconstrictive (DuCharme, Weeks and Montgomery, 1968).

Thus, Phariss, Cornette and Gutnecht (1970) suggested that by

restricting the blood supply to the corpus luteum, PGF2a caused

luteal anoxia which ultimately resulted in luteal regression.

However, other investigators found that, whereas the infusion of

PGF2a directly into the ovary of the sheep resulted in a rapid

decrease in progesterone output, no preceding drop in total ovarian

blood-flow was noted (McCracken et al., 1970; Baird, 1974).

Nevertheless, Thorburn and Hales (1972) found that around the time of

luteolysis in the sheep, PGF2a was capable of selectively curtailing

the flow of blood to the corpus luteum without altering total ovarian

blood-flow. In addition, Niswender, Moor, Akbar, Nett and Diekman

(1975), also using the sheep, found that both the blood flow through

the corpus luteum and the ovary as a whole dropped around the time of

luteal regression. Subsequently, Einer-Jensen and McCracken (1977)

showed that the drop in progesterone output from the corpus luteum

occurred prior to the reduction in luteal blood-flow. A similar

temporal relationship between progesterone output from and blood-flow

through the corpus luteum was later demonstrated in the guinea-pig

(Hossain, Lee, Clarke and O'Shea, 1979). This reduced luteal blood

flow observed by Einer-Jensen and McCracken (1977) was suggested by
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O'Shea, Nightingale and Chamley (1977) as being due to vascular

obstruction brought about by cell debris rather than reactive

vasoconstriction in response to PGF2a. Therefore, it would appear

that the reduction in luteal blood-flow is only a secondary effect of

PGF2a in relation to luteolysis.

The ability of PGF2a to bring about luteolysis is primarily

dependent upon the susceptibility of the corpus luteum to this

prostaglandin. In many non-primate species, the corpus luteum is

resistant to the luteolytic effect of PGF2a during the early stage of

the oestrous cycle, and it is thought that it is during this

refractory phase that the corpus luteum develops ''susceptibility' to

the luteolytic hormone. In the cow, Rao, Estergreen, Carman and Moss

(1979) showed that binding of PGF2a to its receptor, located on the

luteal cell membrane, increases as the cycle progressed. This

increase in binding was suggested as being due to an increase in the

affinity of the PGF2a receptor, which appeared to peak during luteal

regression, for its agonist. Luteal PGF2a receptors have also been

observed in a variety of other species including the sheep (Powell,

Hammarstrom and Samuelsson, 1974), rat (Wright, Luborskymoore and

Behrman, 1979) and mare (Kimball and Wyngarden, 1977), and it is

possible that the number and/or affinity of PGF2a receptors may play

role in controlling luteal necrosis. Interestingly, receptors for

PGF2a have also been located on the corpus luteum in the human
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(Powell, Hammarstrom, Samuelsson and Sjoberg, 1974). However, these

human luteal receptors have only low affinity for PGF2CC, which most

probably explains why this prostaglandin is not luteolytic in women

(Poyser, 1981). The stimulus for progesterone production by the

corpus luteum is the binding of luteinizing hormone (LH) to its

receptors located in the plasma membrane of luteal granulosa cells.

After combining with its receptor, LH, by activating the enzyme

adenyl cyclase causes an increase in the second messenger adenosine¬

s-monophosphate (cyclic-AMP; cAMP), which in turn stimulates

progesterone synthesis and output. PGF2ct has been shown to rapidly

block the LH-induced increase in cAMP in rat (Lahav, Freud and

Lindner, 1976) and sheep (Fletcher and Niswender, 1982) corpora

lutea. As the number of occupied LH receptors on the surface of the

luteal cells increases, lateral movement of the bound receptors takes

place which results in the formation of bound LH receptor micro-

aggregates. Subsequently, Luborsky, Slater and Behrman (1984)

proposed that it was this grouping of LH receptors which was

responsible for adenyl cyclase activation, and that by inhibiting

this LH receptor movement, PGF2a prevented the stimulation of adenyl

cyclase. PGF2a has also been shown to reduce the binding of LH to its

receptor in the rat (Behrman, Grinwich, Hichens and MacDonald, 1978),

sheep (Diekman, O'Callaghan, Nett and Niswender, 1978) and pig (Barb,

Kraeling, Rampacek and Pinkert, 1984) . When luteal cells are exposed

to a pulse of LH, LH binding to these cells is increased due to the

21



appearance of latent LH receptors which were not previously

available. Luborsky, Dorflinger, Wright and Behrman (1984) proposed

that PGF2a prevents the appearance of these latent LH receptors which

in turn decreases the overall binding of LH to its receptor. Finally,

LH receptor binding is eventually lost, presumably because of the

lack of appearance of new LH receptors. PGF2a, as discussed above,

brings about functional luteolysis by inhibiting LH receptor movement

and by preventing the appearance of latent LH receptors. However,

precisely how does PGF2a bring about these two inhibitory effects?

Dorflinger, Albert, Williams and Behrman (1984) proposed that in the

rat an increase in intracellular calcium was responsible for the

inhibition, by PGF2a, of the LH-stimulated increase in cAMP. These

workers showed that raising intracellular calcium concentrations

directly inhibited LH-sensitive adenyl cyclase activity in rat luteal

membranes (Dorf linger et al., 1984). Interestingly, PGF2a had been

shown earlier to 'switch on' the inositol trisphosphate (IP3) second

messenger system (Berridge, 1984; Berridge and Irvine, 1984). In this

system, receptor-activated intracellular signals in the form of

inositol lipids are generated. One of these lipids is

phosphatidylinositol-4,5-bisphosphate which is hydrolysed to

diacylglycerol and IP3 as part of the signal transduction mechanism.

The diacylglycerol subsequently operates within the plane of the cell

membrane to activate protein kinase C which in turn stimulates

protein phosphorylation, whereas IP3 is released into the cytoplasm
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to function as a second messenger for mobilising intracellular

calcium. PGF2a-induced luteal regression was subsequently shown by

Riley and Carlson (1985) to be associated with increased membrane

rigidification in a calcium, calmodulin and protein-dependent manner.

Hence, it would appear that PGF2a, by stimulating the IP3 cycle,

brings about an increase in the free intracellular calcium

concentration of the luteal cell. The calcium, in conjunction with

calmodulin, then regulates the phosphorylation of proteins in the

luteal cell membrane which results in membrane rigidification. This

change in the character of the luteal cell membrane prevents LH

receptor movement, the appearance of latent LH receptors, and

eventually leads to the loss of LH receptors since receptor turnover

is stopped. However, these actions of PGF2a on LH receptors do not

completely explain the luteolytic effect of this prostaglandin.

In a number of different species including the pig (Lemon and

Moir, 1977), cow (Ursely and Leymarie, 1979) and sheep (Fitz, Mayan,

Sawyer and Niswender, 1982), progesterone secreting luteal cells are

classified into two types according to their size, namely 'large'

luteal cells and 'small' luteal cells. In the sheep, Rodgers, 0' Shea

and Findlay (1983) showed that, whilst one large luteal cell secretes

more progesterone than one small luteal cell, the population of the

latter is greater than the former. Consequently, it was demonstrated

that on the whole, the amount of progesterone secreted by the large

cells was not significantly different from the amount secreted from

the small luteal cells. In addition, differences between these two
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cell types were observed which at first appeared paradoxical. Thus,

although Fitz et al. (1982) showed that the number of binding sites

for PGF2a on small luteal cells in the sheep were very few in

comparison to the number present on the large luteal cells, Niswender

and Hoyer (1985) found that progesterone production by these small

luteal cells was dependent on LH and cAMP, but that the production of

this steroid hormone by the large luteal cells did not involve LH and

cAMP. Fitz, Mock, Mayan and Niswender (1984) demonstrated that the

exposure of large luteal cells from sheep to PGF2a disrupted both the

structural integrity and the steroidogenic capacity of these cells

which clearly demonstrated both the morphological and the functional

luteolytic capabilities of this prostaglandin. Precisely how PGF2a

brings about its inhibitory effect on these large luteal cells is not

completely clear. However, it has been suggested that PGF2a induces a

'toxin' within, the large luteal cells which disrupts both cell

morphology and function, and which can also influence small luteal

cells. Finally, in the corpus luteum of the sheep, small luteal cells

predominate early in the oestrous cycle whilst large luteal cells are

prevalent at the time of luteal regression. This pattern of

distribution of the two luteal cell types may account for the lack of

effect of PGF2a early in the oestrous cycle.

Direct inhibitory effects of PGF2a on progesterone production

have also been demonstrated. Thus, PGF2a has been shown to inhibit

the activities of several enzymes involved in the synthesis of
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progesterone from cholesterol (Dwyer and Church, 1979a, b).

Furthermore, Hixon, Gegenback and Hansel (1975) found that the

destruction of the ovarian follicles in sheep prevented PGF2a-induced

luteolysis, which suggested that oestradiol was required for the

luteolytic action of PGF2a.

1 , 3 FACTORS INVOLVED IN THE RATE-LIMITING STEP FOR UTERINE

PROSTAGLANDIN SYNTHESIS

The release of bound arachidonic acid is the rate-limiting step

in the synthesis of prostaglandins in all tissues (Vogt, 1978). In

the uterus, this reaction has been shown to require phospholipase

enzyme, calcium and possibly the calcium-binding protein calmodulin.

Therefore, in this section the source of arachidonic acid for uterine

prostaglandin synthesis, and the various requirements needed for its

release have been individually reviewed.

1.3.1 Arachidonic Acid Turnover in the Uterus

The main source of arachidonic acid for prostaglandin synthesis

is phospholipid, which may be considered a derivative of

glycerophosphate in which the two hydroxyl groups are esterified to

long-chain fatty acids and the phosphoryl group forms a

phosphodiester bond with a polar group, such as choline or

ethanolamine, from which the name of the phospholipid is derived. The

major phospholipids include phosphatidylcholine (PC),
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phosphatidylethanolamine (PE), phosphatidylserine (PS),

phosphatidylinositol (PI) and sphingomyelin (see Figure 1.3.1) .

Leaver and Poyser (1981) showed that in the guinea-pig uterus over

90% of the total arachidonic acid is bound to phospholipid, and that

of this proportion 80% is esterified as PC and PE. Subsequently,

Ning, Leaver and Poyser (1983) demonstrated an apparently specific

stimulation of the mechanisms involved in the uptake of arachidonic

acid into the guinea-pig endometrium, particularly into the

phospholipids at the end of the oestrous cycle (Day 15) . This work

was followed up by Ning and Poyser (1984) who demonstrated that,

although more arachidonic acid is bound as PE than as PC in the

guinea-pig uterus (Leaver and Poyser, 1981), the major phospholipid

present in the endometrium of this animal is PC. These workers

proposed that the increased incorporation of arachidonic acid into

endometrial phospholipids on Day 15 compared to Day 7 of the oestrous

cycle is not due to a change in phospholipid content of the

endometrium, but that it is due to increased addition, on Day 15, of

arachidonic acid to lysophospholipid (Ning and Poyser, 1984). This

suggestion was based on several observations: (i) rapid incorporation

of fatty acids into membrane phospholipids appeared to be due to a

turnover of fatty acyl chains rather than the de novo synthesis of

phospholipid (Trotter and Ferber, 1981), (ii) there were no

significant differences in the quantities of any phospholipid

contained in the guinea-pig endometrium between Day 7 and Day 15 of

the cycle (Ning and Poyser, 1984) and (iii) the synthesis of PC,

either from de novo or through the methylation of of PE, and the
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synthesis of PI did not increase in the guinea-pig endometrium

between Day 7 and Day 15 of the cycle (Ning and Poyser, 1984) .

Overall, therefore, it would appear that in the guinea-pig uterus,

mechanisms exist which increase the uptake of arachidonic acid into

phospholipids towards the end of the oestrous cycle (a time when

uterine PGF2a production is high), possibly in order to compensate

for the higher release of arachidonic acid from PC and PE at this

time.

1.3.2 Phosphlipase Enzymes

Phospholipases catalyse the hydrolysis of phospholipids. In

general, these enzymes have specificity for the position on the

glycerophosphate backbone rather than for the particular fatty acid

or polar group present. All four ester moities in a phospholipid are

susceptible to enzymatic hydrolysis (see Figure 1.3.2) . Thus,

phospholipase (PL) Ax and PLA2 cleave the acyl esters from the

glycerol backbone at Carbon-1 and Carbon-2 respectively, whilst

phospholipases C and D, respectively, hydrolyse the phosphodiester

bond on the glycerol and polar sides (Dennis, 1983).

Lysophospholipases are another category of fatty acid-releasing

enzymes which catalyse the hydrolysis of remaining acyl groups on

lysophospholipids. These enzymes carry out the same type of reaction

as PLAX or PLA2 in that whilst one category of lysophospholipases

catalyse the removal of the fatty acid at the Carbon-1 position

(activity analogous to PLAj, activity) from a 1-monoacylphosphatide to
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form glycerol-3-phosphate, another category catalyses the removal of

the fatty acid at the Carbon-2 position (activity analogous to PLA2

activity) from 2-monoacylphosphatide to produce the same product. As

well as fatty acids and water-soluble polar compounds, the primary

products of phospholipase action are lysophospholipid, diglycerides,

or phosphatidic acid, all of which can in turn be acted upon by

phospholipases or lipases.

Of the different phospholipases mentioned above, only PLA2

hydrolyses the Carbon-2 fatty acid from the glycerol backbone of

phospholipids, which makes this enzyme of great importance in the

synthesis of prostaglandins since unsaturated fatty acids, including

arachidonic acid, are found predominantly in this position. One other

pathway by which arachidonic acid may be released involves the

conversion of phosphatidylinositol by PLC to 1, 2-diacylglycerol,

which may then be acted upon sequentially by diacylglycerol lipase

and monoacylglycerol lipase to produce free arachidonic acid. Both of

these phospholipases have been shown to be involved in uterine

prostaglandin production. Therefore, the range of phospholipases

reviewed in this section will be limited to these two enzymes.

1. 3.2.i. Phospholipase A2

This enzyme category was the first of the phospholipases to be

identified, and its discovery was based on the finding that

pancreatic secretions and snake venom were capable of breaking down

phosphatidylcholine (Wittcoff, 1951). Since these early observations

many different PLA2s have been identified both within the cell and

extracellularly. However, the activity of the latter class of PLA2 is
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far higher than the former. Intracellular PLA2 activity has been

observed in virtually every mammalian tissue examined. Furthermore,

this class of PLA2 occurs in different forms within the cell, namely

as the membrane-bound or as the soluble enzyme. The Vmax of these

intracellular enzymes varies both within the cell and from tissue to

tissue. Thus, in the murine macrophage cell line P388Dlf a single

calcium-dependent PLA2, with optimum activity at pH 8, was identified

in membrane-rich fractions which was distinguishable from other PLA2

activities which were calcium-independent and possessed lower pH

optima. Similarly, in the guinea-pig endometrium, membrane-bound PLA2

has been shown to require 5mM calcium for optimal catalysis whilst

the soluble enzyme requires 2mM calcium for maximal activity (Downing

and Poyser, 1983).

In the guinea-pig endometrium both the membrane-bound PLA2

(which comprises 90% of the total PLA2 activity in the cell) and the

soluble enzyme operate at an optimum at pH 8. However, as just

mentioned, these two enzymes have different calcium requirements for

maximum catalysis (Downing and Poyser, 1983). Overall, in the guinea-

pig, endometrial PLA2 activity increases 1.4 to 1.8-fold between Day

7 to 16 of the cycle (Downing and Poyser, 1983) . From these

experiments Downing and Poyser (1983) calculated the maximum

theoretical release rates of arachidonic acid by this enzyme in the

guinea-pig endometrium as being 15ng/min/uterine horn on Day 7, and

22ng/min/uterine horn on Days 15 to 16. However, Poyser and Brydon

(1983) found that the output of PGF2a from the guinea-pig uterus
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removed on Day 7 and Day 15 of the cycle and superfused in vitro were

0.1lng/min/uterine horn and 2.5ng/min/uterine horn, respectively.

These PGF2ct release rates were very similar to those obtained for the

guinea-pig uterus in vivo (Poyser and Maule Walker, 197 9) .

Furthermore, whilst PGF2a output from the guinea-pig uterus has been

shown to increase 22-fold between Days 7 and 15 of the cycle (Poyser

and Brydon, 1983), the overall PLA2 activity increases only 1.5-fold

over the same period. It is clear, therefore, that the potential of

membrane-bound PLA2 for releasing arachidonic acid, especially on Day

7, greatly surpasses the actual release rate of PGF2a from the

uterus. Consequently, the absolute activity of PLA2 can not be the

factor controlling PGF2a release from the uterus of the guinea-pig.

PLA2 activity in a variety of species, including humans, has

been shown to fluctuate during the course of the oestrous/menstrual

cycle, which suggests that this enzyme is regulated by ovarian

steroid hormones. Downing and Poyser (1983) showed that in the

guinea-pig the activity of endometrial PLA2 was higher on Day 16 of

the cycle compared to Day 7. This increase followed the rise in

plasma oestradiol concentrations which occurs on Day 10 in this

species. Oestradiol has also been shown to stimulate uterine PLA2

activity in the rat (Pakrasi, Chang and Dey, 1983) . Treatment with

progesterone followed by oestradiol caused a stimulation of PLA2

activity in the endometrium of both the rat (Dey, Hoversland and

Johnson, 1982) and the human (the calcium-dependent form of the
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enzyme; Bonney, Qizilbash and Franks, 1987), which was greater than

the increase observed when oestradiol was administered alone. This

■•priming' effect of progesterone is consistent with the finding that

oestradiol, particularly following progesterone priming, increases

prostaglandin output from the uterus of ovariectomised animals

(Caldwell, Tillson, Brook and Speroff, 1972; Blatchley, Maule Walker

and Poyser, 1975b; Castracane and Jordan, 1975) and from human

endometrium treated in vitro (Abel and Baird, 1980) and in vivo

(Smith, Abel and Baird, 1984).

In a study carried out by Bonney (1985), who monitored the

activity of calcium-dependent PLA2 in human endometrium during the

menstrual cycle, maximum PLA2 activity was found to occur during the

early phase of the cycle, prior to the highest output of

prostaglandins by the endometrium, which takes place at the end of

the cycle (Downie, Poyser and Wunderlich, 1974; Singh, Baccarini and

Zuspan, 1975) . .Thus, it would appear that in the human, as in the

case of the guinea-pig, absolute PLA2 activity does not dictate

endometrial prostaglandin synthesis, which implies that other

important regulatory steps are involved.

1.3.2.ii. Phospholipase C

Vogt (1978) proposed that the activation of PLA2 by calcium was

the rate-limiting step in the synthesis of prostaglandins since PLA2

caused the release of arachidonic acid from phospholipids. However,

Bell, Kennerly, Stanford and Majerus (1979) showed that in platelets,

arachidonic acid for prostaglandin synthesis was released from
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phosphatidylinositol by the sequential action of PLC and

diacylglyceride lipase. PLC activity has also been demonstrated in

human uterine decidua (DiRenzo, Johnston, Okazaki, Okita, MacDonald

and Bleasedale, 1981) and endometrium (Bonney and Franks, 1987). In

the case of the latter (endometrial) enzyme, Bonney and Franks (1987)

suggested that, whilst PLC activity may rise during certain

pathological conditions associated with abnormally high

concentrations of prostaglandins in the endometrium, under normal

circumstances the activity of this endometrial enzyme was essentially

independent of the stage of the menstrual cycle. In the guinea-pig,

Ning and Poyser (1984) found no significant difference in the amounts

of phosphatidylinositol synthesised by the endometrium between Days 7

and 15 of the cycle. This observation, taken together with the fact

that PI contains less than one-tenth of the total arachidonic acid in

the uterus (Leaver and Poyser, 1981), suggests that PLC is not

involved in uterine prostaglandin synthesis in this species.

Moreover, in a study which investigated the effects of PLA2 and PLC

on prostaglandin synthesis and release by the guinea-pig uterus,

Poyser (1987a) concluded that the activation of PLA2 by calcium

rather than the activation of PLC was involved in the synthesis of

PGF2a by the uterus.
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Calcium and the Regulation Phospholipase A-, Activity

Maximal PLA2 activity has been shown to be calcium-dependent in

seminal vesicles (Kunze, Bohn and Vogt, 1974), platelets (Wong and

Cheung, 1979), amnion cells (Olson, Opavsky and Challis, 1983) and

endometrium (Downing and Poyser, 1983; Bonney, 1985) . In a study

using the guinea-pig uterus superfused in vitro, Poyser and Brydon

(1983) showed that the outputs of PGF2a, PGE2 and 6-keto-PGF 1(I (the

stable metabolite of PGI2) increased 21.9-, 1.8- and 2.9-fold,

respectively, between Day 7 and 15 of the cycle. This relatively

specific increase in PGF2a output was suggested by Poyser (1983b) as

being caused by oestradiol acting on a progesterone-primed uterus.

This worker also suggested that the endometrium and myometrium were,

respectively, the major sites of PGF2(X and 6-keto-PGFla synthesis in

the uterus (Poyser, 1983a). In their investigations, Poyser and

Brydon (1983) also found that the calcium ionophore, A23187, was

capable of stimulating the outputs of PGF2a, 6-keto-PGFla and, to a

lesser degree, PGE2 from the Day-7 and Day-15 guinea-pig uterus

superfused in vitro. This effect of A23187 was subsequently shown by

Poyser (1984a) to be dependent on extracellular calcium. However,

Poyser (1984a) found that the high basal output of PGF2a from the

Day-15 guinea-pig uterus was not reduced during a 150min superfusion

with calcium-free medium, or during a 30min superfusion with the

intracellular antagonist, 8-(N,N-diethylamino) octyl-3,4,5-

trimethoxybenzoate hydrochloride (TMB-8) (Poyser, 1985b).
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Furthermore, Poyser (1985b) discovered that whilst raising the free

intracellular calcium concentration of Day-7 guinea-pig uterus with

A23187 stimulated PGF2a output, the rise in PGF2a production was not

sustained. From these results Poyser (1985b) concluded that calcium

alone could not account for the sustained high rate of PGF2a

synthesis by and release from the Day-15 guinea-pig endometrium

during superfusion. These studies were subsequently reassessed by

Riley and Poyser (1987a) who investigated the role calcium plays in

uterine prostaglandin synthesis including the long-term effects of

lack of calcium on endometrial prostaglandin output. These workers

found that EGTA (a calcium chelator) and TMB-8 in calcium-containing

medium, and calcium-depleted medium, significantly reduced basal

PGF2a output from Day-15 guinea-pig endometrium maintained for three

days in tissue culture. Riley and Poyser (1987a) suggested that

although these results indicated that calcium, primarily of

extracellular origin, was necessary for the high output of PGF2a from

Day-15 guinea-pig endometrium, it was possible that endometrial PGF2a

synthesis was dependent on the mobilisation of calcium from

intracellular stores, and that the extracellular calcium was

necessary solely to replenish these stores.

Calmodulin, a 17kDa acidic calcium-binding protein, has been

shown to mediate the stimulatory effect of calcium on PLA2 activity

in a variety of locations including platelet membranes (Wong and

Cheung, 1979; Walenga, Opas and Fenstein, 1981), the renal medulla
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(Craven and DeRubertis, 1983) and the amnion (Olson, Challis,

Opavsky, Smeija, Kramar and Skinner, 1985) . In the guinea-pig the

involvement of calmodulin in mediating the calcium-stimulated

increase in uterine PGF2a output was investigated by Poyser (1985a,

b), who showed that the A23187-induced output of PGF2a from the Day-7

and Day-15 guinea-pig uterus superfused in vitro was inhibited by

trifluoperazine (TFP) and N-(6-aminohexyl)-5-chloro-l-naphthalene-

sulphonamide (W-7), both calmodulin inhibitors. Furthermore, Riley

and Poyser (1987a) demonstrated that W-7 and, to a lesser extent, TFP

significantly reduced the high basal output of PGF2a from Day-15

guinea-pig endometrium maintained for three days in tissue culture.

Taken together, these results indicate that calmodulin (or a similar

substance) is involved in the process by which an increase in

intracellular free calcium concentration stimulates PLA2 activity in

the guinea-pig endometrium. It has been suggested that the effect of

these calmodulin inhibitors on basal PGF2a output may be due to their

ability to prevent the binding of calcium to acidic phospholipids, as

in the case of platelets where it has been found that PLA2 activity

is stimulated by such phospholipids in a calcium-dependent manner,

but not by calmodulin (Watanabe, Hashimoto, Teramoto, Kume, Naito

and Oka, 1986).

By using different calcium channel blocking agents, Riley and

Poyser (1987a) were able to show that the extracellular calcium

required for the stimulation of PLA2 activity, and hence PGF2a
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synthesis, does not enter the endometrial cells by voltage-dependent

channels. Furthermore, these workers discovered that, unlike

platelets where increased protein kinase C activity has been shown to

potentiate platelet thromboxane synthesis in response to appropriate

stimuli (Mobely and Tai, 1985) through the deactivation, by

phosphorylation, of a PLAj-suppressive protein (Touqui, Rothhut,

Shaw, Fradin, Vargaftig and Russo-Marie, 1986), prostaglandin

synthesis in the guinea-pig endometrium is not stimulated by an

activator of protein kinase C. However, Skinner, Liggins, Wilson and

Neale ( 1984) were able to stimulate the synthesis of PGF2a by

cultured human endometrial cells using the protein kinase C activator

phorbol 12-myristate 13-acetate (TPA), which suggests that

differences exist in the intracellular mechanisms controlling PGF2a

synthesis in these two species.

Overall, these tissue culture studies carried out by Riley and

Poyser (1987a) and the earlier superfusion studies carried out by

Poyser (1985a, b) tend to indicate that calcium, mainly of

extracellular origin, is necessary for increased PGF2a production by

the guinea-pig endometrium during the last third of the oestrous

cycle.
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1 . 4 HORMONAL CONTROL OF UTERINE PROSTAGLANDIN Foa SYNTHESIS

1^4^ Hormonal Stimulus for Prostaglandin F2tv Synthesis

Studies in the guinea-pig showed that oestradiol administered

during the early part of the oestrous cycle caused a shortening of

the luteal phase and, thus, of the oestrous cycle (Choudary and

Greenwald, 1968 ; Bland and Donovan, 1968) . Blatchley, Donovan,

Horton and Poyser (1972) later showed this effect of oestradiol to be

due to its ability to bring about an early release of PGF2a from the

uterus. In addition, Joshi, Watson and Labhestwar (1973) showed that

the output of oestradiol from the guinea-pig ovary increased after

Day 10 of the cycle, immediately preceding the rise in uterine PGF2a

output on Day 11 (Blatchley et al., 1972; Earthy, Bishop and Flack,

1975) . A similar relationship between the release of ovarian

oestradiol and the subsequent increase in PGF2a output was also

demonstrated in the sheep (Barcikowski, Carlson, Wilson and

McCracken, 1974; Cox, Thorburn, Currie and Restall, 1974), pig

(Henricks, Guthrie and Handlin, 1972) and pseudopregnant rat

(Welschen, Osman, Dullaart, de Greef, Uilenbrook and de Jong, 1975).

These findings tended to suggest that oestradiol secreted by the

ovary may be the physiological stimulus for increasing PGF2a output

from the uterus.

Blatchley and Poyser (1974) treated ovariectomised guinea-pigs

with progesterone and/or oestradiol and subsequently monitored PGF2a

concentrations in the utero-ovarian venous plasma. These workers
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found that progesterone treatment resulted in a plasma PGF2a

concentration which was similar to the values observed between Days 3

and 10 of the oestrous cycle (Blatchley et al., 1972; Earthy et al.,

1975) . Oestradiol treatment resulted in a mean plasma PGF2a

concentration which was greater than that observed when progesterone

was administered alone, but in only two of the six animals were PGF2{X

concentrations elevated above the plasma PGF2a concentrations of

guinea-pigs treated with progesterone alone. However, animals which

were treated with progesterone for seven days followed by oestradiol

and progesterone for a further three days possessed increased uterine

venous plasma concentrations of PGF2a which were greater than those

observed for animals which had recieved oestradiol or progesterone

only. Hence, it was proposed that oestradiol acting on a

progesterone-primed uterus was the physiological stimulus for PGF2a

synthesis by and secretion from the uterus.

Subsequent investigations showed that this rise in uterine

PGF2a output observed in vivo, occurred without a concomitant rise in

PGE2 levels (Antonini, Turner and Pauerstein, 1976) . This finding led

Poyser (1983b) to examine the effects of progesterone and/or

oestradiol in vivo on the release of PGF2a, PGE2, and 6-keto-PGFla

from the uterus in vitro. In this study, Poyser (1983b) treated

ovariectomised guinea-pigs with progesterone and/or oestradiol and

measured the outputs of these three prostaglandins from uterine horns
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superfused in vitro, using radioimmunoassay. It was discovered that

progesterone treatment had no effect on the low output (0.1-

0.2ng/min/uterine horn) of these prostaglandins from the uterus,

whilst oestradiol treatment increased PGF2a output 7-fold, but

increased PGE2 and 6-keto-PGFla outputs only 1.7- and 2.9-fold

respectively. However, progesterone priming of the uterus prior to

oestradiol administration resulted in a further 2-fold stimulation of

PGF2a output without affecting the outputs of PGE2 and 6-keto-PGFla

compared to oestradiol treatment alone. This investigation,

therefore, demonstrated that not only was oestradiol acting on a

progesterone-primed uterus the optimum stimulus for increased PGF2a

secretion, but that this combination of ovarian hormones cause a

relatively specific stimulation of PGF2a output from the uterus.

Oxytocin has been shown to increase PGF2a output in a number of

species including the rat (Campos, Liggins and Seamark, 1980), rabbit

(Small, Gavagan and Roberts, 1978), goat (Cooke and Homeida, 1985)

and the cow (Wathes, Swann, Birkett, Porter and Pickering, 1983). In

the sheep, Roberts, Barcikowski, Wilson, Skarnes and McCracken (1975)

found that infusion of oxytocin into the uterine arterial supply

caused a marked rise in PGF2(X output from the uterus following

administration after Day 14 of the cycle. Furthermore, immunisation

of sheep against oxytocin was shown to delay luteal regression

(Sheldrick, Mitchell and Flint, 1980). Subsequently, other

investigators reported the stimulatory effect of oxytocin on the
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secretion of PGF2a from the sheep endometrium (Fairclough, Moore,

Peterson and Watkins, 1984; Sheldrick and Flint, 1986; Homanics and

Silvia, 1988). In the sheep the release of PGF2a occurs in pulses,

and 95% of all pulses of PGF2a are coincident with pulses of oxytocin

in cyclic sheep during luteolysis (Hooper, Watkins and Thorburn,

1986). However, oxytocin receptors of ovine endometrium only increase

after plasma progesterone levels have begun to fall, whence they rise

to reach near-peak levels during luteolysis; this is reflected in the

finding that the endometrium only becomes responsive to oxytocin

towards the end of the cycle, since progesterone appears to block the

increase in oxytocin receptors brought about by oestradiol (Roberts,

McCracken, Gavagan and Soloff, 1976; Sheldrick and Flint, 1985) .

Thus, it would appear that in the sheep oestradiol acting on a

progesterone-primed uterus causes an initial rise in endometrial

PGF2a output which is subsequently maintained by oxytocin.

Oxytocin failed to have any significant effect on the basal

output of PGF2a from the Day-7 or Day-15 guinea-pig uterus superfused

in vitro (Poyser and Brydon, 1983) . This hormone also failed to

stimulate PGF2a output from the guinea-pig endometrium maintained in

tissue culture for three days (Riley and Poyser, 1987b). These

findings suggest that oxytocin is not involved in the physiological

processes responsible for increasing PGF2a output from the uterus.

This suggestion is further supported by the fact that, whereas in the

sheep oxytocin-stimulated formation of the second messengers inositol
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trisphosphate (IP3) and diacylglycerol in the endometrium has been

associated with uterine PGF2a secretion, in the guinea-pig

stimulation of the PI cycle is not involved in the biochemical

processes leading to increased endometrial PGF2ct synthesis (Ning and

Poyser, 1984) . Thus, it would appear that the role played by oxytocin

in controlling uterine PGF2a output varies from species to species.

Progesterone has been shown to inhibit the basal and

oestradiol-stimulated output of PGF2a from the human endometrium

maintained in tissue culture (Abel and Baird, 1980; Schatz,

Markiewicz, Barg and Gurpide, 1985). Progesterone treatment has also

been demonstrated to attenuate the basal output of PGF2a from the

Day-7 (a day of low PGF2a output) and the Day-15 (a day of high PGF2a

output) guinea-pig endometrium sustained in organ culture (Leaver and

Seawright, 1982; Riley and Poyser, 1987b). However, in the guinea-

pig, there appears to be some controversy regarding the in vitro

effects of these ovarian hormones when comparing the actions of these

steroids on prostaglandin output from the superfused uterus and

cultured endometrium, since neither oestradiol nor progesterone had

any significant effect on the output of PGF2(X from the guinea-pig

uterus superfused in vitro (Poyser and Brydon, 1983; Poyser, 1987b).

Furthermore, observations made by Riley and Poyser (1987b) did not

support the conclusions of Leaver and Seawright (1982) that the in

vitro treatment of the guinea-pig endometrium, maintained in culture,

with oestradiol stimulates the output of
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PGF2a from this tissue. Indeed, Riley and Poyser (1987b) found that a

high concentration of oestradiol reduced the output of PGF2a from the

guinea-pig endometrium maintained in culture. Recent evidence tends

to suggest that these steroids bring about their inhibitory effects

through the inhibition of protein synthesis (Riley and Poyser, 1990).

Precisely how the endometrial production of prostaglandins is

dependent on increased endometrial protein synthesis will be

discussed later in section 1.4.3.

1.4.2 Effects of Ovarian Steroids on Prostaglandin 'Synthesising

Capacity'

In an early study, Poyser (1972) found that the amounts of

prostaglandins synthesised by homogenates of guinea-pig uterus,

following incubation in vitro, rose after Day 11 of the cycle with

substantially more PGF2a being produced than PGE2. Furthermore, the

amount of endogenous precursor (arachidonic acid) released from the

uterus during this homogenisation and incubation process was

independent of the day of the oestrous cycle (Mitchell, Poyser and

Wilson, 1977), which suggested that the lower synthesising capability

of the uterus before Day 11 of the cycle was not due to a lack of

substrate. By estimating the amounts of radiolabelled arachidonic

acid converted to prostaglandins by guinea-pig microsomes, Wlodawer,

Kindahl and Hamberg (1976) were able to confirm the earlier

suggestion by Poyser (1972) that the prostaglandin synthesising

activity in the guinea-pig uterus is highest at the end of the
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oestrous cycle. As described earlier in section 1.1.3, the PGH

synthase enzyme complex which catalysis the conversion of arachidonic

acid to PGH2 (the key intermediate in the biosynthesis of the

prostaglandins and thromboxanes) undergoes progressive inactivation

as this conversion proceeds. Therefore, the total amount of

prostaglandins synthesised by tissue homogenates (prostaglandin

'sythesising capacity') may be regarded as a reflection of the total

amount of PGH synthase present in the tissue. In this respect, Poyser

(1973) suggested that the elevated prostaglandin production levels

observed at the end of the cycle in the guinea-pig uterus may be

brought about by an increase in the amounts of PGH synthase present

in the tissue.

Naylor and Poyser (1975), using ovariectomised guinea-pigs

treated with oestradiol and/or progesterone, showed that oestradiol,

but not progesterone, increased the PGF2a synthesising capacity of

the uterus. This demonstration of the stimulatory effect of

oestradiol was later corroborated by Wlodawer et al. (1976) and by

Thaler-Dao, Ramonatxo, Saintot, Chaintreuil, and Crastes De Paulet

(1982) . Subsequently, in a comprehensive study carried out by Poyser

(1983a), the production of not only PGF2a but also PGE2 and 6-keto-

PGFla (the stable metabolite of PGI2) and TXB2 (the stable metabolite

of TXA2) by homogenates of endometrium, myometrium and whole uterus

from guinea-pigs on different days of the oestrous cycle, and from

ovariectomised animals treated with oestradiol and/or progesterone

were measured, following a 90min incubation period, using
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radioimmunoassay. This worker discovered that whilst prostaglandin

and thromboxane synthesis by the endometrium increased after Day 11

of the cycle, no such concomitant rise of these products was observed

in the case of the myometrium. More interestingly, between Days 7 and

15 of the cycle, the capacity of the endometrium to synthesise PGF2a,

PGE2, 6-keto-PGFla and TXB2 increased 2.3-, 2.2-, 1.4- and 1.2-fold,

respectively. Between Day 7 of the cycle and oestrus, the capacity of

the endometrium to produce PGF2(X, PGE2, 6-keto-PGF 1(J and TXB2

increased 4.4-, 3.0-, 1.6- and 1.3-fold, respectively. Thus, these

studies clearly demonstrated that in the guinea-pig the synthetic

capacity of the endometrium to synthesis prostaglandins and

thromboxanes increases after Day 11 of the cycle, with a preferential

stimulation of PGF2a synthesis. Moreover, whilst endometrial PGF2CC

production is elevated on Day 15 of the cycle, the capacity of the

endometrium to synthesis PGF2a only reaches a maximum at oestrus,

when plasma progesterone concentrations are low. Prostaglandin and

thromboxane production by the myometrium showed little variation

during the cycle, and the main prostaglandin synthesised by this

tissue was PGI2 (measured as 6-keto-PGFla) with smaller amounts of

PGF2a, PGE2 and TXB2 also being synthesised. In addition, changes in

the capacity of homogenates of whole guinea-pig uterus to synthesise

prostaglandins, generally reflected changes in the prostaglandin

synthesising capacities of homogenates of the endometrium. Overall,

these findings demonstrated that it was the endometrial layer of the
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uterus, and not the myometrium which was responsible for PGF2a

synthesis, and that the ovarian steroid hormones regulated the

synthesis of the uterine luteolytic hormone by targeting this tissue.

Poyser (1983a) found that whilst prostaglandin and thromboxane

synthesising capacities of the endometrium obtained from

ovariectomised guinea-pigs treated with progesterone were not

significantly different from the prostaglandin and thromboxane

synthesising capacities of the endometrium of control animals,

oestradiol treatment of ovariectomised guinea-pigs increased the

capacity of the endometrium to synthesise PGF2a, PGE2, 6-keto-PGFla

and TXB2 by 3.2-, 1.6-, 2.2- and 2.0-fold, respectively. Furthermore,

this worker discovered that even though the co-administration of

progesterone and oestradiol stimulated the PGF2a synthesising

capacity of the endometrium, this stimulatory effect was smaller than

that observed in animals which had been treated with oestradiol only,

and there was no stimulation of PGE2, 6-keto-PGFla or TXB2. Also, by

demonstrating that prostaglandin and thromboxane production by the

myometrium was unaffected by steroid treatment, Poyser (1983a)

further confirmed that the endometrium was the tissue which was

controlled by steroid hormones to synthesis PGF2ot. Overall, these

findings suggest that oestradiol brings about a general rise in

prostaglandin synthesising capacity of the endometrium by raising the

amount of PGH synthase present in this tissue, and that oestradiol

preferentially stimulates, by some means, the capacity of the
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endometrium to synthesise PGF2a- Moreover, progesterone seemed to

block these stimulatory effects of oestradiol on endometrial

synthesising capacity. It was concluded (Poyser, 1983a), therefore,

that the increase in endometrial synthesising capacity observed after

Day 11 of the cycle was caused by the increase in oestradiol output

from the ovary which takes place on Day 10 of the cycle (Joshi et

al., 1973) .

However, changes in endometrial PGH synthase concentrations can

not be the direct cause of changes in endometrial PGF20t output for

several reasons. Firstly, PGF2a output from the guinea-pig uterus

increases 22-fold, whereas endometrial PGH synthase concentrations

increase only 2.5-fold between Days 7 and 15 of the cycle (Poyser and

Brydon, 1983; Poyser, 1983a) . Furthermore, oestradiol causes a

maximum increase in endometrial PGH concentration, an effect which is

reduced by progesterone (Poyser, 1983a) . However, oestradiol causes

only a small release of PGF2a from the guinea-pig uterus, and

progesterone priming is needed for oestradiol to produce a large

release of PGF2a (Poyser, 1983b). Clearly, therefore, the PGF2a

synthesising capacity of the endometrium is not the main factor

regulating uterine PGF2a synthesis and output during the oestrous

cycle.
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1.4,3 Dependence of Steroid-Stimulated Uterine Prostaqlandin_F2a

Output on Fresh Protein Synthesis

In the guinea-pig, the evidence indicates that oestradiol,

which is released from the ovary in increasing amounts after Day 10

of the oestrous cycle, acting on a uterus which has been exposed to

progesterone for seven days is the physiological stimulus responsible

for bringing about the relatively specific increase in PGF2a output

from the endometrium after Day 11 of the cycle (Poyser, 1983b) .

However, this finding raises one major question: by what means do

these ovarian hormones carry out their intracellular regulation of

prostaglandin synthesis?

In many tissues, including the uterus, steroids have been shown

to act via the stimulation of protein synthesis (Brenner and West,

1975). The importance of protein synthesis in the control of PGF2a

production was demonstrated in an early study carried out by French

and Casida (1973). These workers discovered that the administration

of actinomycin D, an inhibitor of DNA-dependent RNA synthesis, into

the uterine lumen of the sheep on Day 11 of the oestrous cycle

prevented luteal regression. Also, Poyser (1979) demonstrated that

the intra-uterine, but not systemic, administration of actinomycin D

(40|lg) to guinea-pigs on Day 10 of the cycle extended their oestrous

cycle length by two-fold. These prolonged cycles were suggested as

being due to an extended presence of the corpus luteum, since plasma

progesterone concentrations were seen to remain elevated throughout

the duration of these cycles. However, in neither this sheep (French
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and Casida, 1973) nor guinea-pig (Poyser, 1979) study were direct

measurements taken of uterine PGF2ot output following the intra¬

uterine administration of actinomycin D. Thus, Poyser and Riley

(1987) examined the effects of this protein synthesis inhibitor on

the production of prostaglandins by the guinea-pig uterus. These

workers showed that the intra-uterine administration of actinomycin D

on Day 10 of the cycle reduced the outputs of PGF2a and PGE2, but not

of 6-keto-PGFla, from the Day-15 uterus superfused in vitro, and

extended the oestrous cycle length (Poyser and Riley, 1987). Riley

and Poyser (1989) also showed that the outputs of PGF2a, PGE2 and 6-

keto-PGFla from both the Day-7 and the Day-15 guinea-pig endometrium,

maintained in culture, were reduced by the inclusion of protein

synthesis inhibitors (i.e. actinomycin D, cycloheximide and

puromycin) in the culture medium, with the output of PGF2a from Day-

15 endometrium being particularly affected during the first 6h of

culture.

Since, for reasons explained earlier (see section 1.4.2),

changes in endometrial PGF2a synthesising capacity are not the direct

cause of changes in PGF2a output from the guinea-pig endometrium, the

supply of arachidonic acid and not changes in PGH synthase

concentrations must be the rate-limiting step in endometrial

prostaglandin synthesis. However, the supply of arachidonic acid is

independent of changes in the endometrial concentrations of PLA2
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because the amounts of PLA2 present in the guinea-pig endometrium are

more than sufficient to account for the amounts of PGF2a synthesised

on Day 7 and Day 15 of the cycle (Downing and Poyser, 1983).

Previous studies have identified several steroid-dependent

uterine secretory proteins which may be involved in regulating

endometrial PLA2 activity and, therefore, prostaglandin production.

In the next section, therefore, the role of these proteins in

controlling prostaglandin synthesis in the uterus will be reviewed.

^£i^^2^=§^^X£X==M^========^—===^==^=^======^=M=^=
Controlling Prostaglandin Synthesis by the Uterus

1.4.4.i. Uterine Secretory Proteins: A General Overview

There have been many reports documenting the fact that, in a

variety of species, the uterine endometrium is active in secretion,

that the proteins in these secretions may be different from those in

plasma, and that the temporal patterns of protein synthesis are

probably correlated with circulating steroid hormone concentrations.

However, few uterine secretory proteins have been purified or

characterised, and there has been considerable speculation as to what

the roles of these proteins might be (for review, see Roberts and

Bazer, 1988) .

Secretions obtained from the progesterone dominated uterus of

the pig contain a diverse group of proteins which are synthesised by

the endometrium in response to progesterone. At Day 15, which marks

the end of the luteal phase of the oestrous cycle in this species, up
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to 50mg of protein can be recovered per uterine horn, compared to

only less than 8mg per uterine horn during the early stages of the

cycle, and the flushings are purple in colour due to the presence of

uteroferrin (Murray, Bazer, Wallace and Warnick, 1972) . Uteroferrin

(35kDa) is the most abundant of the protein components present in pig

uterine secretions, accounting for as much as 15% of the total

(Roberts, Raub and Bazer, 1986). The name uteroferrin was originally

coined because of evidence that the protein was involved in iron

metabolism within the pregnant uterus (Roberts and Bazer, 1980).

Roberts et al. (1986) have suggested that uteroferrin serves as an

intermediary in the transport of iron from the maternal uterine

endometrium to the conceptus. Another group of proteins which may

play a nutritional role in the pig uterus are the retinol-binding

proteins which have recently been purified from porcine uterine

secretions, and which have been suggested to play a role in vitamin A

transport to the foetus (Clawitter, Trout, Burke, Araghi and Roberts,

1990). Other functions of uterine proteins may include antibacterial,

antiviral or immunoprotective activities (Roberts and Bazer, 1988) .

Uterine secretions of the cow, pig and ewe have also been shown to

inhibit the incorporation of [3H]-thymidine into mitogen-stimulated

lymphocytes and into mixed lymphocyte cultures, two common tests that

supposedly indicate immunosuppression (Roberts, 1977; Murray,

Segerson and Brown, 1978; Segerson, 1981; Hansen, Segerson and Bazer,

1987) .
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1.4.4.ii. Prostaalandin-Regulatory Uterine Proteins

One of the first of this category of proteins to be identified

was blastokinin (Krishnan and Daniel, 1967) or uteroglobin (Beier,

1968) which is a low molecular weight (15kDa) progesterone-induced

protein. This protein was originally discovered to be secreted by the

rabbit uterus between Days 3 and 9 of gestation. Furthermore, during

early pregnancy, this protein was shown to represent approximately

30-40% of the total uterine proteins secreted (Janne, Isomma,

Torkkeli, Isotalo and Kapu, 1983) . Levin, Butler, Schumacher,

Wightman and Mukherjee (1986) reported that uteroglobin, obtained

from rabbits primed with human chorion gonadotropin, inhibited PLA2

derived from porcine pancreas as well as from the RAW26407 macrophage

cell line. These workers suggested that progesterone reduced

prostaglandin levels in the uterus by stimulating the synthesis of

this protein which, by inhibiting PLA2, reduced the release of

arachidonic acid available for prostaglandin synthesis. Subsequently,

other workers also demonstrated this protein to be a potent PLA2

inhibitor (Miele, Cordella-Miele and Mukherjee, 1987).

In the human, endometrial proteins induced by reproductive

hormones have previously been reported by many investigators

(Bernstein, Aladjen and Chen, 1971; Shapiro and Forbes, 1978; Joshi,

Henriques, Smith and Szarowski, 1980; Strinden and Shapiro, 1983;

Bell, Patel, Kirwan and Drife, 1986). Cowan, North, Whitworth,

Fujita, Schumacher and Mukherjee (1986) surveyed the endometrial

washings of 18 women at different stages of the menstrual cycle for

uteroglobin-like antigens, by using a radioimmunoassay specific for
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rabbit uteroglobin, and found that such an antigen was detectable in

large amounts during the early and mid-luteal phases of the menstrual

cycle. In a more recent study, Kikukawa, Cowan, Tejada and Mukherjee

(1988), using biochemical, immunological and immunohistological

techniques, showed this uteroglobin-like antigen to be more abundant

in mid-luteal endometrium than in tissue obtained at any other phase

of the menstrual cycle. Furthermore, these workers found that the

level of this uteroglobin-like protein in the uterus was inversely

related to the endometrial levels of several prostaglandins including

PGF2a, which indicated that this human uteroglobin-like protein may

be involved in modulating prostaglandin levels in this organ

(Kikukawa et al., 1988) . Kikukawa et al. (1988) proposed that since

in the human progesterone has been shown to inhibit endometrial PGF2a

synthesis (Abel and Baird, 1980; Schatz et al., 1985; Markiewicz,

Schatz, Barg and Gurpide, 1985), and that this uteroglobin-like

protein was predominantly present in mid-luteal endometrium, then

progesterone may exert some of its inhibitory effects via a

uteroglobin-like protein. Gurpide, Markiewicz, Schatz and Hirata

(1986) reported that lipocortin (DiRosa, Flower, Hirata, Parente and

Russo-Marie, 1984), another PLA2 inhibitory protein, is also secreted

by the human endometrium in organ culture. The synthesis of this

protein was stimulated by dexamethasone and inhibited by

progesterone, although progesterone also reduced PGF2a levels.

However, it would appear that lipocortin is biochemically and

genetically distinct from uteroglobin (Miele et al., 1987; Kikukawa
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et al., 1988). Thus, it was suggested that there may be at least two

PLA2 regulatory systems operating in the human endometrium: one

regulated by corticosteroids (i.e. by lipocortin) and another

regulated by progesterone (i.e. by a uteroglobin-like protein).

As stated earlier (see section 1.3.3), the stimulation of

endometrial PGF2a synthesis in the guinea-pig requires intracellular

and extracellular calcium (Riley and Poyser, 1987a). Poyser (1984b)

suggested that "oestradiol stimulates the synthesis in the

endometrium of a calcium-mobilising protein which, on a uterus primed

with progesterone, causes the influx of extracellular calcium and/or

release of intracellular calcium". The increase in intracellular

calcium concentration was suggested to subsequently activate PLA2,

possibly through an interaction with the calcium-binding protein

calmodulin (Poyser, 1985a, b; Riley and Poyser, 1987a). Since protein

synthesis inhibitors block endometrial prostaglandin output on both

Days 7 and 15 of the cycle in the guinea-pig (Riley and Poyser,

1989), it may be that such a calcium-mobilising protein occurs

throughout the cycle. In addition, Riley and Poyser (1989) showed

that the synthesis of secreted proteins but not of cellular proteins

was greater by Day-15 than by Day-7 endometrium in culture, and that

protein synthesis inhibitors were able to block the in vitro

synthesis of both these cellular and secreted proteins. Thus, it is

possible that not only the synthesis but also the secretion of such a

calcium-mobilising protein is stimulated following the increased

release of oestradiol from the ovary on Day 10 of the cycle (Joshi
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et al., 1973) . Moreover, it would appear that, from Day 11, the

arachidonic acid released is directed in the PGF2a-forming pathway.

Consequently, the amount and character of proteins synthesised and

secreted by the guinea-pig endometrium during stages of high and low

endometrial PGF2a output must be examined. Furthermore, studies need

to be performed to investigate how the ovarian steroid hormones

control the synthesis and secretion of endometrial proteins.

1.5 THE EFFECTS OF PREGNANCY AND THE CONCEPTUS ON UTERINE

PROSTAGLANDIN OUTPUT

In the non-pregnant guinea-pig, the utero-ovarian venous plasma

concentrations of PGF2a and oestradiol increase, and progesterone

concentrations decrease between Days 12 and 15 of the oestrous cycle

(Blatchley, Maule Walker and Poyser, 1975a). However, if the guinea-

pig becomes pregnant, increased PGF2a release into the uterine venous

drainage after Day 11 does not occur (Blatchley et al ., 1975a, b;

Antonini et al. , 1976); consequently, progesterone concentrations

remain elevated. In Day-15 unilaterally pregnant guinea-pigs, the

concentration of PGF2a (mean ± s.e.mean) in the utero-ovarian venous

plasma on the non-pregnant side was greater than on the pregnant side

(6.1±1.8 vs 2.7±0.3ng/ml; Poyser, 1984c). These values compared with

the corresponding concentrations of 15.1±3.6ng/ml and 3.1±0.1ng/ml in

Day-15 non-pregnant and Day-15 bilaterally pregnant guinea-pigs,

respectively (Blatchley et al., 1975a, b). Oejtradiol concentrations
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(mean ± s.e.mean) in the utero-ovarian venous plasma of Day-15

unilaterally pregnant guinea-pigs were 461±78pg/ml on the pregnant

side and 699±248pg/ml on the non-pregnant side (Poyser, 1984c). The

corresponding oestradiol concentrations for Day-15 non-pregnant and

Day-15 bilaterally pregnant guinea-pigs were 1281+287pg/ml and

188±36pg/ml, respectively (Blatchley et al. , 1975a, b) . Progesterone

output was well maintained from both ovaries in unilaterally pregnant

guinea-pigs and in bilaterally pregnant guinea-pigs on Day 15 of

gestation, but had fallen in Day-15 non-pregnant guinea-pigs

(Blatchley et al. , 1975a, b; Poyser, 1984c) . Poyser ( 1984b) also

showed that the output of PGF2a from the guinea-pig uterus superfused

in vitro was much lower on Days 7 and 15 of pregnancy than on the

corresponding days of the cycle. This finding demonstrated that the

lack of increase in the concentration of PGF2a in the uterine venous

plasma after Day 11 of pregnancy was due to a lack of increase in

endometrial PGF2a synthesis and release rather than due to a

redirection of PGF2a secretion from the venous drainage into the

uterine lumen as has previously been proposed for the pig (Bazer and

Thatcher, 1977).

Poyser (1984b) suggested that the guinea-pig conceptus may

secrete an anti-luteolytic agent after about Day 10 of pregnancy,

which prevents the rise in PGF2a output normally seen on Day 11 of

the cycle if the animal were not pregnant. This proposal is supported

by the fact that the conceptuses of several other species possess
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luteoprotective properties. Thus, in an early study, Rowson and Moor

(1967) showed that the daily injection of homogenates of Day-14 or

Day-15 conceptuses into the uterine lumen of cyclic ewes prolonged

the oestrous cycle, whilst Day-25 conceptus homogenates or heat-

treated, whole Day-12 or Day-14 blastocysts had no effect. In similar

experiments Martal, Lacroix, Loudes, Saunier and Wintenberger-Torres

(1979) discovered that, whilst the intrauterine injection of Day-14

and Day-15 conceptus homogenates and extracts in sheep prolonged the

life-span of the corpus luteum, Day-21 to Day-23 material did not, in

general, do so. Again, the anti-luteolytic activity of Day-14 to Day-

16 blastocysts appeared to be heat-labile and inactivated by

proteases. Similarly, in the cow, twice daily intrauterine injections

of Day-17 and Day-18 conceptus homogenates (Northey and French, 1980)

or freeze-killed Day-16 conceptuses (Dalla Porta and Humboldt, 1983)

on Days 14 to 18 or Days 15 to 19 of the cycle extended corpus luteal

function for 4 to 8 days, but injection of Day-12 conceptus

homogenate was without effect on corpus luteal life-span. These

findings suggested that proteinaceous products from the conceptus may

play a role in the events leading to the establishment of pregnancy,

and that the appearance or action of the products occurs during a

short but critical time during early pregnancy.

These above observations in both the sheep and the cow raised

the question of whether or not conceptuses in these species produce

specific proteins that might be considered to have anti-luteolytic

properties. In the sheep this question was examined by Wilson, Lewis

and Bazer (1979) who found three closely related isoelectric species
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with molecular weights initially estimated at 25kDa±2kDa by two-

dimensional polyacrylamide gel electrophoresis (PAGE), and 20kDa by

Sephadex G-200 gel filtration chromatography. Godkin, Bazer, Moffatt,

Sessions and Roberts (1982b) later showed these proteins described by

Wilson et al. (1979) to have molecular weights of 17kDa and pis of

between 5.3 and 5.7, and named them ovine trophoblast protein-1 (oTP-

1) . Subsequently, several workers showed that the infusion of oTP-1

into the uterine lumen of cyclic ewes extended the luteal life-span

(Godkin, Bazer, Thatcher and Roberts, 1984; Vallet, Bazer, Fliss and

Thatcher, 1988; Davis and Ott, 1989) . oTP-1 appears to be related to

the a-interferons. Stewart, McCann, Barker, Lee, Lamming and Flint

(1987) showed that human a-interferon combined with the same binding

site as oTP-1 in the sheep endometrium. Moreover, human a-interferon

attenuated the output of PGF2a and PGE2 from cultured endometrial

cells obtained from ovariectomised sheep which had been treated with

oestradiol and progesterone (Salamonsen, Stuchbery, 0'Grady, Godkin

and Findlay, 1988). Also, the amino acid sequence of oTP-1 has been

shown to possess a high degree of homology with the amino acid

sequence of the a-interferons (Imakawa, Anthony, Kazemi, Marotti,

Polites and Roberts, 1987; Charpigny, Reinaud, Huet, Guillomot,

Charlier, Pernollet and Martal, 1988; Stewart, McCann, Northrop,

Lamming and Flint, 1989). In the case of the cow, Bartol, Roberts,

Bazer, Lewis, Godkin and Thatcher (1985a) found that the major

proteins secreted by the conceptus between Days 16 and 24-27 of

gestation had molecular weights of between 22-26kDa and pis of
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between 5.6-6.8. These bovine conceptus secretory proteins were

subsequently shown to attenuate the release of PGF2(X from the

endometrium (Knickerbocker, Thatcher, Bazer, Barron and Roberts,

1986; Knickerbocker, Thatcher, Bazer, Drost, Barron, Fincher and

Roberts, 1986). Recently, Helmer, Hansen, Thatcher, Johnson and Bazer

(1989a) found that the intrauterine infusion of highly purified

bovine trophoblast protein-1 (bTP-1) complex, which represents a

major component of the conceptus secretory proteins in this species

(Bartol et al. , 1985a; Helmer, Hansen, Anthony, Thatcher, Bazer and

Roberts, 1987) and is immunologically related to oTP-1 (Helmer et

al., 1987), extended luteal function in cyclic cattle. From these

observations, Helmer et al. (1989a) suggested bTP-1 to be the anti-

luteolytic agent of early pregnancy in the cow.

Therefore, whether or not the anti-luteolytic factor secreted

during early gestation by the guinea-pig conceptus (Poyser, 1984b) is

related to those secreted by the sheep and cow conceptus requires

examination. Furthermore, since as stated previously (see section

1.4.4. (ii) ), the physiological stimulus responsible for increasing

PGF2cc output from the guinea-pig endometrium involves the synthesis

and possibly the secretion of a protein responsible for activating

PLA2 and so PGF2(X production, the composition and character of

proteins secreted by the endometrium of pregnant guinea-pigs must be

investigated to determine how the protein profiles of these pregnant

animals compare with the protein profiles of guinea-pigs with

different prostaglandin statuses.
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1■6 EXPERIMENTAL AIMS

Evidence indicates that oestradiol acting on a progesterone-

primed uterus is the optimum stimulus for increasing the output of

the luteolytic hormone PGF2a from the guinea-pig uterus. This hormone

combination has been suggested to 'switch on' uterine PGF2(x synthesis

and secretion via the stimulation of the synthesis and possibly the

secretion of a protein which may act by increasing free intracellular

calcium concentrations. PLA2 is then activated by the calcium to

release arachidonic acid which is then metabolised predominantly into

PGF2a. The work presented in this thesis has, therefore, investigated

the profiles and quantities of proteins secreted by the endometrium

of pregnant and non-pregnant guinea-pigs in vitro, and the possible

mechanisms involved in their synthesis and secretion, in relation to

endometrial PGF2a production and luteolysis.

The conceptuses of several species produce secretory proteins

during early pregnancy which protect the corpus luteum from the

luteolytic effects of PGF2a. During early pregnancy, the guinea-pig

conceptus also secretes an anti-luteolytic factor. Therefore, whether

this anti-luteolytic agent is related to the luteoprotective proteins

described in the other species has been investigated by examining the

profile of proteins secreted in vitro by the guinea-pig conceptus

removed during early pregnancy.
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SECTIOH 2

BSATEMIAIuS MP SEIfEE&L METHODS

2.1 INTRODUCTION

The work presented in this thesis has involved the quantitative

and qualitative assessment of proteins secreted by the guinea-pig

endometrium and conceptus maintained in culture. Proteins harvested

from these cultures were initially screened for total amounts of

protein present using colourimetry and were then assayed for their

degree of [3H]-leucine incorporation, this second procedure being

regarded as an indication of the total amount of newly synthesised

protein present. [3H]-Glucosamine incorporation was also studied in

some cases to assess degrees of glycosylation present in endometrial

proteins. In all cases of labelling proteins with radioactivity,

liquid scintillation was used as the means of detection and

measurement. All proteins", except for those of the conceptus, were

subsequently subjected to affinity chromatography to remove the main

protein contaminant, albumin, prior to analysis by gel

electrophoresis and liquid chromatographic methods. As many of the

analytical procedures are common to the various experiments carried

out in the next 'EXPERIMENTS' section, the details of these

procedures are given in this section.
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2 . 2 MJVT|y*IALJ|

2.2.1 Solvents

Absolute ethanol - J. Boroughs., London, UK

Acetic acid (Analar) - BDH Chemicals Ltd., Poole, UK

2-Ethoxyethanol (reagent grade) Fisons P.L.C., Loughborough, UK

Methanol (Analar) - Rathburn Chemicals Ltd., Walkerburn, UK

Toluene (reagent grade) - May and Baker Ltd., Dagenham, UK

2.2.2 Radioactive Compounds

L-[4,5-3H]Leucine (specific activity 122 to 186 Ci/mmol)

D-[6-3H]Glucosamine (specific activity 32 Ci/mmol)

Both compounds were purchased from Amersham International

Ltd.,Cardiff, UK. Stock solutions were stored at 4°C.

2.2.3 Protein Molecular Weight Marker Kits

i. Gel filtration marker kits

MW-GF-70 Kit for molecular weight range 6.5-66kDal.

MW-GF-200 Kit for molecular weight range 12-200kDal.

MW-GF-1000 Kit for molecular weight range 29-700kDal.

All kits were purchased from the Sigma Chemical Co., Poole, UK

and were stored at -20°C until required.

ii• Gel electrophoresis (SDS-PAGE) marker kit

Low Molecular Weight (LMW) Electrophoresis Calibration Kit with

molecular weight range 14.4-94kDal.

Purchased from Pharmacia LKB Biotechnology Ltd., Milton Keynes,

UK, and stored at —20°C until required.
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2.2.4 Protein Separation Materials

i. Affinity chromatography

Blue Sepharose™ CL-6B (supplied as a powder) - Pharmacia LKB

Biotechnology Ltd., Milton Keynes, UK

ii. Gel filtration chromatography

Sephadex™ G-75SF (supplied as a powder) - Pharmacia LKB

Biotechnology Ltd., Milton Keynes, UK

Sephacryl™ S-200HR (supplied pre-swollen) - Pharmacia LKB

Biotechnology Ltd., Milton Keynes, UK

Sephacryl™ S-300HR (supplied pre-swollen) - Pharmacia LKB

Biotechnology Ltd., Milton Keynes, UK

Columns PD-10™ (prepacked columns containing Sephadex™ G-25) -

Pharmacia LKB Biotechnology Ltd., Milton Keynes, UK

iii- Ion exchange chromatography

DEAE-Sepharose™ CL-6B (supplied pre-swollen) Sigma Chemical

Co., Poole, UK

CM-Sepharose™ CL-6B (supplied pre-swollen) Sigma Chemical Co.,

Poole, UK

iv. Gel electrophoresis (SDS-PAGE)

N'N'-Methylene bis-acrylamide - Fisons P.L.C., Loughborough, UK

Polyacrylamide - Fisons P.L.C., Loughborogh, UK

Both of the above compounds were of electrophoretic grade.
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2.2.5 Chemicals and Compounds

Ammonium persulphate - Sigma Chemical Co., Poole, UK

Amphoteracin B (Fungizone™) - Flow labs., Irvine, UK

Arachis oil - BDH Chemicals Ltd., Poole, UK

Bovine serum albumin - Sigma Chemical Co., Poole, UK

Bromophenol Blue - Sigma Chemical Co., Poole, UK

Coomassie Blue-R - Sigma Chemical Co., Poole, UK

Copper sulphate (hydrated) - BDH Chemicals Ltd., Poole, UK

2,5-Diphenyloxazole (PPO) - BDH Chemicals Ltd., Poole, UK

Disodium hydrogen phosphate - BDH Chemicals Ltd., Poole, UK

EDTA (disodium salt) - Sigma Chemical Co., Poole, UK

Folin's phenolic reagent - BDH Chemicals Ltd., Poole, UK

Formic acid - BDH Chemicals Ltd., Poole, UK

Glutamine - Flow Labs., Irvine, UK

Glycerol - Sigma Chemical Co., Poole, UK

Glycine -BDH Chemicals Ltd., poole, UK

Hydrochloric acid (HC1) - Fisons P.L.C., Loughborough, UK

Kanamycin - Flow Labs., Irvine, UK

Medium 199 (modified) with Earle's salts - Flow Labs., Irvine,

UK

Midazolam (Hypnoval™) - Roch Products Ltd., Welwyn Garden

City, UK

Naloxone (Narcan™) - Du Pont (UK) Ltd., Stevenage, UK

17p-0estradiol - Sigma Chemical Co., Poole, UK

Potassium chloride - Fisons P.L.C., Loughborogh, UK

Progesterone - Sigma Chemical Co., Poole, UK
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Sodium azide - BDH Chemicals Ltd., Poole, UK

Sodium carbonate - BDH Chemicals Ltd., Poole, UK

Sodium chloride - BDH Chemicals Ltd., Poole, UK

Sodium chloride sterile solution (9g/l) - Boots Co. Ltd.,

Nottingham, UK

Sodium dihydrogen phosphate - BDH Chemicals Ltd., Poole, UK

Sodium dodecyl sulphate (SDS) - Sigma Chemical Co., Poole, UK

Sodium fluoride - BDH Chemicals Ltd., Poole, UK

Sodium hydroxide - BDH Chemicals Ltd., Poole, UK

Sodium potassium tartrate - BDH Chemicals Ltd., Poole, UK

N,N,N ' ,N'-Tetramethylethylenediamine (TEMED) - BDH Chemicals

Ltd., Poole, UK

Trichloroacetic acid (TCA) - BDH Chemicals Ltd., Poole, UK

Tris(hydroxymethyl)-methylamine - BDH Chemicals Ltd., Poole, UK

2.2.6 Media Composition

i . Tissue culture medium

The medium used for culturing all tissues was that first

developed by Morgan, Morton and Parker (1950) namely Medium 199

supplemented with Earle's salts. Medium 199 is composed of a

synthetic mixture of amino acids, vitamins, minerals, inorganic salts

and organic supplements. The addition of Earle's salts or Earle's

balanced salt solution to this medium is crucial as it is this

synthetic mixture of inorganic salts supplemented with glucose which

forms the life sustaining basis of the medium. The functions of this

salt solution in Medium 199 are:
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(a) maintenance of pH - sodium bicarbonate (26mM) dissociates in

solution to act as a buffer.

(b) maintenance of osmotic pressure.

(c) source of energy - provided by glucose

The constituents of Medium 199 (modified) are shown in Table

2.2.6.i. One important component of the medium, glutamine, which is

an essential factor for stromal viability and good epithelial

preservation (see Kaufman, Adamec, Walton, Carney, Melin, Genta,

Mass, Dorman, Rodgers, Photopulos, Powell and Grisham, 1980), is not

stable above 0°C. Therefore the culture medium was stored at 4°C and

glutamine was added when required. As the medium was susceptible to

bacterial and fungal growth, antibiotics and fungicides were added to

prevent this. Thus using asceptic techniques, Medium 199 (modified)

was made up under sterile conditions as shown below:

to 500ml Medium 199 (modified) the following were added -

glutamine (200mM; 4ml)

amphoteracin.' B (Fungizone™) (250(ig/ml; 3ml)

kanamycin (5mg/ml; 3ml)

The above compounds were subsequently restored at -20°C. After

mixing, the medium was dispensed into sterile 25ml storage bottles

and stored at -20°C until required.
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Table 2 . 2 . 6.i

Composition of Medium 199 modified with Earle's salts

199 with 199 with
Earle's Earle's
Salts Salts

Ingredients mg/litre Ingredients mg/litre

L-Alanine 25.00

L-Arginine HC1 70.00

L-Aspartic acid 30.00

L-Cysteine HC1 0.0987

L-Cystine
disodium salt 23.66

L-Glutamic acid 66.82

L-Glutamine 100.0

Glutathione 0.05

Glycine 50.00

L-Histidine HC1.H20 21.88
L-Hydroxyproline 10.00

L-Isoleucine 20.00

L-Leucine 60.00

L-Lycine HC1 70.00
L-Methionine 15.00

L-Phenylalanine 25.00
L-Proline 40.00

L-Serine 25.00

L-Threonine 30.00

L-Tryptophan 10.00

L-Tyrosine
disodium salt 49.72

L-Valine 25.00

L-Ascorbic acid 0.05

Biotin 0.01

Calciferol 0.10

D-Calcium pantothenate 0.01
Choline chloride 0.5

Folic acid 0.01

i-Inositol 0.05

Menaphthone sodium
bisulphite 3H20 0.019
Nicotinic acid 0.025

Nicotinamide 0.025

p-Aminobenzoic acid 0.05

Pyridoxal 0.025

Pyridoxine HC1 0.025

Riboflavin 0.01

Thiamin HC1 0.01

DL-a Tocopherol phosphate
disodium salt 0.01

Vitamin A acetate 0.1147

CaCl2.2H20 264.9
Fe(N03)3.9H20 0.10
KC1 400.0

kh2po4

MgS0i5.7H20 200.0
NaCl 6800

NaHC03 2200
NaH2P04.2H20 158.3
Na2HP04
Adenine sulphate 10.00

5-amp 0.20

atp disodium salt 10.00

Cholesterol 0.20

2-Deoxyribose 0.50
D-Glucose 1000

Guanine HC1 0.30

Hypoxanthine 0.30
D-Ribose 0.50

Sodium acetate 36.71

Phenol red sodium salt 17.00

Thymine 0.30
Tween 80 5.00

Uracil 0.30

Xanthine 0.30



ii. Scintillation fluid

Scintillation fluid for the measurement and monitoring of [3H]-

leucine and [3H]-glucosamine in incorporated proteins was made up

consisting of:

Toluene - 1.51

2-Ethoxyethanol - 900ml

2,5-Diphenoxyloxazole (PPO) - 10.5g

2.2.7 Gases

95% air and 5% C02

95% 02 and 5% C02

All gases were supplied by British Oxygen Co. Ltd., Guildford,

UK

2.2.8 gi^E2j^^l^W^£e^

Petri dishes (vented, 5cm diameter) - Steriline Ltd.,

Teddington, UK

Plastic 'test and centrifuge' tubes (3ml) - Sarstedt Ltd.,

Leicester, UK

Miniature polyethylene scintillation vials (6ml) - Packard, BK

Groningen, the Netherlands

Micropipette tips - L.I.P. Ltd., Shipley, UK ; Gilson,

Villiers-le-Bel, France
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2.3 METH£D£

2.3.1 Procurement Of Proteins

i. Animals used

Female guinea-pigs weighing between 0.5 - 1.0kg were examined

daily and a vaginal smear was taken when the vaginal membrane was

open. The first day of the oestrous cycle was taken as the day before

the post ovulatory influx of leucocytes when cornification was

maximal (Nicol and Snell, 1954). All animals underwent at least two

normal cycles before being used for any kind of experiment. In

experiments involving pregnant animals, the guinea-pig was placed in

a cage together with a mature male until insemination had taken

place. This was monitored by taking daily vaginal smears such that

the day on which sperm were seen in the smear was taken as the first

day of pregnancy. Animals were housed in a 14h light lOh dark cycle

and recej ved a standard diet of RGP pellets (Labsure, Manea, UK) ,

hay, vegetables and water supplemented with ascorbic acid.

Each guinea-pig was killed by stunning followed by incision of

the neck. The uterus was rapidly removed and placed in sterile

culture medium prior to being cultured by the methods described

below.

ii. Preparation of tissue for culture

The technique used to culture the tissues used in the various

experiments is based upon that described by Baker and Neal, (1969)

for ovarian tissue. Since that time, several groups of workers have

contributed towards the development of this technique for the culture

of endometrial tissue (Abel and Baird, 1980; Leaver and Seawright,
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1982; Ning et al., 1983).

The preparation of endometrium for culture involved strict

adherance to the use of djeptic techniques throughout the procedure.

Thus all tools and materials used were sterile, and the manual

procedures were performed under a 'Microflow hood'. Endometrial

tissue was cut away from the myometrium using fine scissors. The

myometrium was subsequently discarded and the endometrium was cut

into small pieces (1 - 2mm3) which were placed onto lens paper lying

across a stainless steel grid in a vented petri dish (see Figure

2.3.1.ii) . The dish contained 4ml Medium 199 (modified) together with

any other compounds according to the nature of the experiment. Such a

set up allowed the tissue to be held above the medium but allowed

medium to be readily available to the tissue by capillary action

through the lens paper. The amount of tissue placed in each dish

varied between 40 - 80mg and the number of dishes prepared again

depended on the nature of the experiment. Conceptuses were also

cultured using this technique,

iii. Tissue culture conditions

Petri dishes were placed into racks which were in turn placed

into modified Kilner jars. The jars were then pressurised

(0.7kg/cm~2) with a 1:1 gas mixture of air/C02 (95%:5%) and

oxygen/C02 (95%:5%) and incubated at 37°C for 24h.
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Figure 2.3.1.ii

Apparatus used to culture guinea-pig endometrium and conceptus

tissues. Details of conditions present during culture are given in
section 2.3.1.ii.



As diffusion is the means by which tissues in culture recji ve

oxygen, high levels of this gas are included to overcome problems of

diffusion relative to tissue size. The small amount of C02 present is

necessary to set up a C02/HC03_ buffer system to maintain the pH of

the medium at 7.4. Without this C02 component of the gas mixture and

under the conditions of temprature and pressure to which the medium

is subjected, the amount of C02 dissolved in solution would be

extremely small. The behaviour of C02 in solution is described by the

reaction:

H20 + C02 ^ pr H2C03 ^ r H+ + HC03~

The equilibria in the above equation both lie far to the left

of the equation thus making the proton concentration very low.

Consequently under the conditions given above, the overwhelming HC03~

ion concentration present in the media from the dissociation of the

sodium bicarbonate would rapidly raise the pH of the solution. Were

such an increase in the pH of the medium to occur., it would be

indicated by a change in the colour (pjpnol red) of the medium from

red to purple, signalling the presence of toxic conditions,

iv. Tissue viability

Histological examination previously carried out in this

laboratory has shown that guinea-pig endometrium remains viable

during tissue culture periods of up to 72h (Leaver and Seawright,

1982). Hence the tissue culture procedure is more than adequate for

normal maintenance and survival of endometrium up to 24h, the only
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time period used in the studies presented in this thesis.

v. Harvesting of proteins from culture

A two step method for the isolation and purification of

proteins secreted into culture was used which involved an initial

dialysis stage followed by a Mesalting' stage. All procedures were

carried out at 4°C.

(a) Dialysis and lyophilization of culture medium :

Pooled culture medium was placed into dialysis tubing and

dialysed against 20 litres of 2mM Tris-HCl, pH 8.2 (4 x 51 buffer

exchanges) over a period of 48h. The medium was then lyophilized

(freeze-dried) in preparation for desalting.

(b) Desalting of lyophilizate :

Prepacked columns containing 9.1ml Sephadex G-25 swollen gel

resin (Columns PD-10™) were equilibrated with 25ml distilled water.

The freeze-dried material was then dissolved into 2.5ml distilled

water and placed onto the gel bed of the column. The dissolved

protein solution (2.5ml) was then allowed to pass through the column

before collecting the desalted protein in a volume of 3.5ml which was

subsequently relyophilized. Investigations carried out by the

manufacturers have shown that this method of protein purification is

capable of allowing a desalting efficiency of between 95% to 100%

(Pharmacia LKB, Uppsala, Sweden).

vi. Processing of purified proteins

Initial studies using gel electrophoresis to separate

harvested, nonprocessed proteins released during culture from the

endometrium, showed an extremely large band with a relative mobility
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value corresponding to that of albumin. This finding, taken together

with the fact that many previous workers had also noted the

consistent presence of large amounts of albumin in human uterine

secretions (Edwards, Talbert, Israelstam, Nino and Johnson, 1968;

Roberts, Parker and Henderson, 1976; Maclaughlin and Richardson,

1983), resulted in an effort to remove this ''contaminant' of

presumably serum origin from the samples. Thus it was decided to

subject all endometrial proteins to affinity chromatography using

Blue Sepharose CL-6B (see section 2.3.3.i). This gel resin contains

Cibacron Blue F3G-A, a dye which has an affinity for albumin (Travis,

Bowen, Tewksbury, Johnson and Pannell, 1976) and which has been

previously used to remove albumin from human uterine flushings

(Maclaughlin and Richardson, 1983). However, as this dye also has an

affinity for proteins other than albumin, not only non-bound but also

bound proteins were considered for analysis and subsequently

subjected to the same dialysis/desalting procedure described earlier

for the harvesting of proteins from culture.

Hence the end result of harvesting and processing endometrial

protein samples was two sets of lyophilized proteins; one set which

bound to Blue Sepharose CL-6B and another set which did not. These

will henceforth be referred to as Blue Sepharose positive (BS+ve),

and Blue Sepharose negative (BS-ve) proteins respectively in this

thesis.
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Desalted, lyophilized conceptus proteins were not subjected to

Blue Sepharose CL-6B because the embryo in sheep and cows has been

previously shown to secrete an antiluteolytic protein (Godkin et al.,

1984; Helmer et al., 1987; Helmer et al., 1989a) with similar

homology and effect to inteferon-a (Imakawa, Hansen, Malathy,

Anthony, Polites, Marotti and Roberts, 1989) . Interferon is one of

the proteins other than albumin which has affinity for Cibacron F-3GA

(Jankowski, von Muenchhausen, Sulkowski and Carter, 1976) .

Both BS+ve, BS-ve and conceptus proteins were subsequently

subjected to qualitative and quantitative analysis as described in

the EXPERIMENTS' section (Section 3) . All lyophilized protein

samples were stored at -20°C until required.

2.3.2 Protein Assays

Two types of assay were used as a means of quantifying

different categories of protein present in endometrial and conceptus

secretions. These included a colourimetric assay which gave an index

of the total amount of protein present and a radiolabelled amino acid

incorporation assay which gave the total amount of protein

synthesised de novo,

i. Total protein

(a) Introduction :

The assay used to measure the total amount of protein present

in tissue secretions was that described by Lowry, Rosebrough, Farr

and Randall (1951) . This method is based upon the ability of protein

molecules to combine with tartrate ions and Folin's phenolic reagent

to form a complex which has a spectrophotometric absorbance at 750nm.
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The 'optical absorbance' of this complex is linearly proportional to

the total amount of protein present in solution.

(b) Methods :

Stock solutions were prepared as shown below ;

Solution A 1%(w/v) CuS04-5H20

Solution B 2%(w/v) NaK tartrate

Solution C 2%(w/v) Na2C03 dissolved in 0.1M NaOH

Solution D Folin's phenolic reagent diluted 1:1.5 with

distilled water

Bovine serum albumin (BSA) 2.5mg/ml

Standard BSA solutions of known concentration were made up as

follows ;

1-0, 0.1, 0.2, 0.3, 0.4 and 0.5ml of BSA stock solution were

placed into separate test tubes and made up to 5ml using distilled

water. This procedure produced 'standard' protein concentrations of

0, 15, 30, 45, 60 and 75|lg/ml respectively in 0.3ml of solution.

2 - Solution A (0.5ml) was added to 0.5ml Solution B. To this

mixture 50ml Solution C were added. To each 'standard' tube was added

3ml of this A+B+C solution, and the tubes were agitated by

"whirlimix" (henceforth termed whirlimixing) and allowed to incubate

for at least 15 min.
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3 - Solution D (0.3ml) was added to each 'standard' tube and

the tubes were whirlimixed once again before incubating for a further

30 min.

4 - Optical Absorbance (OA) measurements at 750nm were then

made using a Cecil™ Spectrophotometer and the absorbance of each

protein 'standard' at this wavelength was recorded. The data thus

obtained were then used to construct a plot of optical absorbance

against the amount of 'standard' protein. Test protein samples,

present in a total volume of 0.3ml distilled water, were

concomitantly subjected to the same procedure as described above for

'standard' proteins. OA values obtained from these samples were

subsequently applied to the standard plot to obtain corresponding

concentrations. A new 'standard' plot was constructed for every assay

in order to account for small variations in measurements of volumes

and of times.

(c) Results

Figure 2.3.2.1. shows the regression line obtained when applied

to the combined results (mean ± s.e.m.) of the standard curves from

seven consecutive Lowry protein assays. The line had a regression

quotient value of 1.00.

(d) Conclusion

The method of Lowry et al . (1951) appeared to be a reliable

assay for measuring the amounts of proteins isolated.
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Bovine Serum Albumin (Hg)

Figure 2.3.2.i.

Standard curve for Lowry protein assay (mean ± s.e.m., n = 7) . The

graph was produced by plotting the Optical Absorbance at 7 50nm [ (OA)
at 750nm] of standard protein solutions against the total amounts of

protein present in those solutions [Bovine Serum Albumin (fig) ] . The
line was produced using simple regression and posseted a quotient
value of R = 1.00.



ii. Pe novo proteins

The total amount of newly synthesised protein secreted into

medium by cultured endometrium was measured using a technique

modified from that described by Strinden and Shapiro (1983). This

method is based upon the incorporation of [3H]-leucine into secreted

proteins synthesised de novo.

(b) Methods :

Endometrium was prepared for culture as described previously in

section 2.3.1.ii. The medium in each dish contained 10|lCi [3H]-

leucine (2.5(J.Ci/ml) , and the tissue was incubated for 24h under afore

mentioned conditions (see section 2.3.1.iii).

Following culture, the medium in each dish was removed and

pooled. A small volume (approximately 2ml) of this pool was subjected

to protein precipitation procedures carried out at 4°C. This involved

the initial centrifugation of the culture medium at 1000 x g for

lOmin to remove any cellular debrise in the media. Four 200(11

aliquotes of the supernatant were then placed into 3ml plastic, 'test

and centrifuge' tubes followed by 10|Il BSA solution (21mg/ml) in

saline (0.1%), which was added to act as a bulking agent. Protein was

precipitated by adding 300(11 TCA solution [10%(w/v)] to the tubes,

whirlimixing, and then incubating for 30 min. The tubes were

centrifuged once more at 1400 x g for 15 min, and the supernatant was

subsequently discarded. The precipitate pellet thus obtained was

subjected to a wash process which involved the disruption of the
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pellet by whirlimixing with 300(11 TCA solution [5%(w/v>] followed by

recentrifugation at 1400 x g for 15 min. This wash process, carried

out to remove free [ 3H]-leucine, was repeated a further two times

with the supernatant being discarded in each case. The precipitate

was then dissolved in 100(11 formic acid by incubating for 30 min at

room temprature. Finally, 50|ll uncultured nonradioactive culture

medium were added to each tube followed by 3ml scintillation fluid

before counting them for 1 min in a Packard™ liquid scintillation

counter.

Four 'counting standard' tubes consisting of 50|ll uncultured

culture medium containing [3H]-leucine (2. 5|lCi/ml) , retained after

dispensing the medium for culture, 100(11 formic acid and 3ml

scintillation fluid were prepared. In addition, four 'background

counting' tubes containing 50(11 uncultured nonradioactive culture

medium, 100(11 formic acid and 3ml scintillation fluid were prepared.

These eight tubes were also counted for lmin in the liquid

scintillation counter along with the sample tubes.

2.3.3 Protein Separation Techniques

Two methods of separation were used for the resolution of

proteins secreted by cultured endometrial and conceptus tissues.

These were liquid chromatography, and polyacrylamide gel

electrophoresis as carried out in the presence of sodium dodecyl

sulphate (better known as SDS-PAGE). The former included two major

chromatographic techniques namely gel filtration and ion exchange

chromatography. However, as described earlier in section 2.3.1.vi,
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all secreted endometrial proteins were subjected to one other form of

liquid chromatography, namely affinity chromatography, prior to being

resolved by the two methods stated above. Thus, because of its

primary position, the procedures involved in the affinity

chromatography will be discussed first.

The pieces of apparatus used in the various chromatographic

procedures were all purchased from Pharmacia LKB Biotechnology

Ltd.(Pharmacia LKB Biotechnology Ltd., Milton Keynes, UK) and

included a FRAC-100 fraction collector, a P-l peristaltic pump, a UV-

1 UV monitor and an REC-1 chart recorder. Figure 2.3.3 shows the

arrangement of this equipment relative to the various columns used in

the different chromatographic procedures. In the case of affinity

chromatography, protein samples were applied onto a drained bed

surface (see section 2.3.3.i.b below). However, in the cases of gel

filtration and ion exchange chromatography, an LV-4 valve (Pharmacia

LKB Biotechnology Ltd., Milton Keynes, UK) was used as a syringe

holder (see section 2.3.3.ii.b below), and was positioned above the

column to be used. One of the outlets of the valve was connected to

the peristaltic pump, another was connected to the top inlet of the

column, whilst the third was blocked. Subsequently, protein was

loaded into the open syringe held by the LV-4 valve and the outlet of

the valve was adjusted so as to allow the loading, under gravity, of

the protein sample onto the column. Once the sample was loaded onto

the column, the valve outlet was then re-adjusted to connect the pump

to the chromatography column. For all three types of chromatography,

once the protein sample was loaded onto the column, the separation
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Figure 2.3.3

The above Figure illustrates the apparatus used in the various

chromatographic procedures. All chromatography was carried out in a

cold-room set at 4°C unless stated otherwise.



procedure was immediately started by pumping running buffer onto the

column concerned. Eluate leaving the column at the bottom was then

passed through the UV-1 monitor which was in turn connected to the

REC-1 chart recorder, and the monitor was positioned very close to

the outlet of the column (distance from column outlet to monitor

inlet ~ 10cm). Eluate leaving the monitor was then collected using

the FRAC-100 fraction collector; again the distance from the monitor

outlet to the fraction collector was kept to a minimum to avoid

dispersal of fractionated proteins. All chromatographic procedures

were carried out at in a cold room set at 4°C unless stated

otherwise.

i. Affinity chromatography using Blue Sepharose CL-6B

(a) Introduction ;

Affinity chromatography is also known as 'adsorptive'

chromatography in that the molecule to be isolated is specifically

and reversibly adsorbed by a complementary binding substance (ligand)

immobilised on an insoluble support or matrix.

The affinity gel used in experiments described in this thesis

was Blue Sepharose CL-6B, which consists of the dye Cibacron Blue

F3G-A covalently attached to the cross-linked agarose gel Sepharose

CL-6B. Cibacron Blue is capable of not only binding albumin (Travis

et al., 1976) but also a wide variety of enzymes and other proteins.

These include enzymes requiring adenylyl-containing co-factors

including NAD+ and NADP+ (Easterday and Easterday, 1974), coagulating

factors (Swart and Henker, 1970), and interferon (Jankowski et al.,



1976). The structure of Cibacron Blue F3G-A immobilised onto

Sepharose CL-6B gel matrix is shown in Figure 2.3.3.i. Investigations

carried out by the manufacturers have shown that the concentration of

the coupled dye is approximately 2)imol/ml of swollen gel and that the

binding capacity for serum albumin is approximately 5mg/ml swollen

gel in 0. 1M phosphate buffer (pH 7.0) at 20°C (Pharmacia LKB,

Uppsala, Sweden).

(b) Methods :

Swelling and washing the gel

Blue Sepharose CL-6B was supplied as a freeze-dried powder

which required initial swelling and washing with distilled water.

Thus lOg of powder was swollen for 15 min and then washed on a

sintered glass filter with 21 of distilled water added in several

aliquots. The distilled water was replaced with Running Buffer (see

^Buffers' below) and the swollen gel then allowed to equilibrate in

the Cold Room.

Buffers

1. Running Buffer

This buffer was the medium through which the actual adsorptive

process was allowed to take place. It consisted of 50mM Tris buffer,

titrated down to pH 7.0 with HC1, (Tris-HCl) containing lOOmM KC1.
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Figure 2.3.3.i

Partial structure of Blue Sepharose CL-6B. R-l = H or S020Na;
R2 = S020Na or H



2. Affinity Sample Buffer

Affinity Sample Buffer was the buffer within which samples to

be chromatographed were dissolved. It consisted of Running Buffer

supplemented with 5% (v/v) glycerol, the purpose of which was to

increase the density of this buffer relative to the Running Buffer

itself. This increase in density had the effect of decreasing the

degree of dispersion witnessed by the sample during application.

3. Desorption Buffer:-

Proteins which had bound to the affinity gel during

chromatography were desorbed by using a buffer similar to Running

Buffer but with a high KC1 concentration. This consisted of 50mM

Tris-HCl_buffer pH 7.0, containing 1.5M KC1.

4. Regeneration Buffers

Following every chromatographic procedure i.e. adsorption of

samples followed by their desorption and elution, the affinity gel

was regenerated by washing the gel with buffers of alternate high and

low pH given below:

High pH buffer - lOOmM Tris-HCl pH 8.5, containing

500mM NaCl.

Low pH buffer - lOOmM sodium acetate pH 4.5,

containing 500mM NaCl.
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Constructing the affinity column

The swollen Blue Sepharose CL-6B was packed into a Pharmacia K

15/40 column (dimensions 1.5cm x 40cm) and washed with Running Buffer

at a rate of 0.7ml/min until a stable bed height of approximately

20cm was obtained (a more detailed account of the methods involved in

column packing is given in section 2.3.3.ii. (b) under ''Gel

Filtration') . Equilibrium between the gel and Running Buffer was

ensured by further washing the column with several bed volumes of

this buffer.

Applying and running a sample an the column

Following packing, flow through the column was stopped, the

outlet tubing was blocked, the inlet cap was removed, and the buffer

covering the gel bed was sucked out. A sample of secreted endometrial

proteins dissolved in 1ml Affinity Sample Buffer, was then applied

onto the gel bed using a syringe connected to a piece of fine

capillary tubing. Care was taken not to disturb the gel bed surface

during sample application. This was carried out by holding the outlet

of the capillary tubing against the inner wall of the column 5 - 6mm

above the bed surface and slowly releasing the sample onto the bed.

The outlet tubing was then opened just long enough to allow the

sample to sink into the gel bed before being blocked once again. The

column was then refilled with Running Buffer and the inlet cap

replaced and air tightened. The column outlet tubing was opened once

more and flow through the column restarted at a rate of O.lml/min.

Concurrently, the UV absorbance at 280nm of the eluate was monitored

such that, when the absorbance signal from the monitor passed a pre-
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determined threshold value of 0.1A, collection of the eluate began

and that once this signal fell below this value, collection stopped

even though flow through the column did not. The eluate containing

these non-bound (BS-ve) proteins was then subjected to the same

dialysis/desalting procedure described earlier for the harvesting of

proteins from culture [section 2.3.1.iv. (a)&(b)] . The column was

subsequently washed with approximately 10 column volumes of Running

Buffer before applying Desorption Buffer to wash off bound proteins.

Desorption of. bound (BS+ve) proteins

Following the replacement of Running Buffer with Desorption

Buffer, flow through the column was stopped to allow the new buffer

to equilibriate with the affinity gel for at least 5h. This allowed

the complete dissociation of bound proteins from the column to take

place prior to elution and thus ensured a good recovery of adsorbed

proteins. These proteins were then eluted off of the column with

several column volumes (usually 2) of Desorption Buffer. The same UV

absorbance threshold was used here as that previously used for the

collection of unbound proteins (i.e.A28onm = 0-1) • Finally, eluate

containing BS+ve proteins was subjected to the same

dialysis/desalting procedure described earlier for the harvesting of

proteins from culture [section 2.3.1.iv. (a)&(b)] . The elution of

bound proteins from the column thus marked the completion of the

chromatographic process.
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Regeneration q£. Blue Sepharose CL-6B

Regeneration of the coupled ligand was carried out at room

temperature using the Regeneration Buffers described earlier (see

'Buffers' above) . The gel was poured into a sintered glass filter

connected to a conical flask under vacuum, and was washed with four

washing cycles of alternate High pH Buffer (500ml) and Low pH Buffer

(500ml). The regenerated gel was then re-equilibrated with Running

Buffer in the Cold Room prior to being repacked as described

previously ( see 'Constructing the column' above) ready to receive a

new sample.

Testing of the Blue Sepharose CL-6B column

The albumin-binding capability of the Blue Sepharose CL-6B

affinity column was intermittently checked by applying a relatively

high concentration of BSA (~ 20mg) to the column. Invariably, when

the column was subsequently washed with Running Buffer, the A28gnm

trace recorded by the monitor, deviated only very slightly (never

greater than 0.01A) from the base line (i.e. 0 absorbance) even after

the column was washed with 10 column volumes of Running Buffer.

Following desorption of the BSA from the column, the eluate was

subjected to the same dialysis/desalting procedure described earlier

for the harvesting of proteins from culture [see section

2.3.1.iv.(a)&(b)]. Measurements were then taken of the amounts of

lyophilized protein desorbed from the column using the Lowry protein

assay method described earlier (see section 2.3.2.i). Results

obtained indicated that >95% of the total BSA applied onto the column
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was retained by the affinity resin.

The above findings demonstrated that the Blue Sepharose CL-6B

column was capable of retaining far higher amounts of albumin than

the amounts of albumin actually exposed to the affinity column in the

form of a contaminant of endometrial secretory proteins.

Con/equently, it was concluded that a single application of a

secretory protein sample to the Blue Sepharose CL-6B affinity column

was more than adequate for the removal of albumin from the protein

sample.

Both BS+ve and BS-ve endometrial proteins and conceptus

proteins were subsequently resolved using two other forms of liquid

chromatography, namely gel filtration, which resolved the proteins

according to their molecular weights, and ion exchange

chromatography, a separation technique based on molecular charge,

ii. Gel filtration chromatography

(a) Introduction

Gel filtration chromatography is an established method for

determining the size and molecular weight of proteins. The

fractionation of proteins using this type of chromatography is based

upon the principle of molecular sieving. This principle states that

"as a solution passes down a chromatographic bed, its movement

depends upon the bulk flow of the mobile phase and upon the Brownian

motion of the solute molecules which causes their diffusion both into

and out of the stationary phase". Thus the separation process in gel

filtration depends upon the different abilities of the various sample

molecules to enter pores which contain the stationary phase. Large
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molecules which never enter the stationary phase move through the

chromatographic bed fastest. Smaller molecules which can enter the

gel pores move more slowly through the column since they spend a

proportion of their time in the stationary phase. Molecules are

therefore eluted in order of decreasing molecular size.

(b) Methods

The methods used to separate proteins by this technique were a

modification of those adopted by Bartol, Roberts, Bazer and Thatcher

(1985b) for the characterisation of bovine secreted endometrial

proteins. Three grades of gel, each with a different molecular weight

fractionation range were used for the separation of proteins. These

included Sephadex G-75SF, Sephacryl S-200HR and Sephacryl S-300HR.

The useful fractionation range for each of these gels is given in

Table 2.3.3.ii.a., along with information about their chemical and

physical structures. Whilst the Sephacryl gels were supplied pre-

swollen, Sephadex G-75SF was a powder which required pre-swelling in

excess Filtration Buffer (see below) prior to packing.

Buffers

1. Filtration Buffer

The eluant buffer used throughout filtration procedures was

lOmM Tris-HCl (pH 8.2) containing 0.33M NaCl.

2. Filtration Sample Buffer

The Filtration Sample Buffer was the buffer within which

samples to be subjected to gel filtration were dissolved. It was used

throughout the filtration procedures and consisted of Filtration
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Table 2.3.3.ii.a

Characteristics of gels used in gel filtration chromatography. The

values given for the various molecular weight fractionation ranges

pertain to globular proteins (Source, Pharmacia LKB Ltd., Uppsala,

Sweden).

Gel Type Bead Diameter Molecular Weight Chemical

(|Jm) Fractionation Structure

Range(kDa)

Sephadex G-75SF 10 - 40

(Dry)

Sephacryl S-200HR 25 - 75

(Wet)

Sephacryl S-300HR 25 - 75
(Wet)

3-70 Dextran cross-

linked using
epichlorohydrin

5 - 250 Allyl dextran cross
-linked with

N,N'-methylene
bisacrylamide

10 - 1500 Allyl dextran cross
-linked with

N,N'-methylene
bisacrylamide



Buffer supplemented with 5% (v/v) glycerol. The purpose of this

supplement was described earlier in section 2.3.3.i.(b) under

'Buffers' (specifically 'Affinity Sample Buffer').

Packing columns

Packing is always a critical factor in persuading matrices to

yield their best performance. A poorly packed column will give rise

to uneven flow, zone broadening and loss of resolution. The flow

rates obtainable can also be affected. Hence the Sephacryl gels with

their relatively rigid molecular mesh structure were packed in a

different manner to that used for the Sephadex gel.

A: Sephadex G-75SF:-

The gel suspension (approximately 250ml) was allowed to reach

4°C (the temperature of operation) before packing was begun. The

various stages involved in the packing were as follows:

1. Filtration Buffer was injected into the outlet tubing of the

bottom piece of a Pharmacia C16/100 column (dimensions 1.6cm x 100cm)

using a syringe until it passed through the bed support net. The net

was then checked to make sure no air bubbles were present before

screwing the bottom piece onto the bottom of the column. The tubing

was then closed with a stopper

2. The suspension of gel was adjusted so that it was a fairly

thick slurry (approximately 75% settled gel) and fine particles (gel

debris etc.) were removed at this stage by decantation.

3. The gel was resuspended by gently mixing the suspension well

with a glass rod, and then carefully poured down the wall of a gel
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reservoir had been attached to the top of the column. All the gel

required was poured in a single operation because packing the gel in

stages, for example when using gel prepared with too thin a

suspension, can result in a badly packed bed.

4. The reservoir was then filled to the top with buffer and the

reservoir cap screwed on tightly. The column inlet tubing was

connected to the P—1 pump, the stopper was removed from the outlet

tubing and flow was started at a rate of 0.18ml/min.

5. Filtration Buffer (500ml) was then passed through the column

to stabilise and equilibrate the bed with the buffer.

6. By this stage all the gel had been packed into the column

which meant that the gel reservoir was no longer required. Hence the

pump was stopped, the column outlet was closed, the reservoir cap was

removed, excess buffer was siphoned from the reservoir, and the

reservoir was detached from the column.

7. Buffer was added to the column until an upward meniscus was

obtained at its opening. Filtration Buffer was then injected into the

tubing of a Pharmacia AC16 adaptor using a syringe until it passed

through the bed support net. The net was then checked to make sure no

air bubbles were present before the adaptor itself was inserted at an

angle into the column and slid down to the gel surface. The adaptor

tubing was then connected to the pump and the adaptor itself locked

into position.

8. The column packing procedure was completed by opening the

column outlet once again and running buffer (0.18ml/min) through the

gel until a new, slightly smaller constant bed height was obtained.
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This involved only about 10 min further packing at which point the

position of the adaptor was readjusted down to the position of the

new bed surface.

The conclusion of this packing procedure was a Sephadex G-75SF

gel filtration column with a bed height of 87cm.

B. Sephacryl S200-HR and Sephacryl S300-HR:-

The relatively soft nature of Sephadex G-75SF meant that it

required 'traditional' methods of packing as described above.

However, the disadvantage in using traditional methods with any kind

of gel is that the matrix becomes most tightly packed at the base of

the column. Although such gels, if packed well, give a high degree of

resolution, it is at the top of the column where separation begins

and where resolving power is most important. Further down the column

in areas through which the partially separated fractions pass,

irregularities in the gel are less critical than at the top because

small irregularities generated in the separating bands at the outset

become magnified and exaggerated as the separation proceeds. For this

reason an improved packing technique (developed by Pharmacia) which

takes advantage of the more rigid structure of Sephacryl-HR has been

used to pack both Sephacryl S200-HR and Sephacryl S300-HR. A short

version of this method is given below;

a. An adaptor was inserted at the bottom of the column.

b. The gel was poured into the column and packed in two steps.

c. The bottom piece of the was inserted at the top.

d. The column was turned upside down.
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Consequently, samples were applied in the most tightly packed zone of

the gel, now at the top of the column with result of improved

resolution.

A more detailed account of this packing technique is given in

the various stages involved in the packing of Sephacryl S-200HR and

Sephacryl S-300HR into Pharmacia C16/100 (dimensions 1.6cm x 100cm)

and K26/100 (dimensions 2.6cm x 100cm) columns respectively, shown

below:

1. Filtration Buffer was injected into the tubing of the

adaptor (Pharmacia AC16 and AC26 adaptors were used for C16/100 and

C26/100 columns respectively) using a syringe until it passed through

the bed support net. The net was then checked to make sure no air

bubbles were present before locking the adaptor in place 3cm from the

bottom of the column. The adaptor tubing was then blocked with a

stopper.

2. 300ml Sephacryl S-200HR and 800ml Sephacryl S-300HR gel

slurries were diluted to 400ml and 1060ml, respectively, with

Filtration Buffer.

3. The column tube was then wetted with buffer leaving a few

centimetres of fluid in the bottom.

4. A packing reservoir was attached to the column and the gel

was resuspended by mixing thoroughly the gel suspension. The well-

mixed suspension was then poured carefully down the wall of the

reservoir. The gel was poured in one operation and the reservoir was

filled to the top with buffer.
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5. The reservoir cap was then screwed on tightly and the column

inlet tubing was connected to the pump before the column outlet was

opened.

6. Each gel grade was subsequently subjected to a two step

packing procedure. Thus Sephacryl S-200HR was packed in the first

step for 2h using a flow rate of 60 ml/h, and was packed in the

second step for lh at a flow rate of 100 ml/h. The flow rates used to

pack Sephacryl S-300HR were 180 ml/h and 320 ml/h for the first and

second steps, respectively.

7. The pump was then stopped and the outlet closed. Excess

buffer was siphoned out of the reservoir, and the reservoir was then

removed.

8. Excess gel was carefully removed using a spatula such that

the bed surface was approximately 5mm below the mouth of the column

tube. The purpose of this was to account for the protuberance of the

column bottom piece when inserted into position.

9. The column was then filled to the top with buffer until an

upward meniscus was obtained, and the column bottom piece was made

air-tight by wetting as described in stage 1.

10. The bottom piece was then screwed several turns into the

column making sure that no air bubbles were trapped under the net.

The stopper on the bottom piece of tubing was then removed before

finally tightening the bottom piece itself completely into place. The

bottom piece outlet was then closed once again with the stopper.
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11. The stopper from the adaptor was removed and the tubing was

connected to a Pharmacia LV-4 valve which was in turn connected to

the pump.

12. The column was then turned upside down.

The outcome of this packing procedure was thus two filtration

columns with bed heights of approximately 97cm. Each was subsequently

equilibrated with two bed volumes of Filtration Buffer at a flow rate

never exceeding 60 ml/min in the case of Sephacryl S-200HR and 180

ml/min in the case of Sephacryl S-300HR.

Checking the packed bed

This was carried out by watching the progress of a sample

solution of the polymeric macromolecule Blue Dextran down the column

and monitoring for the presence of heterogeneities and/or air bubbles

in the gel bed. The practical details involved in carrying out such a

check are given in the next topic to be discussed below, namely

'Calibration of columns'.

91



Calibration of. columns

In a column of gel filtration medium, the behaviour of a

particular sized molecule is usually expressed by the equation:

Kav

V - V
e o

Vt - Vo

where Ve = the elution volume of the molecule

VQ = the void volume. This is the elution volume of a molecule

which is only distributed in the mobile phase because it

is larger than the largest pores in the gel. It is

usually determined by finding the Ve of a very large

molecule such as Blue Dextran (Mol.Wt. ~ 2 x 10® kDa) on

the column.

= the total column volume.

Thus Kav is a coefficient which defines the proportion of pores in a

gel that can be occupied by a molecule of a given size. Kgv is also

independent of gel dimensions and packing.

For a series of proteins of similar molecular shape and

density, a sigmoidal relationship exists between their Kgv values

and the logarithm of their molecular weights [log(MW)]. However,

calibration curves constructed in this way show a conveniently linear

relationship between these two variables over a considerable range.

Therefore calibration curves were constructed for each gel type using

different molecular weight range standard proteins.

92



Table 2.3.3.ii.b. shows the concentration of Blue Dextran and

the various protein standards used to calibrate the different

columns. All samples were dissolved in 2ml Filtration Sample Buffer

prior to being applied to the gel bed. Samples were placed in a 2ml

syringe connected to the LV-4 valve (see Figure 2.3.3) and

application onto the column was carried out by gravity feed. Samples

were run at a rate of 0.1 ml/min on the Sephadex G-75SF and 0.3

ml/min on the Sephacryl resins. Proteins eluted from the column were

subsequently monitored for their UV absorbance at 280nm and collected

in 2ml fractions. V0 values for each fractionated sample were

determined by measuring the volume of effluent collected from the

point of application to the centre of the effluent peak. Values

obtained for Ve and VQ were used together with Vt to determine Kgv

values for individual samples. Standard protein Kav values were then

plotted against their respective log(MW) using linear regression to

obtain calibration curves for the different columns.

Unknown protein samples were subsequently fractionated using

the same methods and parameters for filtration as those described for

column calibration. Kflv values of such unknowns were then applied to

respective standard curves to obtain molecular weights.
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Table 2.3.3-ii.h

Concentration and approximate molecular weight of various protein

standards and Blue Dextran used to calibrate the different columns

used in gel filtration.

Protein Approximate Column(s) Concentration
Standard Molecular weight Applied to of Application
(Source) (kDa) (mg/ml)

Aprotinin 6.5 Sephadex G-75SF 3
(Bovine Lung)

Cytochrome C 12.4 Sephadex G-75SF 2
(Horse Heart) Sephacryl S-200HR 2

Carbonic 29 Sephadex G-75SF 2
Anhydrase Sephacryl S-200HR 3

(Bovine Erythrocytes) Sephacryl S-300HR 3

Albumin 66 Sephadex G-75SF 5
(Bovine Serum) Sephacryl S-200HR 10

Sephacryl S-300HR 10

Alcohol 150 Sephacryl S-200HR 5
Dehydrogenase Sephacryl S-300HR 5

(Yeast)

(3-Amylase 200 Sephacryl S-200HR 4
(Sweet Potatoe) Sephacryl S-300HR 4

Apoferritin 443 Sephacryl S-300HR 10
(Horse Spleen)

Thyroglobulin 669 Sephacryl S-300HR 8
(Bovine)

Blue Dextran 2000 Sephadex G-75SF 1
Sephacryl S-200HR 2
Sephacryl S-300HR 2



(c) Results and Conclusions

Sephadex G-75SF

Figure 2.3.3.ii.a. shows the calibration curve obtained when

log(MW) of standard proteins between 6.5 - 66kDal (see Table

2.3.3.ii.b) were plotted against their corresponding Kav values. The

best line of fit obtained had a regression quotient (R) value of 1.00

with K=rr values between 0.061 and 0.661.d V

Sephacryl S-200HR

Figure 2.3.3.ii.b. shows the calibration curve obtained when

log(MW) of standard proteins between 12.4 - 200kDal (see Table

2.3.3.ii.b) were plotted against their corresponding Kav values. The

best line of fit had an (R) value of 0.99 with K_„ values between
aV

0.049 and 0.390.

Sephacryl S-300HR

Figure 2.3.3.ii.c. shows the calibration curve obtained when

log(MW) of standard proteins between 29 - 669kDal (see Table

2.3.3.ii.b) were plotted against their corresponding Kgv values. The

best line of fit had an (R) value of 0.99 with K,„ values betweenclV

0.113 and 0.538.

The fact that the regression quotient of all three standard

curves ranged between 0.99 and 1.00 and that the K=TT values in each
aV

curve ranged between 0 and 1 indicates that in all three cases the

behaviour of solute proteins during gel filtration was very near

■"ideal' (Scopes, 1982) . Thus the Sephadex G-75SF, Sephacryl S-200HR

Sephacryl S-300HR gel filtration columns were suitable for separating
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Figure 2.3.3.ii.a.

Calibration curve obtained with standard molecular weight proteins
(MW-GF-70 Kit for molecular weight range 6.5-66kDa) run on a Sephadex

G-75SF column (1.6cm x 87cm). BSA - Bovine Serum Albumin; Carb.Anhyd.
- Carbonic Anhydrase; Cyt.C - Cytochrome C; Aprot. - Aprotinin. The

figures given in brackets indicate the approximate molecular weight
of individual standard proteins. The best line of fit was produced

using simple regression and possesed a quotient value of R = 1.00.



Figure 2.3.3.ii.b

Calibration curve obtained with standard molecular weight proteins

(MW-GF-200 Kit for molecular weight range 12-200kDa) run on a

Sephacryl S-200HR column (1.6cm x 97cm). P-Amy. - P-Amylase;
Alc.Dehyd. - Alcohol Dehydrogenase; BSA - Bovine Serum Albumin;

Carb.Anhyd. - Carbonic Anhydrase; Cyt.C - Cytochrome C. The figures

given in brackets indicate the approximate molecular weight of

individual standard proteins. The best line of fit was produced using

simple regression and possesed a quotient value of R = 0.99.



Figure 2.3.3.ii.c

Calibration curve obtained with standard molecular weight proteins
(MW-GF-1000 Kit for molecular weight range 29-700kDa) run on a

Sephacryl S-300HR column (2.6cm x 97cm). Apofer. - Apoferritin;
Thyro. - Thyroglobulin; P-Amy. - P~Amylase; Alc.Dehyd. - Alcohol

Dehydrogenase; BSA - Bovine Serum Albumin; Carb.Anhyd. - Carbonic

Anhydrase; Cyt.C - Cytochrome C. The figures given in brackets

indicate the approximate molecular weight of individual standard

proteins. The best line of fit was produced using simple regression
and possesed a quotient value of R = 0.99.



proteins secreted by the endometrium,

iii- Ion exchange chromatography

(a) Introduction

The basic principle of ion exchange is that separation is

achieved on the basis of charges carried by solute molecules. The

technique is capable of resolving a variety of molecules, including

proteins, with small differences in charge by a process of reversible

adsorption. Most ion exchange experiments are performed in two

stages. The first stage involves sample application and adsorption.

In the second stage substances are eluted from the column and are

separated from each other. The separation is obtained since different

substances have different affinities for the ion exchanger due to

differences in their charge. These affinities can be controlled by

varying conditions such as ionic strength and pH.

(b) Methods

Two types of ion exchange column, one acidic and the other

basic, were constructed using the resins CM-Sepharose CL-6B and DEAE-

Sepharose CL-6B, respectively. The packing procedure used in both

cases was similar to that described previously in section

2.3.3.ii.(b) under ''Packing of columns' (specifically 'Sephadex G-

75' ) with the exception that the column bottom piece on both columns

was replaced with a Pharmacia AC16 adaptor.

DEAE-Sepharose CL-6B

This gel consists of a cross-linked agarose matrix (Sepharose

CL-6B) to which the weakly basic anion exchanger diethylaminoethyl

(DEAE) has been attached. The gel (which was supplied pre-swollen)
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was packed into a Pharmacia K16/40 column (dimensions 1.6cm x 40cm)

whose height was shortened using adaptors fitted at either end (see

Figure 2.3.3). The packed gel was washed with DEAE Running Buffer,

which consisted of lOmM Tris-HCl buffer (pH 8.2), at a rate of

1.5ml/min until a stable bed height of 7.5cm was obtained. The top

adaptor was then readjusted down to the gel bed surface. Equilibrium

between the gel and buffer was ensured by washing the column with at

least two further bed volumes of this buffer.

Protein samples were then dissolved in 1ml DEAE Sample Buffer,

which consisted of the above buffer supplemented with 5%(v/v)

glycerol, and applied to the column using gravity-feed as described

previously in section 2.3.3.ii.(b) under 'calibration of columns'.

This was immediately followed by the application of a stepwise,

increasing ionic strength gradient to the column. The gradient

involved the sequential use of DEAE Running Buffers containing NaCl

concentrations of 0, 0.1, 0.2, 0.3, 0.4 and 0.5M. Each step of the

gradient had a volume of 16ml, and the eluate was collected in 2ml

fractions. The elution profile of proteins was monitored at 280nm as

in other chromatographic procedures.

CM-Sepharose CL-6B

This gel consists of a cross-linked agarose matrix (Sepharose

CL-6B) to which the weakly acidic ion exchanger carboxymethyl (CM)

has been attached. The gel (which was also supplied pre-swollen) was

packed using the same apparatus, parameters and procedures described

above for DEAE-Sepharose CL-6B. The buffer used in the packing

process was CM Running Buffer which consisted of a phosphate (Na2P04~
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NaH2P04; 50mM, pH8.2) buffer system. The outcome of the packing

procedure was a column with a gel bed height of 9.5cm. Protein

samples were subsequently dissolved in 1ml CM Sample Buffer (CM

Running Buffer supplemented with 5%(v/v) glycerol) and applied to the

column as described above for DEAE-Sepharose CL-6B. This was once

more immediately followed by the application of a stepwise increasing

ionic strength gradient to the column. The gradient involved the

sequential use of CM Running Buffer at NaCl concentrations the same

as those used to elute proteins from the DEAE-Sepharose CL-6B column.

Each step of the gradient had a volume of 20ml, and the eluate was

collected in 2ml fractions. The elution profile of proteins was again

monitored at 280nm

iv. Polyacrylamide gel electrophoresis as carried out in the

presence of sodium dodecyl sulphate (SDS-PAGE)

(a) Introduction

The resolution of a mixture of proteins of different molecular

weights into its components using SDS-PAGE was first described by

Shapiro, Vinuela and Maizel (1967), and was later experimentally

verified by Weber and Osborn (1969) and then by others (Dunker and

Rueckert, 1969; Neville, 1971). This technique involves the molecular

sieving of the mixture through a cross-linked polyacrylamide gel

across which a potential difference has been set. Its usefulness in

molecular weight determination depends on the ability of the

detergent sodium dodecyl sulphate (SDS) to interact with and denature

a wide variety of proteins in a similar manner (Reynolds and Tanford,

1970). Native proteins, having widely different charge, size and
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shape characteristics, are converted upon reduction and SDS binding

to SDS-protein complexes of their constituent polypeptide chains.

These SDS-protein complexes have a constant charge per unit mass

(since the charge of the bound SDS masks the protein charge) and

identical conformations which vary in size directly in relation to

the proteins' subunit molecular weight(s) (Reynolds and Tanford,

1970).

Under a given set of electrophoretic conditions (i.e. pH,

voltage gradient, time, gel concentration), the electrophoretic

mobility of a protein depends on its charge density, size and shape.

Since most SDS-protein complexes have the same charge density and

assume identical shapes, differences in their electrophoretic

mobilities are due to differences in size. Therefore in SDS-PAGE,

protein molecular weights can be determined by comparison of the

electrophoretic mobilities of unknown proteins with the

electrophoretic mobilities of standard proteins of known molecular

weight.

(b) Methods

Proteins were subjected to SDS-PAGE on homogeneous gels using a

modification of the discontinuous buffer system adopted by Laemmli

(1970) . Gels were cast and run on a PROTEAN II™ Slab Cell (Bio-Rad

Laboratories Ltd., Watford, UK) for vertical electrophoresis as

described below. All solutions were stored in the dark at 4°C.
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Buffers

Sample Buffer(concentrated 4-fold):-

0.5 M Tris-HCl, pH 6.8 40 ml

SDS 8 g

0.2 M disodium EDTA 4 ml

Glycerol 40 g

Water (distilled) to make 100 ml

0.5%(w/v) Bromophenol Blue
(tracking dye) 0.5 ml

2. Stacking Gel Buffer(0.5M Tris-HCl, 8mM EDTA, 0.4% SDS, pH6.8):-

Tris base 3.0 g

Disodium EDTA 0.133 g

SDS 0.2 g

Adjusted to pH 6.8 with HC1 and made up to 50ml with distilled

water.

3. Separating Gel Buffer(1.5M Tris-HCl, 8mM EDTA, 0.4% SDS,

pH8 .8) :-

Tris base 90.75 g

Disodium EDTA 1.34 g

SDS 2 g

SDS was added after adjusting pH to 8.8 with HC1 and the

solution was made up to 500ml with distilled water.
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4. Electrode Buffer(concentrated 10-fold, pH 8.3):-

Tris base 30.0 g

Glycine 144 g

SDS 5 g

Disodium EDTA 3.72 g

Made up to 1 litre with distilled water.

Matrix forming solutions

1. Acrylamide / bis-acrylamide (30% T, 2.67% C)1 :-

Acrylamide 30 g

N'N'-Methylene bis-acrylamide 0.8 g

Dissolved in 100ml distilled water and filtered though glass

wool.

2. 3%(w/v)Polyacrylamide, 1 mM NaN3, 1 mM NaF:-

3 g polyacrylamide was added very slowly with vigorous stirring

to a 100ml solution of lmM NaN3/lmM NaF.

Polyacrylamide gels are described by reference to two characteristics:

1)The total monomer concentration, (%T) and

2)the crosslinking monomer concentration (%C) .

%T = [(gms Acrylamide + gms Bis-Acrylamide) + Total Volume ] x 100

%C = [gms Bis-Acrylamide -s- (gms Acrylamide + gms Bis-Acrylamide)) x 100
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Separating gel preparation

A glass plate sandwich was assembled for gel casting. The gel

mix shown below was then prepared. Quantities for a 12% gel (the type

of gel most widely used in this thesis) are described, and for a X%

gel where X% = total monomer concentration (%T) of the gel.

12% gel X% gel

Acrylamide/bis acrylamide

(30% T)

Separating Gel Buffer (pH 8.8)

3%(w/v)Polyacrylamide,
ImM NaN3/lmM NaF

Water(distilled)

TEMED

(N,N,N',N'-Tetramethylethylenediamine)

10%(w/v)Ammonium persulphate

(freshly prepared; added last)

Total volume

12 ml X ml

7.5 ml 7.5 ml

5.0 g 5.0 g

5.2 ml (17,2-X) ml

15 Hi

300 Hi

15 Hi

300 Hi

30.015 ml 30.015 ml

All the solutions above (except for ammonium persulphate) were

mixed together in the volumes shown. This 'monomeric' mixture was

deaerated under vacuum for at least 15min. Polymerisation was then

initiated by the addition of ammonium persulphate. The mixture was

then poured into the glass plate sandwich by allowing the solution to

flow down the middle of the outside plate and immediately (but very

carefully) overlaid with a 4-fold dilution of Separating Gel Buffer.

The gel was then allowed to polymerise for at least lh. In the

meantime the stacking gel monomeric solution was made up as shown
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below.

Stacking gel preparation

The following mixture was made up:

4.6% gel

Acrylamide/bis acrylamide

(30% T) 1.2 ml

Stacking Gel Buffer (pH 6.8) 2.0 ml

3%(w/v)Polyacrylamide,
ImM NaN3/ImM NaF 1.3 g

Water(distilled) 3.4 ml

TEMED

(N, N, N ', N '-Tetramethylethylenediamine) 5 |ll

10%(w/v)Ammonium persulphate

(freshly prepared; added last) 75 )ll

Total volume 7.98 ml

A stacking gel monomeric solution (i.e. exclusive of

persulphate) was made up using the volumes given above and was

deaerated under vacuum for 15min. Polymerisation was initiated with

the addition of persulphate. The buffer overlay on the polymerised

separating gel was then decanted and 2ml of this 'initiated' stacking

gel solution was laid in its place. After 2min this solution was also

poured off, and was replaced with the remainder of the 'initiated'

stacking gel solution. A spacer comb was then inserted at a slight

angle (to avoid getting air bubbles trapped under the teeth) into the

stacking gel which was then allowed to polymerise for 30 - 45min.
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Finally, the comb was removed from the set gel, and any residual

solution present in the newly formed wells was siphoned out using a

syringe connected to a fine capillary tube. This final step completed

the preparation of the discontinuous gel for SDS-PAGE.

Sample preparation

All samples were dissolved in 100(11 Sample Buffer which had

been diluted 4-fold with water.

1. Standard Proteins

A mixture of six standard proteins was used to calibrate gels

subjected to SDS-PAGE. The mixture was composed of the following

standards2 : phosphorylase b (rabbit muscle, 94kDal); albumin

(bovine serum, 67kDal); ovalbumin (egg white, 43kDal); carbonic

anhydrase (bovine erythrocytes, 30kDal); trypsin inhibitor (soybean,

20.1kDal); a—lactalbumin (bovine milk, 14.4kDal). Each component was

present at at a weight of approximately 100|lg. The protein mixture

thus had a total protein content of approximately 600(lg. This mixture

was dissolved in 100(11 Sample Buffer.

2. Unknown Proteins

Unknown protein (lmg) was dissolved in 100(11 Sample Buffer.

Both standard and unknown proteins were subsequently incubated

for 40min in a hot water bath maintained at 60°C prior to being

applied to the gel for electrophoresis.

The information given in brackets indicate the source and approximate

molecular weight of the various component standard proteins.

103



Sample application and electrophoresis

The set gel was clamped onto one side of the central cooling

core and onto a plastic (acrylic) buffer dam on the other side to

form the upper buffer chamber of the Protean™II Slab Cell. Electrode

Buffer (1.51) was prepared by making a 1 in 10 dilution of the stock

Electrode Buffer, and 350ml of this buffer was set aside for the

upper chamber while the remainder was placed into the lower buffer

chamber. The central cooling core was then lowered into the lower

buffer chamber at a slight angle to prevent air entrapment under the

gel sandwich. The upper chamber was then filled with its volume of

electrode buffer.

1. Loading of sample wells

Protein samples present in a total volume of 10)11 were loaded

into individual wells under the Electrode Buffer using a Hamilton™

microsyringe. Three of the sample wells, positioned over the left,

centre and right of the gel, were normally reserved for standard

proteins. The remaining wells were then filled with protein samples

of unknown molecular weight. This distribution of Standard and

unknown protein was carried out in order to account for any minor

electrophoretic inconsistencies which may have been observed by

samples run on different parts of the gel.
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2. Running the gel:-

Power was applied to the Protean™II Slab Cell immediately

following sample loading and the gel was run under a constant current

of 12mA for approximately 12h. By the end of this time, the tracking

dye had migrated to within 5 - 10mm from the bottom of the gel. This

marked the completion of the electrophoretic process at which point

the power to the apparatus was switched off.

Fixing and staining at gel

Following electrophoresis, the gel was quickly removed from its

cast and placed into 300ml fixing solution consisting of

trichloroacetic acid (10% w/v) and methanol (20% v/v) for at least

30min. The fixing solution was then replaced with 300ml of a

Coomassie Blue stain containing Coomassie Blue-R (0.25% w/v), acetic

acid (7.5% w/v) and methanol (50% v/v) . The gel was incubated with

the stain solution at 37°C for 30min after which the stain solution

was discarded and the gel washed with distilled water to remove any

unbound dye. Destaining was finally carried out by incubating the

stained gel with 300ml destaining solution consisting of 7%(w/v)

acetic acid and 10% (v/v) methanol at 37°C for lh. This destaining

process was repeated a further 2-3 times until the gel matrix was

completely dye-free. The destained gel was subsequently stored in

distilled water at 4°C.

Molecular weight determination

For any given gel, calibration curves were constructed for

individual runs of standard protein made on that gel. This was

carried out by plotting the relative mobility (Rf) values of standard
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component proteins against the logarithm of their respective

molecular weights.

Rf is defined as:

distance protein has migrated from origin

Rf =
distance from origin to reference point

In all cases the position of the tracking dye was used as the

reference point to calculate Rf values. Rf values obtained for

unknown samples run on the same gel were then applied to the

calibration curve of the standard protein run, which was most

adjacent to the sample run.

(c) Results and Conclusions

Figure 2.3.3.iv. shows the calibration curve obtained from the

combined results (mean ± s.e.m.) of the standard curves for three

individual standard protein samples run on the same gel. The best

line of fit was obtained using third order polynomial regression and

possesed a quotient value of R = 1.00. Although Rf values obtained

for unknown samples were applied to the calibration curve of the

standard proteins run most adjacent to the sample and not to a single

calibration curve determined for the entire gel as illustrated in

this Figure, the neglegible s.e.m. values of the various points on

the curve show that no significant electrophoretic inconsistencies

existed from one part of the gel to another. Thus the technique

employed was considered suitable for separating unknown proteins by

SDS-PAGE and for assessing their molecular weights.
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Figure 2.3.3.iv

Calibration curve obtained for standard protein samples (Parmacia LMW

Electrophoresis Calibration Kit, molecular weight range 14.4-94kDa)

subjected to polyacrylamide gel electrophoresis in the presence of
sodium dodecyl sulphate (SDS-PAGE) on the same gel (mean Rf ± s.e.m.,

n = 3) . The best line of fit was obtained using third order

polynomial regression and possesed a quotient value of R = 1.00.



3 . 1 PROTEIN OUTPUT FROM GUINEA-PIG ENDOMETRIUM AT

DIFFERENT STAGES OF THE OESTROUS CYCLE

INTRODUCTION

In the guinea-pig, oestradiol acting on a progesterone-primed

uterus appears to be the stimulus for the increase in output of the

uterine luteolytic hormone prostaglandin (PG) F2a towards the end of

the oestrous cycle (Blatchley and Poyser, 1974; Poyser, 1983b). The

primary pathway by which these ovarian steroids exert their effects

is by stimulating the production of specific RNAs that carry the

information required for the synthesis of new proteins which in turn

bring about physiological changes in target cells (Brenner and West,

1975) . Recently Poyser and Riley (1987) have shown that the intra¬

uterine administration of actinomycin D, an inhibitor of DNA-

dependent RNA synthesis, reduced both uterine PGF2a output, and more

selectively, endometrial PGF2a synthesising capacity in the guinea-

pig. This inhibition could not be reversed with in vivo treatments of

oestradiol, and the uterotrophic effect normally associated with

oestradiol was also blocked. However, the use of the calcium

ionophore A23187 in vitro increased uterine PGF2(X production

irrespective of whether the uterus had been treated with actinomycin

D or not. These results indicated that, as substrate was always rate-

limiting for
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PGF2a synthesis (as demonstrated by the stimulation with A23187), the

synthesis of new protein(s), other than increased synthesis of

prostaglandin H synthase (Poyser, 1983a) and phospholipase (PL) A2

(Downing and Poyser, 1983) was probably the primary factor involved

in the stimulation of PGF2a synthesis and release by oestradiol

acting on a progesterone-primed uterus.

Both endometrial PG output and uterine protein secretions in a

variety of species such as the pig (Murray et al., 1972), cow (Dixon

and Gibbons, 1979), mouse (Fishel, 1979), horse (Zavy, Bazer, Sharp

and Wilcox, 1979), cat (Murray, Jaffe, Buhi and Verhage, 1983) and

human (Heffner, Iddenden and Lyttle, 1986; Bell et al., 1986) undergo

periodic changes corresponding to cyclic alterations in their plasma

oestrogen and progesterone levels. To date, however, only the

functions of a few of these proteins have been revealed.

The experiments reported in this section were designed to

investigate the amounts and profiles of proteins released from

guinea-pig endometrium removed on days of high and low PGF2a

production (Day 15 and 7 of the oestrous cycle, respectively) and

cultured for 24h. The aims of these experiments were:

(a) to determine what differences, if any, existed in the total and

de novo amounts of protein released into culture from Day-15

endometrium compared to Day-7 endometrium.

(b) to examine whether secreted proteins synthesised in culture by

Day-7 and Day-15 endometrium were glycosylated, and if so to what

extent.
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(c) to compare and contrast the profile of secreted proteins

synthesised in culture by Day-7 endometrium with that obtained for

Day-15 endometrium.

3.1.1 QUANTIFICATION AND CHARACTERISATION OF PROTEINS RET,EASED FROM

CULTURED GUINEA-PIG ENDOMETRIUM REMOVED ON DAY 7 AND DAY 15 OF THE

OESTROUS CYCLE

INTRODUCTION

Poyser and Riley (1987) have suggested that the synthesis of

fresh protein is the main factor responsible for the production of

the luteolytic hormone PGF2a in the guinea-pig endometrium. The same

workers have also shown that the amounts of secreted protein

synthesised de novo by Day-15 guinea-pig endometrium were

significantly greater than those produced by Day-7 tissue. This study

has aimed to expand on the above investigations by assessing not only

the relative amounts but also the biochemical character of proteins

released from the guinea-pig endometrium. Hence, in this series of

experiments the levels of total protein secreted, of total secreted

protein synthesised de novo ( [3H]-leucine incorporated), and of total

glycosylated ([3H]-glucosamine incorporated) protein synthesised and

secreted in culture by Day-7 and Day-15 guinea-pig endometrium have

been measured.

109



METHODS

Three experiments were carried out all of which involved the

following common procedures: guinea-pigs on Day 7 and Day 15 of the

oestrous cycle were killed and their uteri were removed in

preparation for culture as described previously (see section

2.3.1.1). Endometrium was dissected away from myometrium and diced

pieces were placed into Petri dishes as detailed in the methods for

tissue culture (section 2.3.1.ii). Culture dishes were then incubated

in modified Kilner jars under conditions described in section

2.3.1.111. The details of each experiment are given below.

Experiment 1: Quantitative analysis of total proteins released from

guinea-pig endometrium in culture

The uteri from five Day-7 and five Day-15 guinea-pigs were

removed and the endometrium from each uterus was used to prepare

twelve culture dishes each containing between 20 - 30mg tissue. In

each case dishes were divided equally between two modified Kilner

jars (six in each jar), which were in turn gassed and incubated for

24h as specified in section 2.3.1.iii. Culture dishes were then

removed from the jars and the culture medium was withdrawn. The dried

weight of the cultured endometrium was determined by heating the

tissue at 37°C for 24h followed by weighing. Medium obtained from the

dishes was pooled and then treated according to procedures previously

described for the harvesting and purification of proteins released

into culture medium (see section 2.3.1.v).

110



The total amount of released proteins present in the desalted

solution (3.5ml) were measured in the following manner; 0.1ml of the

purified solution was made up to 1.0ml using distilled water and

0.1ml of this diluted solution was assayed as described previously

(see section 2.3.2.i). The remaining volume (3.4ml) of the purified

solution was then lyophilized, weighed, and processed using affinity

chromatography with Blue Sepharose (BS) CL-6B (see sections 2.3.1.vi

and 2.3.3.i). Desalted solutions (3.5ml each) of proteins not

retained on Blue Sepharose (BS-ve) and of proteins retained on Blue

Sepharose (BS+ve) were then subjected to the 'protein assay' in the

manner described previously for the assay of the desalted solution

(3.5ml) of purified total released endometrial proteins, and the

remaining volumes of solutions were subsequently lyophilized and

weighed. Individual BS-ve and BS+ve samples of lyophilized, released

endometrial proteins obtained from individual cultures of Day-7

guinea-pig endometrium (henceforth respectively referred to as

lyophilized 'Day-7, BS-ve' and 'Day-7, BS+ve' released endometrial

protein samples) and from individual cultures of Day-15 guinea-pig

endometrium (henceforth respectively referred to as lyophilized 'Day-

15, BS-ve' and 'Day-15, BS+ve' released endometrial protein samples)

were then stored at -20°C for later analysis in section 3.1.2.
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Experiment 2: Quantitative analysis of total secreted ( f3Hl-leucine

incorporated) proteins synthesised de novo by guinea-

pig endometrium in culture

The uteri from five Day-7 and five Day-15 guinea-pigs were

removed, and the endometrium obtained from each uterus was used to

prepare eight culture dishes each containing between 30 - 50mg

tissue. Each dish also contained 10|lCi [3H]-leucine (2 . 5|lCi/ml) .

Dishes were then placed in a Kilner jar which was gassed and

incubated, as specified in section 2.3.1.iii, for 24h. Culture dishes

were then removed from the jar and the culture medium was withdrawn.

The dried weight of the cultured endometrium was determined by

heating the tissue at 37°C for 24h followed by weighing. Medium

obtained from the dishes was then pooled, and the amount of [3H]~

leucine incorporated into secreted endometrial proteins was measured

as described in section 2.3.2.ii. The pooled medium was then dialysed

and lyophilized as described in section 2.3.1.v. Lyophilates of total

de novo synthesised ([3H]-leucine incorporated) proteins secreted in

cultures of Day-7 and Day-15 guinea-pig endometrium were then

combined for each day, desalted and re-lyophilized to give two

respective pools (i.e. a Day-7 pool and a Day-15 pool) of purified,

[3H]-leucine-incorporated, secreted endometrial proteins. Both pools

of purified protein were then processed using affinity chromatography

with Blue Sepharose CL-6B (see sections 2.3.1.vi and 2.3.3.i) and the

desalted solutions (3.5ml each) of purified BS-ve and BS+ve de novo
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synthesised ([ 3H]-leucine incorporated) endometrial proteins

subsequently obtained were in each case subjected to the 'protein

assay' in the manner described in Experiment 1. The volumes remaining

following the 'protein assay' of solutions of purified BS-ve and

BS+ve proteins were then lyophilized and weighed. Lyophilized BS-ve

and BS+ve samples of de novo synthesised ([3H]-leucine incorporated)

proteins secreted in culture from Day-7 guinea-pig endometrium

(henceforth respectively referred to as lyophilized 'Day-7, BS-ve,

[3H] -leucine-incorporated' and lyophilized 'Day-7, BS+ve, [ 3H] —

leucine-incorporated' endometrial protein samples) and from Day-15

guinea-pig endometrium (henceforth respectively referred to as

lyophilized 'Day-15, BS-ve, [3H]-leucine-incorporated' and

lyophilized 'Day-15, BS+ve, [3H]-leucine-incorporated' endometrial

protein samples) were then stored at -20°C for later analysis in

section 3.1.2.

Experiment 3: Quantitative analysis of de novo synthesised.

glycosylated ( f3Hl-glucosamine incorporated) proteins

secreted from guinea-pig endometrium in culture

The uteri from five Day-7 and five Day-15 guinea-pigs were

removed and endometrium from each uterus was used to prepare eight

culture dishes each containing between 30 - 50mg tissue. Each dish

also contained 10(lCi [ 3H] -glucosamine (2.5)lCi/ml) . Dishes were then

placed in a Kilner jar which was gassed and incubated, as specified

in section 2.3.1.iii, for 24h. Culture dishes were then removed from
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the jar and the medium was withdrawn. The dried weight of the

cultured endometrium was determined by heating the tissue at 37°C for

24h followed by weighing. Medium obtained from the dishes was then

pooled and the amount of [3H]-glucosamine incorporated into secreted

endometrial proteins was measured as described in section 2.3.2.ii.

The pooled medium was then dialysed and lyophilized as described in

section 2.3.1.v. Lyophilates of de novo synthesised, glycosylated

proteins secreted in cultures of Day-7 and Day-15 guinea-pig

endometrium were then combined for each day, desalted and re-

lyophilized to give two respective pools (i.e. a Day-7 pool and a

Day-15 pool) of purified, [3H]-glucosamine-incorporated, secreted,

endometrial proteins. Both pools of purified protein were then

processed using affinity chromatography with Blue Sepharose CL-6B

(see sections 2.3.1.vi and 2.3.3.i), and the desalted solutions

(3.5ml each) of purified, BS-ve and BS+ve, de novo synthesised

glycosylated endometrial proteins subsequently obtained were in each

case subjected to the 'protein assay' in the manner described above

in Experiment 1. The volumes remaining following the 'protein assay'

of solutions of purified BS-ve and BS+ve proteins were then

lyophilized and weighed. Lyophilized BS-ve and BS+ve samples of de

novo synthesised, glycosylated proteins secreted in culture from Day-

7 guinea-pig endometrium (henceforth respectively referred to as

lyophilized 'Day-7, BS-ve, glycosylated' and 'Day-7, BS+ve,

glycosylated' endometrial protein samples) and from Day-15 guinea-pig

endometrium (henceforth respectively referred to as lyophilized 'Day-
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15, BS-ve, glycosylated' and 'Day-15, BS+ve, glycosylated'

endometrial protein samples) were then stored at -20°C for later

analysis in section 3.1.2.

Analysis of results, and statistics

Results obtained in Experiment 1 from 'protein assays' of

samples before and after affinity chromatography on Blue Sepharose

CL-6B were then used to determine respective pre- and post-Blue

Sepharose treatment 'protein turnover (PT) values' [expressed as

total (fig) protein released into culture per dried weight (mg) of

cultured tissue] for every sample. In Experiments 2 and 3, the

amounts of radioactive secreted proteins freshly synthesised during

culture are expressed as dpm per mg dried tissue per 106 standard

disintegrations per minute per ml added.

Statistical comparisons of results obtained in the above three

experiments for cultured endometrium removed on Day 7 and Day 15 of

the oestrous cycle were carried out using Student's 't' test.

RESULTS

Experimental^ Quantitative analysis of total proteins released from

guinea-pic endometrium in culture

Figure 3.1.1.a shows the pre- and post-Blue Sepharose treatment

PT values of Day-7 and Day-15 endometrium cultured for 24h. There was

no significant difference between the PT values determined for Day-7

and Day-15 cultured endometrium prior to Blue Sepharose treatment.

After Blue Sepharose treatment however the PT value determined for

Day-15 endometrium was significantly (P < 0.05) greater than that
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Figure LU^a

Mean (± s.e.m.; n = 5) protein turnover (PT) values (measured as (ig

protein released/mg (dried wt.) tissue) determined for Day-7 (D-7)

and Day-15 (D-15) guinea-pig endometrium cultured for 24h. Pre-BS PT:

pre-Blue Sepharose treatment PT value; post-BS PT: post-Blue

Sepharose treatment PT value.
*

Significantly (P < 0.05) higher than post-BS PT value determined

for Day-7 tissue.



determined for Day-7 tissue.

Exgerimgnt_2j. Quantitative analysis of total secreted ( r3Hl-leucine

incorporated) proteins svnthesised de novo bv guinea-

pjq endometrium in culture

The amounts of [3H]-leucine incorporated into secreted proteins

synthesised de novo by Day-7 and Day-15 endometrium cultured for 24h

are shown in Figure 3.1.1.b. Significantly (P < 0.002) greater

amounts of [3H]-leucine were incorporated into secreted proteins

synthesised by Day-15 endometrium than by Day-7 tissue in culture.

Experimerv^_gj_ Quantitative analysis of de novo synthesised.

glycosylated ( f3H1-glucosamine incorporated) proteins

secreted from guinea-pig endometrium in culture

The incorporation of [3H]-glucosamine into secreted proteins

synthesised de novo by Day-7 and Day-15 endometrium cultured for 24h

is shown in Figure 3.1.I.e. There was no significant difference

between the amounts of [ 3H]-glucosamine incorporated into secreted

proteins synthesised by Day-7 and Day-15 cultured endometrium.

CONCLUSIONS

The pre-Blue Sepharose treatment PT values of cultured Day-7

and Day-15 guinea-pig endometrium were not significantly different

after 24h. The post-Blue Sepharose treatment PT value of Day-15

endometrium was, however, significantly (P < 0.05) greater than that

of the Day-7 tissue following the same period of culture. This
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Figure 3.1. l.b

Mean (± s.e.m.; n = 5) amounts of [3H]-leucine incorporated into

secreted proteins synthesised de novo by Day-7 (D-7) and Day-15 (D-

15) endometrium cultured for 24h.

Significantly (P < 0.002) higher than the value determined for Day-

7 tissue.
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Figure 3.1.1.C

Mean (± s.e.m.; n = 5) amounts of [3H]-glucosamine incorporated into

secreted proteins synthesised de novo by Day-7 (D-7) and Day-15 (D-

15) endometrium cultured for 24h. The difference between the two

means was found to not be significant.



indicated that the proportion of proteins released from the

endometrium during culture which had affinity for Blue Sepharose was

greater on Day 7 than on Day 15.

A significantly (P < 0.002) greater amount of [3H]-leucine was

incorporated into secreted proteins synthesised by cultured Day 15

endometrium than by cultured Day-7 endometrium, the difference being

2.1-fold. The incorporation of radiolabelled glucosamine into

secreted proteins synthesised by cultured guinea-pig endometrium

showed that glycosylation of these proteins occurred in this

preparation. However, there was no significant difference between the

amounts of glycosylated protein synthesised and secreted by Day-7

endometrium compared to Day-15 endometrium following 24h of culture.

3.1.2 QUALITATIVE ANALYSIS OF PROTEINS RELEASED FROM CULTURED GUINEA-

PIG ENDOMETRIUM REMOVED ON DAY 7 AND DAY 15 OF THE OESTROUS CYCLE

INTRODUCTION

In this series of experiments the profiles of the different

categories of proteins, namely total proteins released in culture,

freshly synthesised [3H]-leucine-incorporated proteins, and

glycosylated proteins secreted in culture from guinea-pig

endometrium, obtained from studies carried out in the last section

(section 3.1.1), have been examined using liquid chromatography

and/or gel electrophoresis.
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METHODS

Two experiments were carried out, the first of which involved

the examination of the profiles of Day-7 and Day-15, BS-ve, released

endometrial proteins using polyacrylamide gel electrophoresis (SDS-

PAGE). In the second experiment profiles of secreted BS-ve and BS+ve

[3H]-leucine-incorporated proteins, and BS-ve and BS+ve, glycosylated

proteins synthesised in culture by Day-7 and Day-15 guinea-pig

endometrium were analysed using a combination of gel filtration and

ion exchange chromatography, and polyacrylamide gel electrophoresis.

The details of the procedures carried out in each experiment are

given below.

Experimer^l: SDS - PAGE analysis of total proteins released from

guinea-pig endometrium in culture

Five Day-7 and five Day-15 samples of BS-ve, released

endometrial proteins were subjected to one—dimentional SDS-PAGE using

procedures previously described in section 2.3.3.iv. Five separate

homogeneous polyacrylamide (12%) gels were used each of which

received, in addition to standard proteins, one Day-7 and one Day-15

sample of BS-ve, released endometrial proteins. Gels were

subsequently developed using Coomassie Blue staining (section

2.3.3.iv.b under 'Fixing and staining of gel') and molecular weights

corresponding to the various protein bands of the different

electrophoresed samples were then determined using respective band Rf

values as described previously (see section 2.3.3.iv.b under

'Molecular weight determination').
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Chromatographic (pel filtration and ion exchange) and

SDS—PAGE analysis of F3H1 -leucine-incorporated. and

glycosylated proteins synthesised and secreted in

culture by guinea-pig endometrium

(i) Gel filtration chromatography

Portions (7 - 20mg) of secreted, [3H]-leucine-incorporated BS-

ve and BS+ve proteins, and secreted, glycosylated, BS-ve and BS+ve

proteins synthesised in culture by Day-7 and Day-15 guinea-pig

endometrium were subjected to gel filtration chromatography on

Sephacryl S-200HR by methods described previously in section

2.3.3.ii. Two forms of elution profile were then generated for each

fractionated sample, namely an ,A280nrn' elution profile which was

constructed by measuring the UV absorbance (at 280nm) of the eluate

passing through the monitor at the end of each fraction, and a

'radioactivity' profile which was constructed by measuring the amount

of radioactivity present in aliquots (200(11) removed from each

fraction. The latter procedure involved placing each aliquot into a

6ml miniature polyethylene scintillation vial followed by 6ml

scintillation fluid. Sample vials were then 'whirlimixed' before

being counted on a Packard™ liquid scintillation counter. In

addition four 'background counting' vials each containing 200)11

nonradioactive Filtration Buffer and 6ml scintillation fluid were

prepared and counted for lmin in the scintillation counter along with

the sample vials.
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Absolute molecular weights corresponding to the various A280

peaks present in respective elution profiles thus generated for each

sample were then determined by applying peak values to the

standard protein calibration curve previously obtained for the

Sephacryl S-200HR column. In contrast, molecular weights

corresponding to peaks of radioactivity present in respective elution

profiles were given as weight ranges rather than absolute molecular

weights with the weight range corresponding to each peak given as the

range of protein molecular weights contained in the fraction

containing the peak. Sample fractions containing A280nm peaks which

were catagorised as belonging to one of three molecular weight

ranges, namely a ''low molecular weight' range (LMWR) , a 'high

molecular weight' range (HMWR), and a 'very high molecular weight'

range (VHMWR) were then collected together to give three respective

molecular weight range 'pools' of protein. The range of protein

molecular weights comprising each weight range is given in the

legends to the various elution profiles obtained for the different

categories of secreted and synthesised endometrial protein following

fractionation on Sephacryl S-200HR. Each pool was then subjected to

the same dialysis/desalting purification procedure described

previously for the procurement of proteins from culture medium

(section 2.3.1.v), and the protein content of each pool was

determined by subjecting each of the desalted pools (3.5ml) of

molecular weight range proteins subsequently obtained to the 'protein

assay' in the manner described in section 3.1.1 (Experiment 1). The
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volumes remaining of desalted LMWR, HMWR and VHMWR protein pools

after the ''protein assay' were then lyophilized, weighed and then

stored at -20°C until required.

(ii) Ion exchange chromatography

(a) Anion exchange:

Following fractionation on Sephacryl S-200HR, portions of

lyophilized LMWR, HMWR and VHMWR proteins of secreted, [ 3H]-leucine-

incorporated, BS-ve and BS+ve proteins, and secreted, glycosylated

BS-ve and BS+ve proteins synthesised in culture by Day-7 and Day-15

guinea-pig endometrium were subjected to anion exchange

chromatography on a column containing DEAE-Sepharose CL-6B by methods

described previously (section 2.3.3.iii).

(b) Cation exchange

Portions of lyophilized HMWR proteins obtained above following

the fractionation of secreted, [3H]-leucine incorporated, BS-ve

proteins synthesised in culture by Day-7 and Day-15 guinea-pig

endometrium were also subjected to cation exchange chromatography on

a column containing CM-Sepharose CL-6B by methods described

previously (section 2.3.3.iii).

In both procedures, eluted fractions were collected and elution

profiles (A280nm anc* radioactivity) were generated using the same

procedures previously described in part (i) of this experiment (gel

filtration chromatography).
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(iii) SDS - PAGF,

The remaining secreted, [ 3H]-leucine-incorporated BS-ve and

BS+ve proteins, and remaining secreted, glycosylated BS-ve and BS+ve

proteins synthesised in culture by Day-7 and Day-15 endometrium which

were not subjected to gel filtration chromatography above (part i)

were analysed using one-dimentional SDS-PAGE by methods described

previously in section 2.3.3.iv. Since, as discussed earlier (see

section 1.4.4.ii), in the guinea-pig, the synthesis and possible

secretion of a calcium-mobilising protein which "switches on'

endometrial PGF2a production may be stimulated following the

increased release of oestradiol from the ovary on Day 10 of the

oestrous cycle, portions of lyophilized LMWR, HMWR and VHMWR proteins

obtained above following the fractionation of Day-15, BS-ve [3H]-

leucine-incorporated proteins were also analysed using one-

dimensional SDS-PAGE in order to further resolve the proteins in

these three weight range categories. Proteins (unknown and standard)

were run on homogeneous polyacrylamide (12%) gels which were

subsequently developed using Coomassie Blue staining (see section

2.3.3.iv.b under "Fixing and staining of gel') . Molecular weights

corresponding to the various protein bands of the different

electrophoresed samples were then determined using respective band Rf

values as described previously (section 2.3.3.iv.b under "Molecular

weight determination' ) . Radioactivity profiles were then constructed

for each electrophoresed sample using a gel slicing technique

modified from that adopted by Basha, Bazer and Roberts (1979). This
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procedure involved slicing each sample run into uniform sections of

approximately 1.5-1.6mm. The amount of radioactivity present in each

section was then determined by placing each section into a 6ml

'miniature polyethylene scintillation vial' followed by 0.3ml H202

(30% v/v) . The vials were then incubated at 70°C for 24h in a hot-

water bath, and subsequently filled with 6ml scintillation fluid,

'whirlimixed' and counted in a Packard™ scintillation counter for

lmin. In addition four 'background counting' vials, each containing a

'clear' gel slice (i.e. a slice taken from a part of the gel not

involved in sample separation) dissolved in 0.3ml H202 (30% v/v) in

the same manner described for sample gel slices and 6ml scintillation

fluid, were prepared and counted for lmin in the scintillation

counter along with the sample vials. The distances to the midpoints

of sections containing peaks of radioactivity were then used to

determine section Rf values. These values were compared to the

appropriate calibration curve Rf values obtained for standard

proteins run on the same gel to determine corresponding peak

molecular weights (see section 2.3.3.iv.b under 'Molecular weight

determination').

Presentation of results and calculations

Molecular weights corresponding to the various protein bands

obtained following SDS-PAGE analysis in Experiment 1 of Day-7 and

Day-15, BS-ve, released endometrial proteins were subsequently used

to construct a single 'mean' SDS-PAGE molecular weight profile for

each of these protein catagories. This was carried out in each case

by plotting molecular weight data from the five individual runs of
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the protein catagory on a single molecular weight axis to give an

Aggregate' profile which was subsequently monitored for regions of

'molecular weight proximity'. A region of molecular weight proximity

was considered as being present when individual molecular weights

corresponding to protein bands from at least four of the five runs

were seen to occur within a given region, the range of which was

necessarily not greater than 5kDa. Mean (± s.e.m., n > 4) molecular

weights corresponding to the midpoints of these regions of molecular

weight proximity were then used to generate 'mean' SDS-PAGE molecular

weight profiles.

In Experiment 2 the criterion used to establish the presence of

Ajgonm and radioactivity peaks present in profiles obtained for

various samples following separation by gel filtration chromatography

was one whereby a new peak was said to exist whenever the relevant

elution curve passed through a 'minimum' . This was defined as any

point on the elution curve which possessed a value smaller than that

determined for the point before or after it. Peak size was defined as

the area under the relevent peak of the elution curve concerned.

Also, in the case of A2gonm profiles, peak areas were measured as a

percentage of the total area present under the elution curve; such a

modification was necessary in order to account for discrepancies in

the actual amounts of protein applied onto the filtration column.

Comparisons were then made of A2g0nm and/or radioactivity peaks

common to profiles obtained for both Day-7 and Day-15 protein samples

(henceforth referred to as 'mutual' peaks) of each protein category
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and expressed in the form of peak size ratios (PSR) :i.e. size of

mutual peak present in Day-15 profile/size of mutual peak present in

Day-7 profile.

In all cases of radioactivity profiles, measurements of

radioactivity (dpm) in each section were expressed as % of total dpm

recovered. The units used to represent approximate peak size in the

case of radioactivity profiles and A280nm obtained for the various

samples following separation by gel filtration chromatography were %

of total dpm recovered x volume (ml) in which peak occured (%-ml) and

% of total Absorbance x volume (ml) in which peak occured [%(A-ml)]

respectively.

RESULTS

SDS - PAGE analysis of total proteins released from

auinea-pia endometrium in culture

Table 3.1.2.a shows mean (± s.e.m., n > 4) molecular weights

corresponding to the midpoints of regions of molecular weight

proximity comprising 'mean' SDS-PAGE molecular weight profiles

determined for Day-7 and Day-15, BS-ve, released, endometrial

proteins. A very large protein band which appeared to have a relative

mobility similar to that of the protein standard bovine serum albumin

was observed in all profiles obtained. The extreme size of this band

meant that the procedure normally used to determine band Rf values

and hence corresponding molecular weights had to be modified in this

case such that the distance travelled by the band was measured not

from the band front but from its centre. In this way the mean
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Table 3 .1. 2 . a

'Mean' SDS-PAGE molecular weight (MW) profiles determined for BS-ve

proteins released from Day-7 (Day-7 MW Profile) and Day-15 (Day-15 MW

Profile) guinea-pig endometrium cultured for 24h. The figures given
under each protein category represent the mean (± s.e.m., n > 4)

molecular weights (kDa) corresponding to the midpoints of regions of
molecular weight proximity (see section 3.1.2 under 'Presentation of

results and calculations') seen in the 'aggregate' profiles obtained

following the superimposition of individual SDS-PAGE molecular weight

profiles determined for different samples (n = 5) of each protein

category.

Day-15 MW Profile Day-7 MW Profile

* 127.2 ±0.7 (n = 4)

108.0 ±0.8 (n = 5)
* 101.9 ± 0.4 (n = 4)

* 88.2 ± 0.5 (n = 4)

t 66.5 ± 0.8 (n = 5)

*56.9 ±0.4 (n = 4)

* 42.6 ± 0.3 (n = 5)

33.6 ± 0.3 (n = 5)

29.6 ± 0.2 (n = 5)

* 19.2 ± 0.1 (n = 5)

135.1 ± 1.0 (n = 4)

121.9 ± 0.8 (n = 4)

115.4 ±0.8 (n = 4)

107.8 ± 0.5 (n = 4)

73.6 ± 1.0 (n = 4)

4 64.7 ± 0.8 (n = 5)

35.9 ± 0.4 (n = 4)

33.1 ± 0.3 (n = 5)

30.2 ± 0.3 (n = 5)

20 .2 ± 0 .1 (n = 4)

(*) : mean (± s.e.m., n > 4) molecular weights (kDa) corresponding to

the midpoints of regions of molecular weight proximity present in the

D-15 MW Profile which were significantly (P<0.05) different from all
other mean (± s.e.m., n > 4) molecular weights (kDa) corresponding to

the midpoints of regions of molecular weight proximity present in the
D-7 MW Profile.

(i): mean (± s.e.m., n > 4) molecular weights (kDa) corresponding to

very large protein band.



(±s.e.m., n > 4) molecular weights corresponding to the midpoints for

this region of molecular weight proximity present in both Day-7 and

Day-15 'aggregate' profiles were determined as being 64.7 ± 0.8kDa

and 66.5 ± 0. 8kDa respectively. Mean (± s.e.m., n > 4) molecular

weights corresponding to the midpoints of five regions of molecular

weight proximity, namely 127.2 ± 0.7kDa, 101.9 ± 0.4kDa, 88.2 ±

0.5kDa, 56.9 ± 0.4kDa, 42.6 ± 0.3kDa and 19.2 ± 0.lkDa were seen in

the 'mean' SDS-PAGE molecular weight profile determined for Day-15,

BS-ve, released endometrial proteins but were absent from that

obtained for Day-7, BS-ve, released endometrial proteins.

Exgerimen^J^ Chromatographic (gel filtration and ion exchange) and

SDS-PAGE analysis of f3Hl-leucine-incorporated. and

glycosylated proteins synthesised and secreted in

culture by guinea-pig endometrium

(i) Gel filtration chromatography

The elution profiles obtained for secreted, [ 3H]-leucine-

incorporated proteins, and secreted, glycosylated proteins

synthesised in culture by Day-7 and Day-15 endometrium following gel

filtration chromatography on Sephacryl S-200HR are shown in Figures

3.1.2.i.a-h. Details of each Figure are given in the legends.

A consistent observation in nearly all of the profiles obtained

was the presence of two major A280nm peaks corresponding to molecular

weights of 99.8kDa and >250.0kDa (peak eluted in void fractions).

Individual assessments of elution profiles determined for the Day-7

and Day-15 protein samples of each protein category are given under

126



Dav-15, BS-ve, T3H1-Leucine-
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Figure 3 .1 . 2 . i.. a
Elution profile obtained for secreted, BS-ve, [ 3H]-leucine-
incorporated proteins synthesised in culture by Day-15 guinea-pig
endometrium, following gel filtration chromatography on Sephacryl S-
200HR. A2g0nm. U.V. absorbance at 280nm. Sample fractions containing
A28onm peaks which were catagorised as belonging to one of three
molecular weight ranges, namely a 'low molecular weight' range
(LMWR) which was comprised of proteins < 30.9kDa, a 'high molecular
weight' range (HMWR) which was comprised of proteins in the range
30.9 to 129.3kDa, and a 'very high molecular weight' range (VHMWR)
which was comprised of proteins > 129.3kDa were collected together
to give three respective molecular weight range 'pools' of protein.
Each pool was then subjected to the same dialysis/desalting
purification procedure, described previously for the procurement of
proteins from culture medium (see section 2.3.1.v), in preparation
for later analysis by ion exchange chromatography and SDS-PAGE in
parts (ii) and (iii), respectively, of this experiment.
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Figure 3.1.2.i.b
Elution profile obtained for secreted, BS-ve, [3H]-leucine-
incorporated proteins synthesised in culture by Day-7 guinea-pig
endometrium, following gel filtration chromatography on Sephacryl S-
200HR. A28onra; U.V. absorbance at 280nm. Sample fractions containing
A280nm peaks which were catagorised as belonging to one of three
molecular weight ranges, namely a ''low molecular weight' range
(LMWR) which was comprised of proteins < 27.1kDa, a 'high molecular
weight' range (HMWR) which was comprised of proteins in the range
27.1 to 168.6kDa, and a 'very high molecular weight' range (VHMWR)
which was comprised of proteins > 168.6kDa were collected together
to give three respective molecular weight range 'pools' of protein.
Each pool was then subjected to the same dialysis/desalting
purification procedure, described previously for the procurement of
proteins from culture medium (see section 2.3.1.v), in preparation
for later analysis by ion exchange chromatography in part (ii) of
this experiment.
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Figure 3.1.2.i.c
Elution profile obtained for secreted, BS-ve, glycosylated ([3H]-
glucosamine incorporated) proteins synthesised in culture by Day-15
guinea-pig endometrium, following gel filtration chromatography on

Sephacryl S-200HR. A280nra; U.V. absorbance at 280nm. Sample fractions
containing A280nm peaks which were catagorised as belonging to one of
three molecular weight ranges, namely a ''low molecular weight' range
(LMWR) which was comprised of proteins < 35.2kDa, a 'high molecular
weight' range (HMWR) which was comprised of proteins in the range
35.2 to 147.9kDa, and a 'very high molecular weight' range (VHMWR)
which was comprised of proteins > 147.9kDa were collected together
to give three respective molecular weight range 'pools' of protein.
Each pool was then subjected to the same dialysis/desalting
purification procedure, described previously for the procurement of
proteins from culture medium (see section 2.3.1.v), in preparation
for later analysis by ion exchange chromatography in part (ii) of
this experiment.
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Figure 3.1.2 .i.d
Elution profile obtained for secreted, BS-ve, glycosylated ([3H]—
glucosamine incorporated) proteins synthesised in culture by Day-7
guinea-pig endometrium, following gel filtration chromatography on
Sephacryl S-200HR. A280nm; U.V. absorbance at 280nm. Sample fractions
containing A280nm peaks which were catagorised as belonging to one of
three molecular weight ranges, namely a 'low molecular weight' range
(LMWR) which was comprised of proteins < 35.2kDa, a 'high molecular
weight' range (HMWR) which was comprised of proteins in the range
35.2 to 147.9kDa, and a 'very high molecular weight' range (VHMWR)
which was comprised of proteins > 147.9kDa were collected together
to give three respective molecular weight range 'pools' of protein.
Each pool was then subjected to the same dialysis/desalting
purification procedure, described previously for the procurement of
proteins from culture medium (see section 2.3.1.v), in preparation
for later analysis by ion exchange chromatography in part (ii) of
this experiment.
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Figure 3.1.2.i.e
Elution profile obtained for secreted, BS+ve, [ 3H] -leucine-
incorporated proteins synthesised in culture by Day-15 guinea-pig
endometrium, following gel filtration chromatography on Sephacryl S-
200HR. Ajgonm- U.V. absorbance at 280nm. Sample fractions containing
A280nm peaks which were catagorised as belonging to one of three
molecular weight ranges, namely a 'low molecular weight' range
(LMWR) which was comprised of proteins < 23.8kDa, a 'high molecular
weight' range (HMWR) which was comprised of proteins in the range
23.8 to 129.3kDa, and a 'very high molecular weight' range (VHMWR)
which was comprised of proteins > 129.3kDa were collected together
to give three respective molecular weight range 'pools' of protein.
Each pool was then subjected to the same dialysis/desalting
purification procedure, described previously for the procurement of
proteins from culture medium (see section 2.3.1.v), in preparation
for later analysis by ion exchange chromatography in part (ii) of
this experiment.
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Figure 3.1.2.i.f
Elution profile obtained for secreted, BS+ve, [ 3H]-leucine-
incorporated proteins synthesised in culture by Day-7 guinea-pig
endometrium, following gel filtration chromatography on Sephacryl S-
200HR. A2gonm; U.V. absorbance at 280nm. Sample fractions containing
A280nm peaks which were catagorised as belonging to one of three
molecular weight ranges, namely a 'low molecular weight' range
(LMWR) which was comprised of proteins < 18.4kDa, a ''high molecular
weight' range (HMWR) which was comprised of proteins in the range
18.4 to 129.3kDa, and a 'very high molecular weight' range (VHMWR)
which was comprised of proteins > 129.3kDa were collected together
to give three respective molecular weight range 'pools' of protein.
Each pool was then subjected to the same dialysis/desalting
purification procedure, described previously for the procurement of
proteins from culture medium (see section 2.3.1.v), in preparation
for later analysis by ion exchange chromatography in part (ii) of
this experiment.
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Figure 3.1.2.i.cr

Elution profile obtained for secreted, BS+ve, glycosylated ([3H]-
glucosamine incorporated) proteins synthesised in culture by Day-15
guinea-pig endometrium, following gel filtration chromatography on

Sephacryl S-200HR. A280nm; U.V. absorbance at 280nm. Sample fractions
containing A2gonra peaks which were catagorised as belonging to one of
three molecular weight ranges, namely a ''low molecular weight' range
(LMWR) which was comprised of proteins < 35.2kDa, a 'high molecular
weight' range (HMWR) which was comprised of proteins in the range
35.2 to 147.9kDa, and a ''very high molecular weight' range (VHMWR)
which was comprised of proteins > 147.9kDa were collected together
to give three respective molecular weight range 'pools' of protein.
Each pool was then subjected to the same dialysis/desalting
purification procedure, described previously for the procurement of
proteins from culture medium (see section 2.3.1.v), in preparation
for later analysis by ion exchange chromatography in part (ii) of
this experiment.
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Figure 3.1.2.i.h
Elution profile obtained for secreted, BS+ve, glycosylated <[3H]—
glucosamine incorporated) proteins synthesised in culture by Day-7
guinea-pig endometrium, following gel filtration chromatography on

Sephacryl S-200HR. A280nrn; U.V. absorbance at 280nm. Sample fractions
containing A2g0nm peaks which were catagorised as belonging to one of
three molecular weight ranges, namely a ''low molecular weight' range
(LMWR) which was comprised of proteins < 35.2kDa, a 'high molecular
weight' range (HMWR) which was comprised of proteins in the range
35.2 to 147.9kDa, and a 'very high molecular weight' range (VHMWR)
which was comprised of proteins > 147.9kDa were collected together
to give three respective molecular weight range 'pools' of protein.
Each pool was then subjected to the same dialysis/desalting
purification procedure, described previously for the procurement of
proteins from culture medium (see section 2.3.1.v), in preparation
for later analysis by ion exchange chromatography in part (ii) of
this experiment.



the various relavent headings below.

( a ) Day-15 , BS~ve , f 3H1 - leucine-incorporated proteins

(Fig.3.1.2.i.a )

Two major A280nm peaks were obtained as in other A280nm profiles

determined for the various protein samples. In contrast to the other

profiles however, whereas one of the peaks did correspond to a

molecular weight of 99.8kDa, the other corresponded to a molecular

weight of 218.8kDa. The former peak was the larger of the two with a

size of 52.1%(A-ml), and the latter peak possessed a size of

41.4%(A-ml). A minor A280nm peak with a size of 4.4%(A-ml) was also

obtained which represented protein(s) with molecular weight(s) of

>250.0kDa. The A280nm peak corresponding to a molecular weight of

99.8kDa coincided with a peak of radioactivity with a size of

40.9%-ml which represented a protein with a molecular weight in the

range 99.8 to 114.0kDa. Similarly, the A280nm peak corresponding to a

molecular weight of 218.8kDa coincided with a peak of radioactivity

with a size of 79.5%-ml which represented a protein with a molecular

weight in the range 192.1 to 218.8kDa. The close proximity of the

contours of the A280nm and radioactivity peaks in this case suggests

that both peaks most probably represent the same de novo synthesised

protein component whose molecular weight lay between 192.1kDa and

218.8kDa. Two other peaks of radioactivity which represented proteins

with molecular weights occurring in ranges of 7.4 to 8.4kDa and 59.4

to 67.6kDa and of 6.2%-ml and 29.1%-ml respectively in size were also

obtained. Several peaks of radioactivity which represented proteins
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with molecular weights of less than 5.6kDa were also obtained which

together possessed an area of 25.3%-ml.

(b) Day-7 , BS-ve, L3H1 -.Leucine-incorporated proteins

(Ficr.3.1 .2.1 ,h)

Two major A280nm peaks corresponding to molecular weights of

99.8kDa and >250.0kDa were obtained. The latter peak, which appeared

to be comprised of two overlapping peaks, was the larger of the two

with a size of 57.5%(A-ml) and the former peak possessed a size of

25.9%(A-ml). Major peaks of radioactivity, which represented proteins

with molecular weights occurring in ranges of 8.4 to 9.6kDa, 35.2 to

40.1kDa, 59.4 to 67 . 6kDa and 218.8 to 250.0kDa and of 14.0%-ml,

17.7%-ml, 13.0%-ml and 26.8%-ml in size, respectively, were obtained.

As in the case of the profile obtained above for Day-15, BS-ve, [3H]-

leucine-incorporated proteins, the A280 peak corresponding to a

molecular weight of 99.8kDa coincided with a peak of radioactivity

with a molecular weight in the range 99.8 to 114.0kDa. However, the

size of this peak was only 8.0%-ml (compared to 57.5%-ml on Day 15)

which indicates that this protein was synthesised to a much greater

extent by Day-15 than by Day-7 guinea-pig endometrium in culture.

Several peaks of radioactivity representing proteins with molecular

weights of >250.0kDa were obtained which together possessed an area

of 31.6%-ml. Several peaks of radioactivity representing proteins

with molecular weights of less than 5.6kDa were also obtained, which

together possessed an area of 51.5%-ml.
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Peak size ratio (PSR) values determined for A280nm and

radioactivity peaks common to profiles obtained for secreted, BS-ve,

[3H]-leucine-incorporated proteins synthesised in culture by Day-7

and Day-15 endometrium are shown in Table 3.1.2.b. An A280nm Peak

which was common to both the U.V. elution profile of the Day-7 and

the Day-15 sample was that which corresponded to a component

comprised of one or more protein (s) with molecular weight (s)

>250.0kDa. The PSR value determined for this peak revealed the amount

of this protein component present in the Day-15 sample to be one-

tenth the amount of this component present in the Day-7 sample. The

PSR value determined for the A280nm peak corresponding to a molecular

weight of 99.8kDa, which was also present in the U.V. elution profile

of both the Day-7 and the Day-15 sample, revealed the amount of this

protein component present in the Day-15 sample to be elevated 2-fold

relative to the amount of this component present in the Day-7 sample.

Furthermore, the PSR value determined for the peak of radioactivity

representing a protein with a molecular weight in the range 99.8 to

114.0kDa, which coincided with this A280nm peak (99.8kDa) in the

profiles obtained for both the Day-7 and the Day-15 sample, showed

the amount of this radiolabelled protein component present in the

Day-15 sample to be increased 5.2-fold relative to the amount present

in the Day-7 sample. A peak of radioactivity which represented a

protein with a molecular weight in the range 59.4 to 67.6kDa was also

common to the radioactivity profiles obtained for both the Day-7 and

the Day-15 samples. The PSR value determined for this peak indicated
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Table 3.1.2.b

Molecular weights (MW) and peak size ratio (PSR) values determined for

U.V. absorbance (A280nm) and/or radioactivity (radio.) of "'mutual' peaks
(see section 3.1.2 under 'Presentation of results and calculations')

present in elution profiles obtained for secreted, BS-ve, [ 3H]-leucine-

incorporated ( [3H]-Leu.) , and BS-ve, glycosylated (Glycos.) proteins

synthesised in culture by Day-7 and Day-15 guinea-pig endometrium
following their fractionation by gel filtration chromatography on

Sephacryl S-200HR.

BS-ve Proteins

[3H]-Leu. Glycos.

A280nm radio. A280nm radio.

MW PSR MW PSR MW PSR MW PSR

>250.0 0.1 99.8 to 114.0 5.2 >250.0 0.1 >250.0 1.2

99.8 2.0 59.4 to 67.6 2.2 99.8 1.9 99.8 to 114.0 2.5

7.4 to 8.4 0.4 12.4 to 14.1 0.3

<5.6 0.5 <5.6 1.2



that the amount of this radiolabelled component present in the Day-15

sample was elevated 2.2-fold relative to the amount of this component

present in the Day-7 sample. Peaks of radioactivity which represented

proteins with molecular weights in the ranges 7.4 to 8.4kDa and

<5. 6kDa were also common to the radioactivity profiles obtained for

both the Day-7 and the Day-15 sample. PSR evaluation of these peaks

showed that the levels of the radioactive proteins with molecular

weights in the ranges 7.4 to 8.4kDa and <5.6kDa present in the Day-15

sample were two-fifth and one-half, respectively, of the amounts of

these components present in the Day-7 sample.

(c) Day-15. BS-ve. glycosylated proteins (Figure 3.1.2.i.C)

One major peak of radioactivity representing protein(s) with

molecular weight(s) of >250.0kDa and with a peak size of 141.2%-ml,

was obtained. This coincided with an A28onrn peak corresponding to a

molecular weight of 250.0kDa and 28.5%(A-ml) in size. The close

proximity of the contours of the A2g0nm and radioactivity peaks

suggest that they most probably represent the same de novo

synthesised protein component which has a molecular weight of just

over 250.0kDa. Two other minor peaks of radioactivity which

represented proteins with molecular weights occurring in ranges of

99.8 to 114.0kDa and 14.1 to 16.1kDa and which were 28.0%-ml and

21.7%-ml in size, respectively, were also obtained. The peak of

radioactivity which represented a protein with a molecular weight

occurring in the range 99.8 to 114.0kDa coincided, as in the case of

the profiles obtained above for BS-ve, [ 3H]-leucine-incorporated
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proteins, with an A280nm peak which corresponded to a molecular

weight of 99.8kDa and which was 39.7%(A-ml) in size. One other A280nm

peak representing protein(s) with molecular weight(s) of >250.0kDa

with a size of 7.9%(A-ml) was also obtained, as were several peaks of

radioactivity representing proteins with molecular weights of less

than 5.6kDa which together possessed an area of 8.1%-ml.

(d) Day-7, BS-ve, glycosylated proteins (Figure 3.1.2.i.d)

As in the case of the profile obtained above for Day-15, BS-ve,

glycosylated proteins, only one major peak of radioactivity

representing protein(s) with molecular weight(s) of >250.0kDa with a

peak size of 120.5%-ml was obtained. This nearly coincided with the

only major A280nm peak present which also represented protein(s) with

molecular weight (s) of >250 .0kDa and which was 54.0%(A-ml) in size.

Two other minor peaks of radioactivity which represented proteins

with molecular weights in ranges of 99.8 to 114.0kDa and 12.4 to

14.1kDa and which were 11.2%-ml and 62.1%-ml in size, respectively,

were also obtained. The peak of radioactivity which represented a

protein with a molecular weight in the range 99.8 to 114.0kDa

coincided, as in the case of the profiles obtained above for BS-ve,

[3H]-leucine-incorporated and Day-15, BS-ve, glycosylated proteins,

with an A280nm peak which corresponded to a molecular weight of

99.8kDa and which was 21.2%(A-ml) in size. Several peaks of

radioactivity representing proteins with molecular weights of less

than 5.6kDa which together possessed an area of 7.0%-ml were also

obtained.
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PSR values determined for A280nra anc* radioactivity peaks common

to profiles obtained for secreted, BS-ve, glycosylated proteins

synthesised in culture by Day-7 and Day-15 endometrium are shown in

Table 3.1.2.b. An A280nm peak, representing one or more protein (s)

with molecular weight(s) of >250.0kDa was common to the U.V. elution

profile of both the Day-7 and the Day-15 protein samples. The PSR

value determined for this peak revealed the amount of this protein

component present in the Day-15 sample to be one-tenth the amount of

this component present in the Day-7 sample. The PSR value determined

for the 'mutual' A280nm peak corresponding to a molecular weight of

99.8kDa, which was also present in the U.V. elution profiles obtained

for both the Day-7 and the Day-15 protein samples, revealed the

amount of this protein component in the Day-15 sample to be elevated

1.9-fold relative to the amount of this component present in the Day-

7 sample. Furthermore, in the elution profiles obtained for both the

Day-7 and the Day-15 samples, both the >250.0kDa and 99.8kDa 'mutual'

A280nm peaks coincided with peaks of radioactivity which represented

proteins with molecular weights in the ranges >250.0kDa and 99.8 to

114.0kDa, respectively. PSR values determined for these 'common'

peaks of radioactivity indicated that the level of the protein with a

molecular weight in the range >250.0kDa present in the Day-15 sample

was approximately the same as the amount present in the Day-7 sample,

whilst the level of the protein with a molecular weight in the range

99.8 to 114.0kDa was elevated 2.5-fold relative to the amount of this

component present in the Day-7 sample. Peaks of radioactivity, which
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represented proteins with molecular weights in the ranges 12.4 to

14.1kDa and <5.6kDa, were also common to the radioactivity profiles

obtained for both the Day-7 and Day-15 protein samples. PSR

evaluation of these peaks indicated that the level of radioactive

proteins with molecular weights in the ranges 12.4 to 14.1kDa and

<5.6kDa present in the Day-15 sample to be, respectively, about one-

third and the same as the amount of these components present in the

Day-7 sample.

( e ) Day-15. BS+ve. \ 3H1 -leucine-incorporated proteins

(Fig.3.1.2 . i .e)

Two major A280nm peaks corresponding to molecular weights of

99.8kDa and >250.0kDa and both with respective peak sizes of

50.0%(A-ml) were obtained. Interestingly, whereas in all of the

profiles obtained above for BS-ve proteins the former (99.8kDa) peak

coincided with a peak of radioactivity which represented a protein

with a molecular weight in the range 99.8 to 114.0kDa, in this

profile it was found to coincide with a dip in the radioactivity

profile. This suggested that the protein component represented by the

A2g0nm peak in this profile was nonradioactive. The latter A280nm peak

(>250.0kDa) did, however, coincide with a major peak of radioactivity

which represented a protein with a molecular weight in the same

molecular weight range and which had a size of 61.7%-ml. Peaks of

radioactivity which represented proteins with molecular weights in

ranges of 114.0 to 129.3kDa, 67.6 to 77.1kDa, 40.1 to 45.7kDa and 5.6

to 6.5kDa with respective sizes of 28.3%-ml, 28.1%-ml, 57.6%-ml and
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7.9%-ml were also obtained, as were several very minor peaks of

radioactivity representing proteins with molecular weights of less

than 5.6kDa which had a combined size of 4.6%-ml.

( f ) Day-7 . BS+ve , f3Hl -leucine-incorporated proteins

(Fig.3■1.2■i■f)

Two A280nra peaks corresponding to molecular weights of 99.8kDa

and >250.0kDa with respective peak sizes of 28.4%(A-ml) and

71.6%(A-ml) were obtained. As in the case of the profile obtained

above for Day-15, BS+ve, [3H]-leucine-incorporated proteins, the

former (99.8kDa) A280nm peak coincided with a dip in the

radioactivity profile, again suggesting that the protein component

represented by the A280nm peak in this profile was also non¬

radioactive. The latter A280nm peak (>250.0kDa) did however coincide

with a major peak of radioactivity which represented a protein with a

molecular weight occurring in the same molecular weight range and

which had a size of 59. 7%-ml. Peaks of radioactivity which

represented proteins with molecular weights occurring in ranges of

67.6 to 77.1kDa and 40.1 to 45.7kDa and which had respective sizes of

40.6%-ml and 12.2%-ml were also obtained as were several major peaks

of radioactivity representing proteins with molecular weights of less

than 5.6kDa and which had a combined size of 42.6%-ml.

PSR values determined for A280nm and radioactivity peaks common

to profiles obtained for secreted, BS+ve, [3H]-leucine-incorporated

proteins synthesised in culture by Day-7 and Day-15 endometrium are

shown in Table 3.I.2.C. An A28onm peak representing one or more
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Table 3.1.2.c

Molecular weights (MW) and peak size ratio (PSR) values determined for

U.V. absorbance (A280nm) and/or radioactivity (radio.) of 'mutual' peaks
(see section 3.1.2 under 'Presentation of results and calculations')

present in elution profiles obtained for secreted, BS+ve, [ 3H]-leucine-

incorporated ( [3H]-Leu.), and BS+ve, glycosylated (Glycos.) proteins

synthesised in culture by Day-7 and Day-15 guinea-pig endometrium

following their fractionation by gel filtration chromatography on

Sephacryl S-200HR.

BS+ve Proteins

[3H]-Leu. Glycos.

A280nm radio. A280nm radio.

MW PSR MW PSR MW PSR MW PSR

>250.0 0.7 >250.0 1.0 >250.0 1.1 >250.0 1.9

99.8 1.8 59.4 to 67 . 6 0.7 99.8 0.9 77.1 to 87.8 1.5

40.1 to 45.7 4.7 52.1 to 59.4 1.3

<5.6 0.1 30.9 to 35.2 1.3

8.4 to 9.2 0.3

<5.6 0.2



protein(s) with molecular weight(s) >250.0kDa was common to both the

U.V. elution profiles of the Day-7 and the Day-15 samples. The PSR

value determined for this peak revealed the amout of this component

present in the Day-15 sample to be seven-tenth the amount present in

the Day-7 sample. The PSR value determined for the 'mutual' ^280nm

peak corresponding to a molecular weight of 99.8kDa, which was

present in the elution profiles obtained for both the Day-7 and the

Day-15 samples, showed that the amount of this protein component in

the Day-15 sample was increased 1.8-fold relative to the amount of

this component present in the Day-7 sample. Furthermore, in the

elution profiles obtained for both the Day-7 and the Day-15 protein

samples, the A28onm 'mutual' peak corresponding to a molecular weight

of >250.0kDa coincided with a peak of radioactivity which represented

protein (s) with molecular weight(s) in the same molecular weight

range (i.e.>250.OkDa) . The PSR value determined for this 'common'

peak of radioactivity indicated that the amount of this protein

component (>250.OkDa) present in the Day-15 sample was the same as

the amount present in the Day-7 sample. Peaks of radioactivity which

represented proteins with molecular weights in the ranges 59.4 to

67.6kDa, 40.1 to 45.7kDa and <5 . 6kDa were also common to the

radioactivity profiles obtained for both the Day-7 and the Day-15

samples. PSR evaluation of these peaks indicated that the amount of

radioactive proteins with molecular weights in the ranges 59.4 to

67.6kDa and <5.6kDa present in the Day-15 sample was seven-tenth and

one-tenth, respectively, of the amounts present in the Day-7 sample.
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The amount of [3H]-leucine-incorporated protein with a molecular

weight in the range 40.1 to 45.7kDa present in the Day-15 sample was

increased 4.7-fold relative to the amount of this protein component

present in the Day-7 sample.

(g) Dav-15. BS+ve. glycosylated proteins (Ficr. 3 .1.2 . i .cr)

Two A2ggnm peaks corresponding to molecular weights of 99.8kDa

and >250.0kDa with respective peak sizes of 50.0%(A-ml) and

50.0%(A-ml) were obtained. As in the case of the profiles obtained

above for BS+ve, [ 3H]-leucine-incorporated proteins, the former

(99.8kDa) A280nm peak coincided with a dip in the radioactivity

profile, again suggesting that the protein component represented by

the A280nm peak in this profile was also non-radioactive. The latter

A28onm Peak (>250.0kDa) did, however, coincide with a major peak of

radioactivity which represented a protein with a molecular weight

occurring in the same molecular weight range and which had a size of

43.3%-ml. Peaks of radioactivity which represented proteins with

molecular weights occurring in ranges of 218.8 to 250.0kDa, 129.3 to

147.9kDa, 77.1 to 87.8kDa, 52.1 to 59.4kDa, 30.9 to 35.2kDa, 8.4 to

9. 6kDa and 5.6 to 6 . 5kDa with respective sizes of 39.0%-ml, 24.1%-ml,

28.3%-ml, 21.9%-ml, 22.9%-ml, 2.9%-ml, 4.4%-ml were also obtained, as

were several peaks of radioactivity representing proteins with

molecular weights of less than 5.6kDa which had a combined size of

11.8%-ml.
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(h) Dav-7 , BS+ve. glycosylated proteins (Ficr. 3 .1. 2 . i . h)

Two A280nm peaks corresponding to molecular weights of 99.8kDa

and >250.0kDa with respective peak sizes of 54.7%(A-ml) and

45.3% (A-ml) were obtained. As in the case of the profiles obtained

above for Day-15, BS+ve, glycosylated proteins and for both BS+ve

[3H]-leucine-incorporated protein samples, the former (99.8kDa)

A28onm peak coincided with a dip in the radioactivity profile, again

suggesting that the protein component represented by the A280nm peak

in this profile was also non-radioactive. The latter A280nm peak

(>250.0kDa) did however coincide with a peak of radioactivity which

represented a protein with a molecular weight occurring in the same

molecular weight range and which had a size of 22.5%-ml. Peaks of

radioactivity which represented proteins with molecular weights

occurring in ranges of 168.6 to 192.1kDa, 77.1 to 87.8kDa, 52.1 to

59.4kDa, 30.9 to 35.2kDa, 23.8 to 27.1kDa, 18.4 to 20.9kDa and 9.6 to

10.9kDa with respective sizes of 12.2%-ml, 18.9%-ml, 17.1%-ml,

17.4%-ml, 8.7%-ml, 27.6%-ml, 10.3%-ml were also obtained as were

several large peaks of radioactivity representing proteins with

molecular weights of less than 5.6kDa which had a combined size of

61.2%-ml.

PSR values determined for A280nm and radioactivity peaks common

to profiles obtained for secreted, BS+ve, glycosylated proteins

synthesised in culture by Day-7 and Day-15 endometrium are shown in

Table 3.I.2.C. An A280nm peak representing one or more protein(s)

with molecular weight (s) >250.0kDa was common to both the U.V.
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elution profiles of the Day-7 and the Day-15 samples. The PSR value

determined for this peak revealed the amout of this component present

in the Day-15 sample to be approximately the same as the amount

present in the Day-7 sample. The PSR value determined for the

'mutual' A28Onm peak corresponding to a molecular weight of 99.8kDa,

which was present in the elution profiles obtained for both the Day-7

and the Day-15 samples, showed that the amount of this protein

component in the Day-15 sample was, again, approximately the same as

the amount of this component present in the Day-7 sample.

Furthermore, in the elution profiles obtained for both the Day-7 and

the Day-15 protein samples, the A280nm 'mutual' peak corresponding to

a molecular weight of >250.0kDa coincided with a peak of

radioactivity which represented protein(s) with molecular weight(s)

in the same molecular weight range (i .e .>250. OkDa) . The PSR value

determined for this 'common' peak of radioactivity indicated that the

amount of this protein component (>250.OkDa) present in the Day-15

sample was nearly twice the amount of this component present in the

Day-7 sample. Peaks of radioactivity which represented proteins with

molecular weights in the ranges 77.1 to 87.8kDa, 52.1 to 59.4kDa,

30.9 to 35.2kDa, 8.4 to 9. 6kDa and <5.6kDa were also common to the

radioactivity profiles obtained for both the Day-7 and the Day-15

samples. PSR evaluation of these peaks indicated that the amount of

the radioactive protein with a molecular weight in the range 77.1 to

87.8kDa present in the Day-15 sample was increased 1.5-fold relative

to the amount of this component present in the Day-7 sample. The
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amounts of radioactive proteins with molecular weights in the ranges

52.1 to 59.4kDa and 30.9 to 35.2kDa, present in the Day-15 sample,

were both increased 1.3-fold relative to the amounts of these

components present in the Day-7 sample. Finally, the amounts of

radioactive proteins with molecular weights in the ranges 8.4 to

9.6kDa and <5.6kDa present in the Day-15 sample were approximately

one-third, and one-fifth, respectively, of the amounts present in the

Day-7 sample.

liij Ion exchange chromatography

(a) Anion exchange:

The anion exchange elution profiles determined for the various

categories of lyophilized LMWR, HMWR and VHMWR proteins obtained

following chromatography on DEAE-Sepharose CL-6B are shown in Figures

3.1.2.ii.a-h . A consistent feature seen in all of the profiles

obtained was the elution of a major A280nm Pea^ during the transition

from the third elution step (0.2M) to the fourth (0.3M), with the

apex of the peak occurring in almost every case in Fraction 25.

Furthermore, this peak was the only prominent peak present in

profiles obtained for HMWR proteins of the various protein

categories. This peak was also found to coincide with a peak of

radioactivity in all profiles obtained for the different Day-15

samples. As this A280nm peak was a common feature in all of the

profiles and as the apex of this peak coincided with approximately

the midpoint of the ion exchange procedure, differences among the

degrees of acidity of the three molecular weight ranges of the
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Figure 3.1.2.ii.a

Anion exchange elution profiles obtained for the different weight

ranges of secreted, BS-ve, [3H]-leucine-incorporated proteins

synthesised in culture by Day-15 guinea-pig endometrium, following

chromatography on DEAE-Sepharose CL-6B using step-wise elution.

A280nm ~ U-v- absorbance at 280nm; LMWR Proteins - proteins subjected
to chromatography with molecular weights < 30.9kDa; HMWR Proteins -

proteins subjected to chromatography with molecular weights in the

range 30.9 to 129.3kDa; VHMWR Proteins - proteins subjected to

chromatography with molecular weights > 129.3kDa.
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Figure 3.1.2.ii.h

Anion exchange elution profiles obtained for the different weight

ranges of secreted, BS-ve, [3H]-leucine-incorporated proteins

synthesised in culture by Day-7 guinea-pig endometrium, following

chromatography on DEAE-Sepharose CL-6B using step-wise elution.

A280nm - U.V. absorbance at 280nm; LMWR Proteins - proteins subjected
to chromatography with molecular weights < 27.1kDa; HMWR Proteins -

proteins subjected to chromatography with molecular weights in the

range 27.1 to 168.6kDa; VHMWR Proteins - proteins subjected to

chromatography with molecular weights > 168.6kDa.
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Figure 3-1-2-ii.c

Anion exchange elution profiles obtained for the different weight

ranges of secreted, BS-ve, glycosylated proteins synthesised in
culture by Day-15 guinea-pig endometrium, following chromatography on

DEAE-Sepharose CL-6B using step-wise elution. A2gonm - U.V.
absorbance at 280nm; LMWR Proteins - proteins subjected to

chromatography with molecular weights < 35.2kDa; HMWR Proteins -

proteins subjected to chromatography with molecular weights in the

range 35.2 to 147.9kDa; VHMWR Proteins - proteins subjected to

chromatography with molecular weights > 147.9kDa.
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Figure 3.1.2 .ii.d

Anion exchange elution profiles obtained for the different weight

ranges of secreted, BS-ve, glycosylated proteins synthesised in
culture by Day-7 guinea-pig endometrium, following chromatography on

DEAE-Sepharose CL-6B using step-wise elution. A280nm - U.V.
absorbance at 280nm; LMWR Proteins - proteins subjected to

chromatography with molecular weights < 35.2kDa; HMWR Proteins -

proteins subjected to chromatography with molecular weights in the

range 35.2 to 147.9kDa; VHMWR Proteins - proteins subjected to

chromatography with molecular weights > 147.9kDa.
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Figure 3.1.2.ii.e

Anion exchange elution profiles obtained for the different weight

ranges of secreted, BS+ve, [3H]-leucine-incorporated proteins

synthesised in culture by Day-15 guinea-pig endometrium, following

chromatography on DEAE-Sepharose CL-6B using step-wise elution.

A280nm ~ U.v. absorbance at 280nm; LMWR Proteins - proteins subjected
to chromatography with molecular weights < 23.8kDa; HMWR Proteins -

proteins subjected to chromatography with molecular weights in the

range 23.8 to 129.3kDa; VHMWR Proteins - proteins subjected to

chromatography with molecular weights > 129.3kDa.
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Figure 3.1.2.ii.f

Anion exchange elution profiles obtained for the different weight

ranges of secreted, BS+ve, [3H]-leucine-incorporated proteins

synthesised in culture by Day-7 guinea-pig endometrium, following

chromatography on DEAE-Sepharose CL-6B using step-wise elution.

A28onm ~ U.V. absorbance at 280nm; LMWR Proteins - proteins subjected
to chromatography with molecular weights < 18.4kDa; HMWR Proteins -

proteins subjected to chromatography with molecular weights in the

range 18.4 to 129.3kDa; VHMWR Proteins - proteins subjected to

chromatography with molecular weights > 129.3kDa.
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Figure 3.1.2.ii.cr

Anion exchange elution profiles obtained for the different weight

ranges of secreted, BS+ve, glycosylated proteins synthesised in
culture by Day-15 guinea-pig endometrium, following chromatography on

DEAE-Sepharose CL-6B using step-wise elution. A280nm ~ U.V.
absorbance at 280nm; LMWR Proteins - proteins subjected to

chromatography ,with molecular weights < 35.2kDa; HMWR Proteins -

proteins subjected to chromatography with molecular weights in the

range 35.2 to 147.9kDa; VHMWR Proteins - proteins subjected to

chromatography with molecular weights > 147.9kDa.
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Figure 3.1.2.ii.h

Anion exchange elution profiles obtained for the different weight
ranges of secreted, BS+ve, glycosylated proteins synthesised in
culture by Day-7 guinea-pig endometrium, following chromatography on

DEAE-Sepharose CL-6B using step-wise elution. A280nm ~ U.V.
absorbance at 280nm; LMWR Proteins - proteins subjected to

chromatography with molecular weights < 35.2kDa; HMWR Proteins -

proteins subjected to chromatography with molecular weights in the

range 35.2 to 147.9kDa; VHMWR Proteins - proteins subjected to

chromatography with molecular weights > 147.9kDa.



different protein categories were determined by measuring the spread

of total (UV absorbing) and radioactive proteins around Fraction 25.

This procedure involved determining for each weight range the

difference in the percentage of the total amount of UV absorbing and

radioactive protein eluted before and after this midpoint by

subtracting in each case the fraction of the total area under the

relevent elution curve occurring before the midpoint from that

occurring after this point. Values obtained were then considered as

giving an index (henceforth referred to as the 'bias index' or BI) of

the direction of bias (i.e. more acidic or less acidic) of the spread

of the weight range proteins relative to the midpoint. Thus a BI

value of zero indicated normal or unbiased distribution and values

greater than or smaller than zero indicated a more acidic or less

acidic bias, respectively.

Figure 3.1.2.ii.i shows BI values determined for the different

molecular weight ranges of Day-7 and Day-15, BS-ve and BS+ve,

secreted endometrial proteins using respective U.V. elution profiles.

With regards to BS-ve, secreted, endometrial proteins, LMWR and VHMWR

proteins of both the Day-15 and one of the Day-7 protein samples

(Day-7, glycosylated sample) possessed a more acidic bias; LMWR and

VHMWR, Day-7, BS-ve, ( 3H]-leucine-incorporated proteins both

possessed a less acidic bias. However, HMWR proteins of all BS-ve,

Day-7 and Day-15 samples possessed negative values and thus a less

acidic bias. BI values calculated for the HMWR, Day-7, BS-ve samples

were lower than BI values determined for the HMWR, Day-15, BS-ve
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Figure 3.1.2-ii.i

Bias Index (BI) values determined for the different

molecular weight ranges of secreted, BS-ve and BS+ve

[3H]-leucine-incorporated, and BS-ve and BS+ve

glycosylated proteins synthesised in culture by Day-7 and

Day-15 guinea-pig endometrium using respective anion

exchange U.V. elution profiles. LMWR - low molecular

weight range proteins; HMWR - high molecular weight range

proteins; VHMWR - very high molecular weight range

proteins. The molecular weight limits for the different

weight ranges of the various categories of Day-15 and

Day-7 proteins subjected to chromatography are given in
the legends to respective anion exchange profiles
obtained.



samples, which suggested that the HMWR, Day-7, BS-ve samples

possessed a lower acidic bias than the HMWR, Day-15, BS-ve protein

samples. In the case of BS+ve, secreted, endometrial proteins, the

three weight-range categories of all Day-7 and Day-15 protein samples

possessed positive BI values, which indicated that proteins in these

weight ranges possessed a more acidic bias. Furthermore, the BI

value, and hence the acidity, of each of the three Day-7 and Day-15

molecular weight range protein samples appeared to increase with the

size of the the weight range.

Figure 3.1.2.ii.j shows BI values determined for the different

molecular weight ranges using respective radioactivity profiles

obtained for secreted, BS-ve and BS+ve, [ 3H]-leucine-incorporated

proteins and BS-ve and BS+ve, glycosylated proteins synthesised in

culture by Day-7 and Day-15 guinea-pig endometrium. These results are

discussed further under the various headings below.

A. BS-ve Proteins:

Results obtained followed the same pattern as those for total

(U.V. absorbing) Day-7 and Day-15, BS-ve proteins.

1. Day-15. r3H1-Leucine-incorporated Proteins:

Both VHMWR and LMWR proteins possessed a more acidic bias

whilst HMWR proteins possessed a less acidic bias.

2. Pay-7, f 3H1-Leucine-incorporated Proteins :

Both HMWR and VHMWR proteins possessed a highly, less acidic

bias whilst LMWR proteins possessed a more acidic bias.

141



BS-ve Proteins

LMWR

HMWR

VHMWR

Day-15[3H]-Leucine- Day-7[3H]-Leucfne Day-15
Incorporated -Incorporated Glycosylated
Proteins Proteins Proteins

Day-7
Glycosylated
Proteins

BS+ve Proteins

LMWR

HMWR

VHMWR

Day-15[3H]-Leucine- Day-7[3H]-Leucine Day-15
Incorporated -Incorporated Glycosylated
Proteins Proteins Proteins

Day-7
Glycosylated
Proteins



Figure 3 . 1 . 2 . i i - n

Bias Index (BI) values determined for the different

molecular weight ranges of secreted, BS-ve and BS+ve

[3H]-leucine-incorporated, and BS-ve and BS+ve

glycosylated proteins synthesised in culture by Day-7 and

Day-15 guinea-pig endometrium using respective anion

exchange radioactivity elution profiles. LMWR - low

molecular weight range proteins; HMWR - high molecular

weight range proteins; VHMWR - very high molecular weight

range proteins. The molecular weight limits for the

different weight ranges of the various categories of Day-

15 and Day-7 proteins subjected to chromatography are

given in the legends to respective anion exchange

profiles obtained.



In general, the acidic character of all three weight ranges

seemed to decrease from Day 7 to Day 15.

3. Day-15, Glycosylated Proteins :

LMWR proteins possessed a highly, less acidic bias whilst both

HMWR and VHMWR proteins possessed a more acidic bias, the latter much

more so than the former.

4. Day-7. Glycosylated Proteins:

Both LMWR and HMWR proteins possessed a less acidic bias. In

contrast VHMWR proteins possessed a highly, more acidic bias.

In general whereas the acidic character of LMWR and VHMWR

proteins decreased from Day 7 to Day 15, it increased for HMWR

proteins.

B. BS+ve Proteins:

1. Day-15. f3H1 -Leucine-Incorporated Proteins:

Both LMWR and HMWR proteins possessed a less acidic bias, the

former much more so than the latter. VHMWR proteins possessed a

highly more acidic bias.

2. Dav-7, r3H1 -Leucine-Incorporated Proteins :

The pattern of acidity obtained for the three molecular weight

ranges of this protein category was similar to that obtained for

total (U.V. absorbing) Day-7 and Day-15, BS+ve proteins in that all

three weight ranges had an acidic bias which increased with the size

of the range.

Overall the acidic character of all three weight ranges

appeared to decrease from Day 7 to Day 15.
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3. Pay-15, Glycosylated Proteins:

Both VHMWR and HMWR proteins possessed a less acidic bias, the

former much more so than the latter. HMWR proteins possessed a more

acidic bias.

4. Day-7, Glycosylated Proteins:

The pattern of acidity obtained for the three weight ranges in

this protein category was in direct contrast to that obtained for

BS+ve, Day-15, glycosylated proteins in that both LMWR and VHMWR

proteins possessed a more acidic bias whereas HMWR proteins possessed

a highly, less acidic bias.

As in the case of the different BS-ve, Day-7 and Day-15

glycosylated, different molecular weight range proteins, the acidic

character of LMWR and VHMWR proteins decreased from Day 7 to Day 15,

whereas it increased for HMWR proteins.

(b) Cation exchange

The cation exchange elution profiles determined for Day-15 and

Day-7, BS-ve, [3H]-leucine-incorporated, HMWR proteins following

chromatography on CM-Sepharose CL-6B is shown in Figure 3.1.2.ii.k.

As expected both samples eluted almost entirely in buffer

containing 0.OM NaCl confirming their acidic nature. In the case of

the Day-7 sample, whereas the UV trace showed no further elution of

proteins after Fraction 10 (the last fraction of the 0. OM NaCl

elution step), peaks of radioactivity continued to be eluted after

this fraction. This was surprising since no ,basic' peak was seen in

the 0.OM NaCl elution step of the profile determined for the anion
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Figure 3.1.2.ii.k

Cation exchange elution profiles obtained for BS-ve, [3H]-leucine-
incorporated, HMWR proteins synthesised in culture by Day-15 and Day-
7 guinea-pig endometrium, following chromatography on CM-Sepharose

CL-6B using step-wise elution. A2gonm ~ U.V. absorbance at 280nm;

Day-15, BS-ve, HMWR, [3H]-leucine-incorporated proteins subjected to

chromatography possessed molecular weights in the range 30.9 to

129.3kDa; Day-7, BS-ve, HMWR, [3H]-leucine-incorporated proteins

subjected to chromatography possessed molecular weights in the range

27.1 to 168.6kDa.



exchange separation of portions of the same protein. In the case of

the Day-15 sample, there was only one major peak of radioactivity

seen after Fraction 10, namely that contained in Fraction 21. The

presence of this peak was not unexpected as this peak presumably

contains the same radioactive protein(s) which eluted in the 0.0M

NaCl elution step of the profile determined for the anion exchange

separation of portions of the same protein.

(iii) SDS-PAGE:

1. Unfractionated. BS-ve and BS+ve, f3H1 -Leucine-Incorporated. and

BS-ve and BS+ve. Glycosylated Proteins Synthesised and Secreted

in Culture by Day-7 and Day-15 Guinea-Pig Endometrium

The array of bands obtained following the Coomassie Blue

staining of gels used to separate by one-dimensional SDS-PAGE BS-ve

and BS+ve, [3H]-leucine-incorporated, and BS-ve and BS+ve,

glycosylated proteins synthesised and secreted in culture by Day-7

and Day-15 guinea-pig endometrium are shown in Figures 3.1.2.iii.a.i

3.1.2.iii.a.ii and 3.1.2.iii.b. Also illustrated in these Figures are

the molecular weights, and positions along individual runs of

component proteins represented by peaks of radioactivity (henceforth

referred to as 'points of radioactivity') present in profiles

determined for individual samples which are shown in Figures

3.1.2.iii.c-j. Figure 3.1.2.iii.a.i also shows the positions of

midpoints of regions of molecular weight proximity (depicted as

bands) present in the 'mean' SDS-PAGE molecular weight profiles

determined for Day-7 and Day-15, BS-ve proteins (see Table 3.1.2.a)

relative to the position of bands obtained for Day-7 and Day-15, BS-
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Figure 3.1.2.iii.a.i
One-dimensional SDS-PAGE analysis of BS-ve, [3H]-leucine-incorporated proteins
synthesised and secreted in culture by Day-7 and Day-15 guinea-pig endometrium.
Proteins [ 100)J.g/sample; 60|Xg (approx.)/standard sample] were run on a 12%
homogeneous polyacrylamide gel for 12h at a constant current of 12mA which was

subsequently developed using Coomassie Blue staining. STD - standard molecular
weight (kDa) proteins. RP - molecular weights (kDa) and positions along individual
runs of proteins represented by peaks of radioactivity in profiles determined for

Day-15 (Figure 3.1.2.iii.c) and Day-7 (Figure 3.1.2.iii.d), BS-ve, [3H]-leucine-
incorporated protein samples following slicing and counting of gel runs. Day 7 -

band profile obtained for Day-7, BS-ve, [3H]-leucine-incorporated proteins; Day 15
- band profile obtained for Day-15, BS-ve, [3H]-leucine-incorporated proteins. M
Day 7 - Positions along run of midpoints of regions of molecular weight proximity
(represented as bands) present in the 'mean' SDS-PAGE molecular weight profile
determined for Day-7, BS-ve, endometrial proteins (Table 3.1.2.a); M Day 15 -

Positions along run of midpoints of regions of molecular weight proximity
(represented as bands) present in the 'mean' SDS-PAGE molecular weight profile
determined for Day-15, BS-ve, endometrial proteins (Table 3.1.2.a) . For both M Day
7 and M Day 15, each band represents the mean (± s.e.m, n > 4) molecular weight
(kDa) corresponding to the midpoint of a region of molecular weight proximity, and
the width of the upper and lower halves of a band correspond, respectively, to the
upper and lower limits of the mean it represents. Shadowed figures represent
molecular weights of radioactive proteins common to both Day-7 and Day-15 samples
whose levels were increased (19.9-fold for protein with molecular weight 74.3kDa
and 79.5-fold for protein with molecular weight between 17.4 and 17.7kDa) in going
from Day-7 to Day-15 of the oestrous cycle. ( *)- Positions along run of midpoints
of regions of molecular weight proximity (represented as bands) present in the
'mean' SDS-PAGE molecular weight profile determined for Day-15, BS-ve, endometrial
proteins which were absent from the 'mean' SDS-PAGE molecular weight profile
determined for Day-7, BS-ve, endometrial proteins (Table 3.1.2.a).
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One-dimensional SDS-PAGE analysis of BS+ve, [3H]-leucine-incorporated
proteins synthesised and secreted in culture by Day-7 and Day-15
guinea-pig endometrium. Proteins [100|lg /sample;
60(lg (approx.)/standard sample] were run on a 12% homogeneous
polyacrylamide gel for 12h at a constant current of 12mA which was

subsequently developed using Coomassie Blue staining. Day 7 - band
profile obtained for Day-7, BS + ve, [ 3H]-leucine-incorporated
proteins; Day 15 - band profile obtained for Day-15, BS+ve, [3H]~
leucine-incorporated proteins; STD - standard molecular weight (kDa)
proteins; RP - molecular weights (kDa) and positions along individual
runs of proteins represented by peaks of radioactivity in profiles
determined for Day-15 (Figure 3.1.2.iii.e) and Day-7 (Figure
3.1.2.iii.f), BS+ve, [3H]-leucine-incorporated protein samples
following slicing and counting of gel runs.
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Figure 3.1.2.iii.h

One-dimensional SDS-PAGE analysis of BS-ve and BS+ve, glycosylated
([3H]-glucosamine incorporated) proteins synthesised and secreted in
culture by Day-7 and Day-15 guinea-pig endometrium. Proteins
[ 100|ig/sample; 60(lg (approx.)/standard sample] were run on a 12%
homogeneous polyacrylamide gel for 12h at a constant current of 12mA
which was subsequently developed using Coomassie Blue staining. Day
7: (BS-ve) - band profile obtained for Day-7, BS-ve, glycosylated
proteins, (BS+ve) - band profile obtained for Day-7, BS+ve,
glycosylated proteins; Day 15: (BS-ve) - band profile obtained for
Day-15, BS-ve, glycosylated proteins, (BS+ve) - band profile obtained
for Day-15, BS+ve, glycosylated proteins; STD - standard molecular
weight (kDa) proteins; RP - molecular weights (kDa) and positions
along individual runs of proteins represented by peaks of
radioactivity in profiles determined for Day-15 (Figure 3.1.2.iii.g)
and Day-7 (Figure 3.1.2.iii.h), BS-ve, glycosylated and Day-15
(Figure 3.1.2.iii.i) and Day-7 (Figure 3 . 1.2.iii . j ) , BS+ve,
glycosylated protein samples following slicing and counting of gel
runs .

STD - E£ RP BS+ve

94.0-4

67.0

14,4—»

HP BS-ve

132.4—A

31.6—y

28.4—)

22.9—4

20.6—)

18.8—>

mm i
HE BS+vg HID

139.

121.3-)

106.7—-)j:

91.2—+|

80.7—)

73.

65.2—)
60.

55.

49.

67. 0—4

43.0—»

97.1—)'

83.6—)
77.6—).
72.6-)
67.8—)
63.2—>
59.2-).
54.1—)

44,8—)
42.1 —•)
40.6-+ 40.

37.
35.
35.

32.

29. 7—>

23.

21.
20.9

20.1-)!



Dav-15. BS-ve. r3Hl-Leucine-Incorporated Proteins
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Figure 3.1.2.iii.c

Radioactivity profile determined for secreted, BS-ve, [3H]-leucine-

incorporated proteins synthesised in culture by Day-15 guinea-pig

endometrium, following seperation by SDS-PAGE (see Figure
3 .1. 2 . iii . a . i) . The gel was sliced and gel sections were counted to

determine the amount of radioactivity (dpm) present in each section [see

part (iii) of the 'Methods' section of this Experiment] . The various

figures in the profile indicate the molecular weights (kDa) of proteins
represented by the different peaks of radioactivity.



Day-7. BS-ve. T3H1-Leucine-Incorporated Proteins
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Figure 3.1.2.iii.d

Radioactivity profile determined for secreted, BS-ve, [ 3H]-leucine-
incorporated proteins synthesised in culture by Day-7 guinea-pig

endometrium, following seperation by SDS-PAGE (see Figure
3 .1.2 . iii . a . i) . The gel was sliced and gel sections were counted to

determine the amount of radioactivity (dpm) present in each section [see

part (iii) of the ''Methods' section of this Experiment] . The various

figures in the profile indicate the molecular weights (kDa) of proteins

represented by the different peaks of radioactivity.



10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120

Section no. (lsection ~1.52mm)

Dav-15. BS+ve. f3Hl-Leucine-Incorporated Proteins

Figure 3.1.2.iii . e

Radioactivity profile determined for secreted, BS+ve, [ 3H]-leucine-
incorporated proteins synthesised in culture by Day-15 guinea-pig

endometrium, following seperation by SDS-PAGE (see Figure
3.1.2.iii.a.ii). The gel run was sliced and gel sections were counted to

determine the amount of radioactivity (dpm) present in each section [see

part (iii) of the '"Methods' section of this Experiment] . The various

figures in the profile indicate the molecular weights (kDa) of proteins
represented by the different peaks of radioactivity.



Dav-7. BS+ve. r3Hl-Leucine-Incorporated Proteins
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Figure 3.1.2.iii.f

Radioactivity profile determined for secreted, BS+ve, [ 3H]-leucine-
incorporated proteins synthesised in culture by Day-7 guinea-pig

endometrium, following seperation by SDS-PAGE (see Figure
3.1.2.iii.a.ii). The gel run was sliced and gel sections were counted to

determine the amount of radioactivity (dpm) present in each section [see

part (iii) of the ''Methods' section of this Experiment] . The various

figures in the profile indicate the molecular weights (kDa) of proteins

represented by the different peaks of radioactivity.



Dav-15. BS-ve. Glycosylated Proteins
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Figure 3.1.2.iii.q

Radioactivity profile determined for secreted, BS-ve, glycosylated

proteins synthesised in culture by Day-15 guinea-pig endometrium,

following seperation by SDS-PAGE (see Figure 3.1.2.iii.b). The gel run

was sliced and gel sections were counted to determine the amount of

radioactivity (dpm) present in each section [see part (iii) of the
^Methods' section of this Experiment]. The various figures in the

profile indicate the molecular weights (kDa) of proteins represented by

the different peaks of radioactivity.



Dav-7. BS-ve. Glycosylated Proteins
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Figure 3.1.2.iii.h

Radioactivity profile determined for secreted, BS-ve, glycosylated

proteins synthesised in culture by Day-7 guinea-pig endometrium,
following seperation by SDS-PAGE (see Figure 3.1.2.iii.b). The gel run

was sliced and gel sections were counted to determine the amount of

radioactivity (dpm) present in each section [see part (iii) of the
■"Methods' section of this Experiment] . The various figures in the

profile indicate the molecular weights (kDa) of proteins represented by
the different peaks of radioactivity.



Dav-15. BS+ve. Glycosylated Proteins

Figure 3.1■Z ■iii■i

Radioactivity profile determined for secreted, BS+ve, glycosylated

proteins synthesised in culture by Day-15 guinea-pig endometrium,

following seperation by SDS-PAGE (see Figure 3.1.2.iii.b). The gel run

was sliced and gel sections were counted to determine the amount of

radioactivity (dpm) present in each section [see part (iii) of the
^Methods' section of this Experiment]. The various figures in the

profile indicate the molecular weights (kDa) of proteins represented by

the different peaks of radioactivity.



Dav-7. BS+ve. Glycosylated Proteins
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Figure 3.1.2.iii.i

Radioactivity profile determined for secreted, BS+ve, glycosylated

proteins synthesised in culture by Day-7 guinea-pig endometrium,

following seperation by SDS-PAGE (see Figure 3.1.2.iii.b). The gel run

was sliced and gel sections were counted to determine the amount of

radioactivity (dpm) present in each section [see part (iii) of the
,Methods' section of this Experiment]. The various figures in the

profile indicate the molecular weights (kDa) of proteins represented by
the different peaks of radioactivity.



ve, radioactive proteins, respectively. The results shown in Figures

3.1.2.iii.a.i, 3.1.2.iii.a.ii and 3.1.2.iii.b, and in Figures

3.1.2.iii.c-j are discussed further under the various relevant

headings given below.

(a) BS-ve. f3Hl-Leucine-Incorporated Proteins

Day-7 Sample

Points of radioactivity corresponding to molecular weights of

126.5kDa, 83.0kDa, 74.3kDa, 29.2kDa and 28.1kDa (Figure 3.1.2.iii.d)

coincided with bands in the band profile obtained for this sample

(Figure 3.1.2.iii.a.i), and the band coinciding with the point of

radioactivity corresponding to a molecular weight of 83.0kDa was the

second largest in intensity of all bands obtained. Regions of

molecular weight proximity present in the ''mean' SDS-PAGE molecular

weight profile determined for Day-7, BS-ve proteins with mean (±

s.e.m., n > 4) midpoint molecular weights of 20.2 ± O.lkDa, 33.1 ±

0.3kDa and 64.7 ± 0.8kDa (Table 3.1.2.a) also coincided with bands in

the band profile obtained for this sample (Figure 3 .1.2.iii.a.i) .

Day-15 Sample

Points of radioactivity corresponding to molecular weights of

118.0kDa, 81.3kDa, 74.3kDa, 17.4kDa and 16.0kDa (Figure 3.1.2.iii.c)

coincided with bands in the band profile obtained for this sample

(Figure 3.1.2.iii.a.i) and the band coinciding with the point of

radioactivity corresponding to a molecular weight of 81.3kDa was the

second largest in intensity of all bands obtained. Regions of

molecular weight proximity present in the 'mean' SDS-PAGE molecular
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weight profile determined for Day-15, BS-ve proteins with mean (±

s.e.m., n > 4) midpoint molecular weights of 108.0 ± 0.8kDa, 101.9 ±

0. 4kDa, 66.5 ± 0.8kDa, 56.9 ± 0.4kDa, 33.6 ± 0.3kDaf 29.6 ± 0.2kDa

and 19.2 ± 0.lkDa (Table 3.1.2.a) also coincided with bands in the

band profile obtained for this sample (Figure 3.1.2.iii.a.i).

Moreover, the regions of molecular weight proximity present in the

'mean' SDS-PAGE molecular weight profile determined for Day-15, BS-ve

proteins with mean (± s.e.m., n > 4) midpoint molecular weights of

101.9 ± 0.4kDa, 56.9 ± 0. 4kDa and 19.2 ± 0.lkDa were significantly

(P<0.05) different from all other mean (± s.e.m., n > 4) molecular

weights corresponding to the midpoints of regions of molecular weight

proximity present in the 'mean' SDS-PAGE molecular weight profile

determined for Day-7, BS-ve proteins (Table 3.1.2.a).

As in the case of the band profiles obtained for the various

BS-ve proteins used to construct 'mean' SDS-PAGE molecular weight

profiles (Table,3.1.2.a), in both of the above cases a protein band

corresponding to a molecular weight of approximately 67kDa was

present and was by far the largest in intensity of all bands obtained

(Figure 3.1.2.iii.a . i) . Furthermore, the apparent intensity of this

band in the profile obtained for the Day-15 sample was much greater

than the intensity of the same band in the profile obtained for the

Day-7 sample, and neither of these bands was radioactive in nature.

Also in both cases, band resolution appeared to decrease for bands

representing proteins with molecular weights of less than

approximately 20kDa.

146



(b) BS+ve, r3H1-Leucine-Incorporated Proteins

Day-7 Sample

Points of radioactivity corresponding to molecular weights of

134.9kDa, 103.OkDa, 67.0kDa, 61.OkDa, 58.1kDa, 39.3kDa, 34.1kDa and

21.0kDa (Figure 3.1.2.iii.f) coincided with bands in the band profile

obtained for this sample (Figure 3.1.2.iii.a.ii) and the band

coinciding with the point of radioactivity corresponding to a

molecular weight of 103.OkDa was the second largest in intensity of

all bands obtained.

Day-15 Sample

Points of radioactivity corresponding to molecular weights of

41.3kDa, 21.OkDa and 15.9kDa (Figure 3.1.2.iii.e) coincided with

bands in the band profile obtained for this sample (Figure

3.1.2. iii.a.ii)

Again in both of the above cases a protein band corresponding to

a molecular weight of approximately 67kDa was present, and it was by

far the largest in intensity of all bands obtained. Also the centre

of this band in the Day-7 profile appeared to coincide with the point

of radioactivity corresponding to a molecular weight of 67.OkDa

(Figure 3.1.2.iii.f).
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(c) BS-ve, Glycosylated Proteins

Day-7 Sample

Points of radioactivity corresponding to molecular weights of

63.2kDa, 54.1kDa, 37.3kDa, 36.0kDa and 31.6kDa (Figure 3.1.2.iii.h)

coincided with bands in the band profile obtained for this sample

(Figure 3.1.2.iii.b).

Dav 15 Sample

Points of radioactivity corresponding to molecular weights of

119.lkDa, 106.4kDa, 79.3kDa, 69.7kDa, 57.4kDa, 45.5kDa, 35.4kDa,

33.9kDa and 16.0kDa (Figure 3.1.2.iii.g) coincided with bands in the

band profile obtained for this sample (Figure 3.1.2.iii.b).

Once more, in both of the above cases, a protein band

corresponding to a molecular weight of approximately 67kDa was

present, and it was by far the largest in intensity of all bands

obtained. Also the size of this band in the profile obtained for the

Day-15 sample was much larger in intensity than the intensity of the

same band in the profile obtained for the Day-7 sample. In both cases

the band coincided with more than one point of radioactivity, namely

at 73.3kDa and 69.7kDa in the case of the band present in the profile

obtained for the Day-15 sample, and at 67.8kDa and 63.2kDa in the

case of the band present in the profile obtained for the Day-7

sample.

(d) BS+ve. Glycosylated Proteins

Day-7 Sample

Points of radioactivity corresponding to molecular weights of

139.OkDa, 106.7kDa, 91.2kDa, 80.7kDa, 73.3kDa, 65.2kDa, 45.6kDa,
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32.5kDa and 14.9kDa (Figure 3.1.2.iii.j) coincided with bands in the

band profile obtained for this sample (Figure 3.1.2.iii.b) , and the

band coinciding with the point of radioactivity corresponding to a

molecular weight of 106.7kDa was one of the largest in intensity

obtained.

Day-15 Sample

Points of radioactivity corresponding to molecular weights of

105.7kDa, 84.7kDa, 68.9kDa, 40.0kDa and 21.5kDa (Figure 3.1.2.iii.i)

coincided with bands in the band profile obtained for this sample

(Figure 3.1.2.iii.b) and the band coinciding with the point of

radioactivity corresponding to a molecular weight of 105.7kDa was the

second largest in intensity of all bands obtained.

As in the case of the previous profiles, both of the above

profiles revealed the presence of a protein band corresponding to a

molecular weight of approximately 67kDa, which was by far the largest

in intensity of.all bands obtained. Also the centre of this band in

the Day-15 profile appeared to coincide with the point of

radioactivity corresponding to a molecular weight of 68.9kDa.

Of all the radioactivity profiles obtained for the various

categories of proteins only those obtained for BS-ve, [ 3H]-leucine-

incorporated proteins contained ''focused' peaks; i.e. the peaks

present in these profiles were in general fewer in number, more

distinct and amplified in size relative to all other profiles

obtained. This indicates an increased incorporation of [3H]-leucine

into specific proteins. The profile obtained for Day-15, BS-ve, [3H]-
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leucine-incorporated proteins revealed two major peaks of

radioactivity corresponding to molecular weights of 17.4kDa and

74.3kDa which, respectively comprised 30.2% and 13.7% of the total

radioactivity recovered. Peaks were also found to be present in the

profile obtained for Day-7, BS-ve, [3H]-leucine-incorporated proteins

which corresponded to molecular weights of 74.30kDa and 17.70kDa and

which, respectively, comprised 0.7% and 0.4% of the total

radioactivity recovered. The latter of these two proteins is most

probably the same as that represented by the peak corresponding to a

molecular weight of 17.4kDa in the profile obtained for Day-15, [3H]—

leucine-incorporated proteins.

2. VHMWR. HMWR and LMWR. Day-15. BS-ve. f3H1-Leucine-Incorporated
Proteins

The array of bands obtained following the Coomassie Blue

staining of the gel used to separate by one-dimensional SDS-PAGE

VHMWR, HMWR and LMWR, Day-15, BS-ve, [ 3H]-leucine-incorporated

proteins is shown in Figure 3.1.2.iii.k. Also illustrated in this

Figure are molecular weights corresponding to positions along

individual runs which were determined as corresponding to peaks of

radioactivity present in profiles, shown in Figure 3.1.2.iii.l,

determined for each weight range sample. The results shown in Figures

3.1.2.iii.k and 3.1.2.iii.l are discussed further under the various

relevant headings given below.
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Figure 3.1.2.iii.k

One-dimensional SDS-PAGE analysis of various protein weight ranges
obtained following gel filtration on Sephacryl S-200HR of BS-ve,

[3H]-leucine-incorporated proteins synthesised and secreted in
culture by Day-15 guinea-pig endometrium. Proteins [ 100p.g/sample;
60|lg (approx.)/standard sample] were run on a 12% homogeneous
polyacrylamide gel for 12h at a constant current of 12mA which was

subsequently developed using Coomassie Blue staining. LMWR - proteins
subjected to electrophoresis with molecular weights < 30.9kDa; HMWR -

proteins subjected to electrophoresis with molecular weights in the
range 30.9 to 129.3kDa; VHMWR - proteins subjected to electrophoresis
with molecular weights > 129.3kDa. STD - standard molecular weight
(kDa) proteins; RP - molecular weights (kDa) and positions along
individual runs of proteins represented by peaks of radioactivity in
profiles determined for samples following slicing and counting of gel
runs (Figure 3 .1. 2.iii.1) .
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Figure 3.1.2-iii.l

Radioactivity profiles determined for the various protein weight
ranges (obtained by gel filtration on Sephacryl S-200HR; see Figure

3.1.2.i.a) of BS-ve, [ 3H]-leucine-incorporated proteins synthesised

and secreted in culture by Day-15, guinea-pig endometrium, following

seperation by SDS-PAGE (see Figure 3.1.2.iii.k). LMWR Proteins -

proteins subjected to electrophoresis with molecular weights <

30.9kDa; HMWR Proteins - proteins subjected to electrophoresis with
molecular weights in the range 30.9 to 129.3kDa; VHMWR Proteins -

proteins subjected to electrophoresis with molecular weights >

129.3kDa. In each case the gel run was sliced and gel sections were

counted to determine the amount of radioactivity (dpm) present in
each section [see part (iii) of the ''Methods' section of this

Experiment]. The various figures in each profile indicate the

molecular weights (kDa) of proteins represented by the different

peaks of radioactivity.



VHMWR Proteins

Points of radioactivity corresponding to molecular weights of

143.9kDa, 73.5kDa, 15.5kDa and 15.2kDa (Figure 3.1.2.iii.l) coincided

with bands in the band profile obtained for this sample (Figure

3.1.2.iii.k). The protein band corresponding to a molecular weight of

approximately 67kDa, present in all other band profiles analysed, was

also present in the profile obtained for this sample at a very much

reduced intensity. Highly defined bands were also seen at the point

of entrance of the sample into the gel and at the dye front of the

sample run.

HMWR Proteins

Points of radioactivity corresponding to molecular weights of

81.1kDa, 77.1kDa, 71.6kDa, 68.4kDa, 65.0kDa, 57.9kDa, 45.5kDa,

32.4kDa, 29.6kDa, 16.4kDa and 15.2kDa (Figure 3.1.2.iii.l) coincided

with bands in the band profile obtained for this sample (Figure

3.1.2.iii.k). The protein band corresponding to a molecular weight of

approximately 67kDa, present in all band profiles previously analysed

was also present in the profile obtained for this sample at a high

intensity, and in general the bands obtained in this profile were the

most highly defined relative to the profiles obtained for the other

two weight ranges.

LMWR Proteins

The band profile obtained for this sample revealed three very

faint protein bands with molecular weights greater than approximately

20kDa, namely at 71.1kDa, 34.3kDa and 24.6kDa in addition to several

very nondistinct bands corresponding to molecular weights of less
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than approximately 20kDa (Figure 3.1.2.iii.k). Also, points of

radioactivity corresponding to molecular weights of 24.6kDa, 15.5kDa

and 15.0kDa coincided with protein bands in this profile (Figure

3.1.2.iii.1)

All three profiles shown in Figure 3.1.2.iii.1 contained peaks

whose range lay outside the molecular weight limits of the range of

proteins subjected to electrophoresis. Thus, considering the profile

determined for LMWR proteins where the molecular weight range of

proteins subjected to electrophoresis was < 30.9kDa the actual

profile obtained revealed two regions of radioactivity. The first

region ranged from 15.0kDa to 26.3kDa, and included prominent peaks

at 15.0kDa, 18.4kDa and 23.0kDa which, respectively, comprised 4.8%,

7.7% and 12.1% of the total radioactivity recovered. A second

unexpected region ranged from 70.0kDa to 137.7kDa, and which included

prominent peaks at 81.7kDa, 90.6kDa, 106.9kDa and 119.7kDa which

respectively comprised 4.7%, 6.5%, 4.3% and 8.8% of the total

radioactivity recovered. The profile of radioactivity determined for

HMWR proteins revealed peaks corresponding to molecular weights

ranging from 15.2kDa to 71.6kDa including three major peaks at

23.4kDa, 36.3kDa and 68.7kDa which respectively comprised 14.9%,

12.7% and 12.2% of the total radioactivity recovered. These peaks

occurred despite the fact that the molecular weight range of proteins

subjected to electrophoresis was 30.9 to 129.3kDa. Likewise, in the

case of the profile obtained for VHMWR proteins, although the

molecular weight range of proteins subjected to electrophoresis was >

129.27kDa, two prominent peaks corresponding to molecular weights of
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21.83kDa and 28.58kDa were obtained which, respectively, comprised

28.4% and 19.8% of the total radioactivity recovered.

CONCLUSIONS

SDS-PAGE analysis in Experiment 1 of Day-7 and Day-15, BS-ve,

released endometrial proteins revealed the presence of a protein

which was a common component of both these protein samples and which

appeared to comprise in each case the largest fraction of all

proteins present. This common component possessed a relative mobility

which was similar to that of the protein standard bovine serum

albumin (MW ~ 67kDa). Further analysis of midpoints of regions of

molecular weight proximity present in 'mean' SDS-PAGE molecular

weight profiles determined for Day-7 and Day-15, BS-ve, released

endometrial proteins (Table 3.1.2.a) revealed the presence of several

Day-15, BS-ve, released endometrial protein components with mean (±

s.e.m., n > 4) molecular weights of 127.2 ± 0.7kDa, 101.9 ± 0.4kDa,

88.2 ± 0.5kDa, 56.9 ± 0.4kDa, 42.6 ± 0.3kDa and 19.2 ± 0.lkDa which

were absent from Day-7, BS-ve, released endometrial proteins.

U.V. elution profiles obtained in Experiment 2 following gel

filtration chromatography on Sephacryl S-200HR of secreted [3H]-

leucine-incorporated proteins, and glycosylated proteins synthesised

in culture by Day-7 and Day-15 endometrium were very similar to those

obtained for the sow (Murray et al., 1972) and the cow (Bartol et

al., 1985b) in that they revealed these protein samples to be

comprised in almost every case (the exception being Day-15, BS-ve,

[3H ] -1eucine-incorporated proteins) of only two
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protein components, namely one which was comprised of a single

protein and possessed a molecular weight of 99.8kDa and another which

was comprised of one or more proteins with molecular weight(s)

>250.0kDa. A point of interest was the fact that in all Day-7, BS-ve

protein samples the amount of the >250.0kDa protein component was

more than twice the amount of the 99.8kDa protein component. This

ratio was, however, reversed in the case of Day-15, BS-ve proteins

where, in every sample, the amount of the 99.8kDa protein component

was greater than the >250.03kDa protein component. No such pattern of

change was seen in the case of BS+ve proteins. Comparisons between

the relative quantities of these protein components present in Day-7

and Day-15, BS-ve samples revealed that whereas the amount of the

99.8kDa protein in Day-15 samples was twice as large as the amount of

this component present in Day-7 samples, the quantity of the

>250.03kDa protein in Day-15 samples was only one-tenth of the

quantity in Day-7 samples. Thus, judging from U.V. profiles these

results suggest that, with regards to total (i.e. radioactive and

non-radioactive) BS-ve proteins, there appears to be a shift in the

relative quantities of the two main component proteins secreted from

the guinea-pig endometrium with the amount of the 99.8kDa component

and the >250.0kDa component increasing and decreasing, respectively,

from Day 7 to Day 15 of the oestrous cycle. Analysis of respective

radioactivity profiles determined for these BS-ve proteins indicated

that the 99.8kDa protein component may not only be freshly

synthesised but also glycosylated in nature since in all profiles

obtained, a peak of radioactivity (following labelleling with
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[3H]-glucosamine) which represented a protein with a molecular weight

in the range 99.8 to 114.0kDa coincided with the A280nm peak

representing this 99.8kDa protein. Furthermore, total freshly

synthesised ( [3H]-leucine incorporated), and glycosylated levels of

this protein component were respectively 5.2 and 2.5 times greater in

Day-15, BS-ve protein samples than in Day-7 samples. Analysis of

radioactivity profiles determined for BS+ve proteins indicated that

the 99.8kDa protein component represented in A28onm profiles obtained

for these protein samples was not radioactive in nature since in

every case the A280nm peak representing this protein coincided with a

dip in the radioactivity profile determined for the protein sample.

Radioactivity profiles obtained for total freshly synthesised ( [ 3H] —

leucine incorporated), BS+ve proteins revealed the presence of a

protein which had a molecular weight of 40.1 to 45.7kDa whose

quantity was 4.7 times greater in the Day-15 sample than in the Day-7

sample. In addition, the quantity of proteins with molecular weights

>250.0kDa present in the Day-15, BS+ve glycosylated protein sample

was approximately twice that in the Day-7 sample. Finally, all

protein categories possessed freshly synthesised protein components

which possessed molecular weights of less than 5.6kDa, and in almost

every case (the exception being BS-ve, glycosylated proteins) the

combined amounts of these proteins in Day-15 samples was less than

their combined amounts in Day-7 samples. In this regard, the greatest

difference between any Day-7 and the Day-15 sample was seen in the

case of BS + ve,
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[3H]-leucine-incorporated proteins, followed by BS+ve, glycosylated

proteins, followed by BS-ve, [ 3H]-leucine-incorporated proteins and

followed finally by BS-ve, glycosylated proteins.

Chromatography by ion exchange, in Experiment 2, of the various

categories of LMWR, HMWR and VHMWR proteins revealed all U.V.

absorbing proteins and most radiolabelled proteins to be acidic in

nature. During the anion exchange treatment of these various

categories of protein, a protein component common to all protein

categories analysed was eluted during the transition from the third

elution step (eluate containing 0 . 2M NaCl) to the fourth (eluate

containing 0. 3M NaCl) . The presence of this protein component was

marked by a major peak in all A280nm profiles obtained. This 'common'

protein component appeared to comprise the largest fraction of all

proteins present in HMWR proteins of the various categories.

Furthermore, in all profiles obtained for Day-15, HMWR proteins the

A28onm Peak representing this common protein component coincided with

a major peak of radioactivity indicating the presence of proteins

synthesised de novo in this component. Comparisons of U.V. elution

profiles obtained for different molecular weight ranges of Day-7 and

Day-15, BS-ve, secreted, endometrial proteins revealed that LMWR and

VHMWR proteins of both the Day-15 and one of the Day-7 protein

samples possesse a more acidic bias. Furthermore, HMWR proteins of

all BS-ve, Day-7 and Day-15 samples possessed a less acidic bias, and

HMWR, Day-7, BS-ve samples possessed a lower acidic bias than the

HMWR, Day-15, BS-ve protein samples. U.V. elution profiles obtained
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for the different molecular weight ranges of Day-7 and Day-15, BS+ve,

secreted, endometrial proteins revealed them all to possess a more

acidic bias. In addition, the acidity of each of the three Day-7 and

Day-15 molecular weight ranges increased with the size of the weight

range. Analysis of radioactivity profiles obtained for secreted

proteins synthesised in culture by Day-7 and Day-15 endometrium

indicated that with the exception of BS-ve and BS+ve, glycosylated,

HMWR proteins, the acidic character of the different weight ranges of

BS-ve and BS+ve, [3H]-leucine-incorporated, and BS-ve and BS+ve,

glycosylated proteins appeared to decrease from Day 7 to Day 15 of

the oestrous cycle.

The juxtaposition of ''bands' representing midpoints of regions

of molecular weight proximity and comprising 'mean' SDS-PAGE

molecular weight profiles determined for Day-7 and Day-15, BS-ve

proteins (Table 3.1.2.a) along band profiles obtained for Day-7, BS-

ve, [3H]-leucine-incorporated and Day-15 [ 3H]-leucine-incorporated

proteins, respectively (see Figure 3.1.2.iii.a . i) showed all

component proteins represented by these midpoints of regions of

molecular weight proximity present in both 'mean' SDS-PAGE molecular

weight profiles to be non-radioactive. Radioactivity profiles

determined for Day-7 and Day-15, BS-ve, [3H]-leucine-incorporated

proteins following slicing and counting of respective gel runs

revealed the peaks present in these profiles to be comparatively

'focused' relative to those present in profiles obtained for the

various other categories of proteins; i.e. the peaks present in
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profiles determined for Day-7 and Day-15, BS-ve, [ 3H]-leucine-

incorporated proteins were in general fewer in number, more distinct

and amplified relative to those present in all other profiles

obtained. Furthermore, the profile determined for Day-15, BS-ve,

[3H]-leucine-incorporated proteins indicated a specific 'channelling'

of [3H]-leucine into three major component proteins; one with a

molecular weight of 81.3kDa which comprised 15.2% of the total

radioactivity recovered, another with a molecular weight of 74.3kDa

which comprised 13.7% of the total radioactivity recovered and

finally a component with a molecular weight of 17.4kDa which

comprised 30.2% of the total radioactivity recovered. The profile

determined for Day-7, BS-ve, [ 3H]-leucine-incorporated proteins also

revealed the presence of components which possessed the same or very

similar molecular weights to Day-15, BS-ve, [3H]-leucine-incorporated

component proteins. Comparisons of the SDS-PAGE radioactivity

profiles determined for Day-7 and Day-15, BS-ve, [ 3H]-leucine-

incorporated proteins with radioactivity profiles obtained for the

same protein samples following their fractionation on Sephacryl S-

200HR suggest that the major protein with a molecular weight in the

range 99.8 to 114.0kDa seen in these elution profiles may be

represented in the above two SDS-PAGE radioactivity profiles in one

of two forms, a) as an intact protein or b) as polypeptide subunits

of the brokendown protein. Support for the former form of

representation comes from the fact that in the calibration curve
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obtained for Sephacryl S-200HR (see Figure 2.3.3.ii.b), the protein

standard BSA with a molecular weight of 66.0kDa was found to run off

the 'calibration line' determined for this column. Consequently, the

apparent molecular weight of BSA as run on this column was 83.7kDa

which is greater than the actual molecular weight of this protein by

a factor of 1.27. Assuming that unknown proteins with molecular

weights close to that of BSA behave in a manner which is

hydrodynamically similar to the behaviour of this protein when run on

Sephacryl S-200HR then it would be plausible to suggest that the

protein component with a molecular weight of between 81.3kDa and

83.0kDa which was present in both of the above SDS-PAGE radioactivity

profiles and whose quantity was much higher in the Day-15 sample

relative to its quantity in the Day-7 sample may represent, when

multiplied by this same factor of 1.27 (to give a protein with a

molecular weight of between 103.3kDa and 105.4kDa), the major protein

with a molecular weight in the range 99.8 to 114.0kDa seen in

radioactivity profiles determined for Day-7 and Day-15, BS-ve, [3H]-

leucine-incorporated proteins following their fractionation on

Sephacryl S-200HR. However, the most likely of the above two possible

forms of representation of this major protein in the SDS-PAGE

radioactivity profiles is the latter; i.e. as polypeptide subunits of

the brokendown protein. Support for this latter form of

representation comes from the finding that in both SDS-PAGE

radioactivity profiles determined for Day-7 and Day-15, BS-ve, [3H]—

leucine-incorporated proteins, two peaks of radioactivity
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representing two protein components were present, one with a

molecular weight of 74.3kDa and another with a molecular weight which

lay between 17.4 to 17.7kDa. The amounts of both of these components

were greatly elevated in profiles determined for Day-15 animals

relative to their amounts represented in profiles determined for Day-

7 animals. These two protein components together with one other minor

component which was also present in both SDS-PAGE radioactivity

profiles and which possessed a molecular weight of between 18.0 and

18.6kDa may represent, in the form of break down products, the major

protein with a molecular weight in the range 99.8 to 114.0kDa seen in

the elution profiles obtained for Day-7 and Day-15, BS-ve, [3H]-

leucine-incorporated proteins. That these proteins may be breakdown

products is supported by the finding that all three SDS-PAGE

radioactivity profiles determined for the different weight ranges of

Day-15, [3H]-leucine-incorporated proteins contained peaks whose

range lay outside the molecular weight limits of the range of

proteins subjected to electrophoresis. Such a suggestion may also be

supported by SDS-PAGE radioactivity profiles determined for the

different weight ranges of Day-15, [3H]-leucine-incorporated proteins

(Figure 3.1.2.iii.l) in that the weight range within which this

protein (i.e.protein with molecular weight in the range 99.8 to

114.0kDa) was expected to be present, namely HMWR, contained three

major peaks at 23.4kDa, 36.3kDa and 68.7kDa which respectively

comprised 14.9%, 12.7% and 12.2% of the total radioactivity

recovered. It is probable that all three of these peaks represent
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protein breakdown products and that the peaks representing the

proteins with molecular weights of 36.3kDa and 68.7kDa may have

originated from the same primary protein during the denaturation of

the protein sample prior to electrophoresis whilst the peak

representing the protein with a molecular weight of 23.4kDa may

represent a breakdown product which originated from a protein with a

molecular weight greater than approximately 130kDa. Such a suggestion

is based upon the fact that, whereas the peaks representing the

proteins with molecular weights of 36.3kDa and 68.7kDa were absent

from profiles obtained for LMWR and VHMWR proteins, a peak was seen

in these profiles which in both cases not only represented a protein

component with a very similar molecular weight as the 23.4kDa protein

but also, as in the case of this protein, comprised the largest

fraction of total protein recovered. Thus, this major peak present in

all three profiles may represent the same protein which exhibited

anomalous behaviour during the fractionation of the Day-15, [ 3H] —

leucine-incorporated protein sample.

DISCUSSION

These in vitro studies have demonstrated the presence of

proteins in medium used to culture guinea-pig endometrium removed on

days of high and low PGF20t production (Day 15 and 7 of the oestrous

cycle, respectively). Furthermore, these proteins possibly originate

from three main sources: (a) proteins synthesised and secreted by the

endometrium, (b) proteins released during culture, which were

synthesised in the endometrium prior to removal and (c) serum
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proteins which may have leached from cultured tissues but not

synthesised by them. With regard to the last point (c), the guinea-

pig may be similar to several other species including the human

(MacLaughlin, Santoro, Bauer, Lawrence and Richardson, 1986), the sow

(Murray et al. , 1972), the cow (Bartol et al. , 1985b) and the ewe

(Roberts, Parker and Symonds, 1976) in that its uterine luminal fluid

may consist mostly of proteins emanating originally from serum. This

is shown by the large amount of non-radioactive protein consistently

observed in the albumin area in all SDS-PAGE runs carried out on

proteins released from the guinea-pig endometrium during culture.

That the protein band representing this and other major proteins have

indeed originated from serum is supported by the SDS-PAGE profile

obtained for guinea-pig plasma proteins shown in Figure 3.1.2.iii.m.

In all SDS-PAGE profiles obtained for BS+ve proteins, the protein

band corresponding to the protein transferrin (molecular weight =

76.5kDa) was found to be missing indicating the lack of affinity of

Blue Sepharose for this protein. In fact, Blue Sepharose has been

used to ultra-purify commercially produced transferrin which usually

contains albumin as a contaminant (Pharmacia-LKB A.B., Uppsala,

Sweden). The inability of the affinity procedure to effectively

remove this (albumin) protein may be explained by the fact that

albumin is one of a group of proteins whose interaction with the

Cibacron Blue dye is nonspecific i.e. it is based upon electrostatic

and/or hydrophobic interactions for binding. Thus, it may have been

that a running buffer pH of 7.0

162



Figure 3.1.2.iii.m

One-dimensional SDS-PAGE analysis of serum proteins obtained from a

Day-15 guinea-pig. Proteins [250|lg (approx.) for serum sample; 60|ig
(approx.) for standard sample] were run on a 12% homogeneous
polyacrylamide gel for 12h at a constant current of 12mA which was

subsequently developed using Coomassie Blue staining. STD - standard
molecular weight (kDa) proteins; Serum - serum proteins. Tf -

transferrin ; Alb - albumin. Figures represent molecular weights
(kDa} of respective proteins.

(*) — Data obtained from "The plasma proteins" (edit. F.W. Putnam)
2nd ed.f Vol.1. Academic Press, New York and San Fransisco, 1975.



may not have allowed optimal binding of the protein to the dye since

in the methods described for one of the most common uses of Blue

Sepharose, that of the isolation of albumin from whole blood plasma,

the pH of running buffer used was 8.0 (Travis et al . , 1976). The

suggestion by Bartol et al. (1985b) that endometrial tissues in short

term explant culture reflect the metabolic state of the tissues as

they exist in vivo prior to excision may also apply to the guinea-pig

in that prostaglandin (particularly PGF2(X) production by guinea-pig

endometrium in culture is high from Day-15 tissue and low from Day-7

tissue (Riley and Poyser, 1987a). Thus, considering this to be the

case, then the fact that Protein Turnover (PT) values for Day-7 and

Day-15 endometrial proteins were only significantly different after

Blue Sepharose treatment indicates that whilst the the total protein

content of the uterine secretions in this species remains constant at

these two stages of the oestrous cycle, the endometrium, under the

influence of oestrogen and progesterone, is capable of selectively

controlling the amount of serum entering these secretions.

Furthermore, 'mean' SDS-PAGE molecular weight profiles obtained for

Day-15, BS-ve proteins revealed the presence of several non¬

radioactive proteins (represented by midpoints of regions of

molecular weight proximity) which were absent from 'mean' SDS-PAGE

molecular weight profile obtained for Day-7, BS-ve proteins, which

may indicate that specific proteins have been transferred from blood

serum by means of a specific transport system across the epithelium
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as suggested for the human by MacLaughlin et al. (1986) . The

synthesis and secretion de novo of total proteins, as represented by

the amounts of radiolabelled leucine incorporated into secreted

proteins, revealed that cultured Day-15 endometrium secreted more

than twice the amount of newly synthesised proteins which were

secreted by cultured Day-7 tissue. These data are similar to the

results obtained by Riley and Poyser (1989) and are consistent with

observations made for other species such as the cow (Bartol et al.,

1985b) where, in the intact animal, a high oestradiol to progesterone

ratio in vivo was reflected in vitro by an increase in the production

of labelled secretory proteins. Radiolabelled glucosamine was also

found to incorporate into secreted proteins synthesised by cultured

endometrium. This finding is consistent with observations for other

species including the cow (Bartol et al., 1985b) and the human

(Strinden and Shapiro, 1983) . Indeed the majority of proteins

released from human endometrium have been suggested to be

glycosylated in nature. However, in contrast to the human, the level

of glucosamine incorporated into secreted proteins of the guinea-pig

endometrium appeared to be independent of the in vivo hormone status

of the tissue.

U.V. elution profiles, obtained following gel filtration

chromatography on Sephacryl S-200HR of secreted radiolabelled

proteins synthesised in culture by Day-7 and Day-15 endometrium,

revealed these samples to be comprised in almost every case of only

two protein components, namely a component which had a molecular

weight of >250.0kDa and another which had a molecular weight of
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99.8kDa. The fact that this U.V. profile was similar to that obtained

for the sow (Murray et al., 1972) supports indirectly the idea that

serum proteins form a major proportion of proteins found in guinea-

pig uterine luminal fluid since the three peaks seen in the Sephacryl

S-200 profile of proteins in luminal fluid obtained from the sow were

present throughout the animals oestrous cycle and matched very

closely the respective Sephacryl S-200 profile determined for serum

proteins removed from the same animals. U.V. elution profiles

obtained for BS-ve, [3H]-leucine-incorporated proteins indicated that

there appeared to be a general change in emphasis away from the

>250.0kDa component towards the 99.8kDa component during the

transition of the animal from Day 7 to Day 15 of its oestrous cycle.

Furthermore, radioactivity profiles determined for the same proteins

revealed this 99.8kDa component seen in respective U.V. profiles to

be a freshly synthesised, partially glycosylated protein with a

molecular weight of 99.8 to 114.0kDa. The amount of this protein

synthesised and secreted rose more than five fold during the

transition from Day 7 to Day 15 of the oestrous cycle.

The >250.0kDa component present in both BS-ve and BS+ve

profiles was found to be glycosylated in nature. With regards to the

latter (BS+ve) profiles, the amount of glycosylated proteins

represented by this component in Day-15 profiles was nearly twice

that in the Day-7 profile. Thus, it would appear that, in the guinea-

pig, very high molecular weight glycoproteins comprise a significant

proportion of secreted endometrial proteins. BS+ve profiles also
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revealed the presence of a freshly synthesised non-glycosylated

protein which had a molecular weight in the range 40.1 to 45.7kDa and

whose quantity was increased nearly five-fold in secretions from Day-

15 animals compared to the quantity present in secretions from Day-7

animals. This protein may be similar to the progesterone-regulated

46kDa secretory protein described by Salamonsen, Healy and Findlay

(1987) and/or the 45kDa protein described by Bell et al. (1986) whose

synthesis and secretion in the human endometrium is controlled by

progesterone.

From radioactivity profiles determined for Day-7 and Day-15,

BS-ve proteins following SDS-PAGE separation it was inferred that the

major protein with a molecular weight in the range 99.8 to 114.0kDa

seen in the Sephacryl S-200HR gel filtration elution profile obtained

for Day-7 and Day-15, BS-ve, [3H]-leucine-incorporated proteins may

be unstable to electrophoretic analysis in the presence of SDS. This

was because a radioactive protein with a molecular weight in the

range 99.8 to 114.0kDa was not present in gels following SDS-PAGE,

but radioactive proteins of lesser molecular weights were present.

Ion exchange chromatography of secreted radiolabelled proteins

synthesised in culture by Day-7 and Day-15 endometrium revealed the

majority to be acidic in nature. This observation supports those made

by Chaminadas, Remy-Martin, Alkhalaf, Propper and Adessi (1989) who

found the majority of radiolabelled proteins secreted from guinea-pig

endometrial epithelial cells cultured in the presence of oestradiol-

17P and progesterone to have acidic pi values. Furthermore,
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differences were observed in the relative degrees of acidity of the

various categories of LMWR, HMWR and VHMWR proteins subjected to ion

exchange.

In this, section proteins released from cultured guinea-pig

endometrium removed on days of high and low PGF2a production (Days 15

and 7 of the oestrous cycle respectively) have been shown to undergo

both quantitative and qualitative change from one stage of the

oestrous cycle to the next making evident the possible regulatory

influence of the ovarian steroids over this process. Therefore, the

next series of experiments (section 3.2) examines the roles

oestradiol and progesterone play in the synthesis and/or release of

specific proteins from the guinea-pig endometrium.
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3 . 2 EFFECTS OF STEROID HORMONES AND PREGNANCY ON PROTEIN

jyj^J^Dg^TJ^N

The administration of oestradiol-17p to ovariectomised guinea-

pigs (Blatchley and Poyser, 1974) and sheep (Scaramuzzi, Baird,

Boyle, Land and Wheeler, 1987) pretreated with progesterone resulted

in a large stimulation of PGF2a synthesis by the uteri of these

animals. Similarly, the administration of oestradiol-17(5 to post¬

menopausal women, following treatment with progesterone, resulted in

a marked increase in the synthesis of this prostaglandin by the

uterus. In the intact guinea-pig, increased oestradiol output from

the ovary on Day 10 of the oestrous cycle (Joshi et al., 1973) has

been shown to precede increased PGF2a output from the uterus on Day

11 of the cycle (Blatchley et al., 1972; Earthy et al., 1975;

Antonini et al., 1976). These findings indicate, therefore, that in

the guinea-pig oestradiol acting on a progesterone-primed uterus is

the physiological stimulus for increased synthesis of PGF2a by the

endometrium. Since increased PGF2a production by the guinea-pig

endometrium has been shown to be dependent upon increased protein

synthesis (Poyser, 1979; Poyser and Riley, 1987; Riley and Poyser,

1989) and, as demonstrated in the previous section, proteins released

from cultured guinea-pig endometrium removed on Day 15 of the cycle

(a day of high PGF2a output and of a high plasma oestradiol to

progesterone ratio) were both qualitatively and quantitatively
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different from those released from tissues removed on Day 7 of the

cycle (a day of low PGF2oc output and of a low plasma oestradiol to

progesterone ratio), the effects of oestradiol and progesterone on

endometrial protein synthesis have been investigated in this section

in an attempt to establish a possible relationship between the

regulatory effects of these steroid hormones on this process and

their effect on endometrial PGF2a production. The effects of

pregnancy (a state within which plasma progesterone levels are

elevated) on the amount and profile of proteins released from guinea-

pig endometrium in culture have also been examined in this section.

The aims of this study were:

(a) to determine what differences, if any, existed in the amounts of

total and freshly synthesised proteins released into culture from

endometrium removed from ovariectomised guinea-pigs treated with

progesterone and/or oestradiol, and from tissue removed from Day-15

pregnant animals.

(b) to compare and contrast the profiles of proteins procured from

cultures of endometrium removed from ovariectomised guinea-pigs

treated with progesterone and/or oestradiol, and from cultures of

tissue removed from Day-15 pregnant animals.
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3.2.1 QUANTITATIVE ANALYSIS OF PROTEINS RELEASED INTO CULTURE FROM

XiiE ENDOMETRIUM OF OVARIECTOMISED GUINEA-PIGS TREATED WITH

PROGESTERONE AND/OR OESTRADIOL-17ft AND FROM PREGNANT GUINEA-PIG

ENDOMETRIUM

INTRODUCTION

Whilst the treatment of ovariectomised guinea-pigs with

oestradiol stimulates some release of PGF2a from the uterus of these

animals, progesterone priming in vivo is needed for oestradiol to

produce a maximum release of this prostaglandin (Poyser, 1983b).

Progesterone, however, has been shown to inhibit the basal and

oestradiol-stimulated outputs of PGF2a from human (Cane and Villee

1975; Abel and Baird, 1980; Kelly and Smith, 1987) and guinea-pig

(Leaver and Seawright, 1982; Riley and Poyser, 1987b) endometrium

maintained in culture when progesterone was present in the culture

medium. It has also been shown that the administration of supra-

physiological doses of oestradiol to guinea-pigs on Day 9 of the

cycle prevented luteolysis, in part, by an anti-luteolytic effect

(Illingsworth and Perry, 1973). Furthermore, oestradiol at a high

concentration inhibits PGF2a output from the guinea-pig endometrium

maintained in culture when oestradiol is present in the culture

medium (Riley and Poyser, 1987b). Recently, it has been suggested

that the inhibitory effect of these hormones on endometrial PGF2a

synthesis is due to their inhibition of protein synthesis in this

tissue (Riley and Poyser, 1990). Hence, in the following series of
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experiments the amounts of total protein secreted, and of total

secreted protein synthesised de novo ([3H]-leucine incorporated) in

culture by endometrium removed from ovariectomised guinea-pigs

treated with either arachis oil (hormone vehicle only), progesterone,

oestradiol, or progesterone and oestradiol, and from tissue removed

from Day-15 pregnant (a state within which plasma progesterone levels

are elevated) animals have been investigated.

METHODS

Virgin guinea-pigs which had exhibited at least two oestrous

cycles of normal length were subjected to one of two forms of

treatment prior to being used in any of the experiments carried out

in this study. These were a) ovariectomy followed by hormonal

treatment or b) pregnancy through natural insemination. The details

of each of these forms of procedure is given below.

(a) Ovariectomy followed bv hormonal treatment

Guinea-pigs were anaesthetised using Hypnorm™ [fentanyl

citrate (0.47mg/kg) and fluanisone (15mg/kg)] and Hypnovel™

[midazolam (3mg/kg)] injected intraperitoneally. A small incision was

made in the lower back of each animal immediately above each ovary

and the organs were subsequently excised together with a small amount

of surrounding adipose tissue to ensure complete removal of the

organ. The body wall and the skin of each animal was then sutured and

each received a subcutaneous injection of Narcan™ [naloxone

(0.4mg/kg)] which hastened the recovery of the animals from the

anaesthetic. Ovariectomised guinea-pigs were then allowed a recovery
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period of at least eight weeks to ensure complete removal of

endogenous ovarian hormones from the circulation. Each animal was

then subjected to one of the following forms of treatment:

Arachis oil (control; hormone vehicle) - 0.5ml administered

subcutaneously for ten days.

Progesterone - 2.5mg (in 0.5ml arachis oil) administered

subcutaneously for ten days.

Oestradiol - 0.5ml arachis oil administered subcutaneously

for seven days followed by oestradiol-17p

(10pg in 0.5ml arachis oil) given subcutaneously

for a further three days.

Progesterone and Oestradiol - Progesterone (2.5mg in 0.5ml

arachis oil) administered subcutaneously for

seven days followed by the subcutaneous

administration of a mixture (in 0.5ml arachis

oil) of progesterone (2.5mg) and oestradiol-17(i

(10|lg) for a further three days.

(b) Pregnancy through natural insemination

Guinea-pigs were made pregnant as described previously in

section 2.3.1.i and pregnancy was allowed to continue up to Day 15 of

gestation.

Two experiments were carried out both of which involved the

following common procedures: hormonally-treated ovariectomised, and

pregnant guinea-pigs were killed on Day 11 of treatment (24h after

the final injection on Day 10) and on Day 15 of pregnancy,
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respectively, and their uteri were removed in preparation for culture

as described previously (see section 2.3.1.i). Endometrium was

dissected away from myometrium, and small pieces (l-2mm3) were placed

into Petri dishes as detailed in the methods for tissue culture

(section 2.3.1.ii). Culture dishes were then incubated in modified

Kilner jars under conditions described in section 2.3.1.iii. The

details of each experiment are given below.

Experiment 1: Effects of ovarian hormones in vivo, and pregnancy on

the total amount of protein released from cultured

guinea-pig endometrium

The uteri from twenty ovariectomised guinea-pigs which had been

treated with arachis oil, progesterone, oestradiol-17(3, or

progesterone and oestradiol-17p (five animals used per treatment)

were removed and the endometrium from each uterus was used to prepare

twelve culture dishes each containing between 15-30mg tissue. In each

case dishes were divided equally between two modified Kilner jars

(six in each jar), which were in turn gassed and incubated for 24h as

specified in section 2.3.1.iii. Culture dishes were then removed from

the jars and the culture medium was withdrawn. The dried weight of

the cultured endometrium was determined by heating the tissue at 37°C

for 24h followed by weighing. Medium obtained from the dishes was

then pooled and treated according to procedures previously described

for the harvesting and purification of proteins released into culture

medium (see section 2.3.1.v). This procedure was subsequently

repeated using uteri removed from five Day 15 pregnant guinea-pigs.
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The total amount of released proteins present in the desalted

solution (3.5ml) subsequently obtained was measured in the following

manner; 0.1ml of the purified solution was made up to 1.0ml using

distilled water and 0.1ml of this diluted solution was assayed as

described previously (see section 2.3.2.i). The remaining volume

(3.4ml) of the purified solution was then lyophilized, weighed, and

processed using affinity chromatography with Blue Sepharose CL-6B

(see sections 2.3.1.vi and 2.3.3.1). Desalted solutions (3.5ml each)

of proteins not retained on Blue Sepharose (BS-ve) and of proteins

retained on Blue Sepharose (BS+ve) were then subjected to the

protein assay' in the manner described previously for the assay of

the desalted solution (3.5ml) of purified total released endometrial

proteins, and the remaining volumes of solutions were subsequently

lyophilized and weighed. Individual BS-ve and BS+ve samples of

lyophilized, released endometrial proteins obtained from individual

cultures of endometrium removed from ovariectomised guinea-pigs

treated with arachis oil (henceforth respectively referred to as

lyophilized ^OVXrControl, BS-ve' and 'OVX :Control, BS+ve' released

endometrial protein samples), progesterone (henceforth respectively

referred to as lyophilized ^VX:P^-regulated, BS-ve' and ^VXiP^-

regulated, BS+ve' released endometrial protein samples), oestradiol

(henceforth respectively referred to as lyophilized ,OVX;E2-

regulated, BS-ve' and 'OVX:E2-regulated, BS+ve' released endometrial

protein samples), or progesterone and oestradiol (henceforth

respectively referred to as lyophilized ^OVX: (P 4+E2)-regulated, BS-

ve' and 'OVX: (P4+E2) -regulated, BS+ve' released endometrial protein
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samples) , and from individual cultures of endometrium removed from

Day-15 pregnant guinea-pigs (henceforth respectively referred to as

lyophilized 'Pregnancy-associated, BS-ve' and 'Pregnancy-associated,

BS+ve' released endometrial protein samples) were then stored at

-20°C for later analysis in section 3.2.2.

Experiment 2: Effects of ovarian hormones in vivo, and pregnancy on

the total amount of secreted ( r3H1-leucine

incorporated) protein synthesised de novo by guinea-

pig endometrium in culture

The uteri from twenty ovariectomised guinea-pigs which had been

treated with arachis oil, progesterone, oestradiol-17P, or

progesterone and oestradiol-17p (five animals used per treatment)

were removed and the endometrium from each uterus was used to prepare

eight culture dishes each containing between 25-45mg tissue. Each

dish also contained 10|lCi [3H]-leucine (2.5(lCi/ml) . Dishes were then

placed in a Kilner jar which was gassed and incubated, as specified

in section 2.3.1.iii, for 24h. Culture dishes were then removed from

the jar and the culture medium was withdrawn. The dried weight of the

cultured endometrium was determined by heating the tissue at 37°C for

24h followed by weighing. Medium from the dishes was then pooled and

the amount of [3H]-leucine incorporated into secreted endometrial

proteins was measured as described in section 2.3.2.ii. The pooled

medium was then dialysed and lyophilized as described in section

2.3.I.V. Lyophilates of total de novo synthesised ( [3H]-leucine

incorporated) proteins secreted in cultures of endometrium removed
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from ovariectomised guinea-pigs, which had been treated as described

above, were then combined for each category of treatment, desalted

and relyophilized to give four respective pools of purified [3H]~

leucine-incorporated, secreted, endometrial proteins. This procedure

was repeated using the uteri from five Day-15 pregnant guinea-pigs to

give a final pool of purified, [3H]-leucine-incorporated, secreted,

'pregnancy associated', endometrial proteins; conceptuses obtained

from these animals were also cultured in order to examine the profile

of proteins released from them, and the procedure is described later

in section 3.3. All pools of purified proteins were then processed

using affinity chromatography with Blue Sepharose CL-6B (see sections

2.3.1.vi and 2.3.3.i), and the desalted solutions (3.5ml each) of

purified BS-ve and BS+ve, de novo synthesised, ([ 3H]-leucine

incorporated), endometrial, proteins subsequently obtained were in

each case subjected to the 'protein assay' in the manner described

above in Experiment 1. The volumes remaining following the 'protein

assay' of solutions of purified, BS-ve and BS+ve proteins were then

lyophilized and weighed. Lyophilized, BS-ve and BS+ve samples of de

novo synthesised ( [3H]-leucine incorporated) proteins secreted in

culture by endometrium removed from ovariectomised guinea-pigs

treated with arachis oil (henceforth respectively referred to as

lyophilized 'OVX:Control, BS-ve, [3H]-leucine-incorporated' and

'OVX:Control, BS+ve, [3H] -leucine-incorporated' endometrial protein

samples), progesterone (henceforth respectively referred to as
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lyophilized 'OVX:P4-regulated, BS-ve, [3H]-leucine-incorporated' and

'OVX:P4-regulated, BS+ve, [3H]-leucine-incorporated' endometrial

protein samples), oestradiol (henceforth respectively referred to as

lyophilized 'OVX:E2~regulated, BS-ve, [ 3H]-leucine-incorporated' and

'OVX:E2-regulated, BS+ve, [3H]-leucine-incorporated' endometrial

protein samples), or progesterone and oestradiol (henceforth

respectively referred to as lyophilized 'OVX: (P4+E2)-regulated, BS-

ve, [3H]-leucine-incorporated' and 'OVX: (P4+E2)-regulated, BS+ve,

[3H]-leucine-incorporated' endometrial protein samples), and by

endometrium removed from Day-15 pregnant guinea-pigs (henceforth

respectively referred to as lyophilized ''Pregnancy-associated, BS-ve,

[3H] -leucine-incorporated' and 'Pregnancy-associated, BS+ve, [ 3H] —

leucine—incorporated' endometrial protein samples) were then stored

at -20°C for later analysis in section 3.2.2.

Analysis of results. and statistics

Results obtained in Experiment 1 from 'protein assays' of

samples before and after affinity chromatography on Blue Sepharose

CL-6B were then used to determine respective pre- and post-Blue

Sepharose treatment 'protein turnover (PT) values' [expressed as

total ((lg) protein released into culture per dried weight (mg) of

cultured tissue] for every sample. In Experiments 2, the amounts of

radioactive secreted proteins freshly synthesised during culture are

expressed as dpm per mg dried tissue per 106 standard dpm per ml

added.
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Statistical comparisons of results obtained in both of the

above experiments for cultured endometrium removed from

ovariectomised guinea-pigs treated with arachis oil (hormone vehicle

only), progesterone, oestradiol, or progesterone and oestradiol, and

from Day-15 pregnant guinea-pigs were carried out using Student's xt'

test or, if the variances of any two groups being compared were

significantly different by the variance F test, by a modified 't'

test for unequal variances.

RESULTS

Effects of ovarian hormones in vivo. and pregnancy on

the total amount of protein released from cultured

guinea-pig endometrium

Figure 3.2.1.a shows the pre- and post-Blue Sepharose treatment

PT values of endometrium removed from ovariectomised guinea-pigs

which had or had not been treated with progesterone and/or

oestradiol, and of Day-15 pregnant guinea-pig endometrium cultured

for 24h. There was no significant difference between the PT values

determined for endometrium removed from ovariectomised guinea-pigs

treated with arachis oil (hormone vehicle only) and those treated

with progesterone before or after Blue Sepharose treatment.

Similarly, there was no significant difference between the PT values

determined for Day-15 pregnant endometrium and values determined for

tissues removed from ovariectomised guinea-pigs treated with arachis

oil (hormone vehicle only) or progesterone, again before or after

Blue Sepharose treatment. However, PT values determined for
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Figure 3 .2.1.a

Mean (± s.e.m.; n = 5) protein turnover (PT) values [measured as [ig

protein released/mg (dried wt.) tissue] determined for endometrium

removed from ovariectomised guinea-pigs treated with arachis oil
(hormone vehicle) only (OVX-Control), progesterone (OVX-P4),

oestradiol-17|3 (OVX-E2) , or progesterone and oestradiol-17(3 [OVX-(P4 +
E2)], and for Day-15 pregnant endometrium (D-15 PREG) cultured for
24h. Pre-BS PT: pre-Blue Sepharose treatment PT level; post-BS PT:

post-Blue Sepharose treatment PT level.

* Significantly (P < 0.05) higher than pre-BS PT values determined for
tissue removed from ovariectomised guinea-pigs treated with arachis
oil (hormone vehicle) only or progesterone, and for Day-15 pregnant
endometrium.

¥ Significantly (P < 0.05) higher than post-BS PT values determined
for tissue removed from ovariectomised guinea-pigs treated with
arachis oil (hormone vehicle) only or progesterone, and for Day-15
pregnant endometrium.



endometrium removed from ovariectomised guinea-pigs treated with

oestradiol, or progesterone and oestradiol were both significantly

greater than values determined for tissues removed from

ovariectomised animals treated with arachis oil [hormone vehicle only

(P < 0.05 for each comparison)] or progesterone (P < 0.05 for each

comparison), and values determined for Day-15 pregnant endometrium (P

< 0.05 for each comparison), prior to and after Blue Sepharose

treatment. There was, however, no significant difference between PT

values obtained for these two groups of ovariectomised animals (i.e.

between those treated with oestradiol only and those treated with

progesterone and oestradiol) before or after Blue Sepharose

treatment.

Experimental Effects of ovarian hormones in vivo. and pregnancy on

the total amount of secreted ( [3H1-leucine

incorporated) protein synthesised de novo by guinea-

pig endometrium in culture

The amounts of [3H]-leucine incorporated into secreted proteins

synthesised de novo by endometrium removed from ovariectomised

guinea-pigs which had or had not been treated with progesterone

and/or oestradiol, and by Day-15 pregnant guinea-pig endometrium

cultured for 24h is shown in Figure 3.2.1.b. There was no significant

difference between the amounts of [3H]-leucine incorporated into

secreted proteins synthesised by endometrium removed from

ovariectomised guinea-pigs treated with arachis oil (hormone vehicle

only) and by Day-15 pregnant endometrium. Significantly greater
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Figure 3.2.1.h

Mean (± s.e.m.; n = 5) amounts of [3H]-leucine incorporated into

secreted proteins synthesised de novo by endometrium removed from
ovariectomised guinea-pigs treated with arachis oil (hormone vehicle)

only (OVX-Control) , progesterone (OVX-P4), oestradiol-17p (OVX-E2), or

progesterone and oestradiol-17P [OVX-(P4 + E2)] and from Day-15
pregnant animals (D-15 PREG), and cultured for 24h.

* Significantly (P < 0.05) higher than values determined for tissue
removed from ovariectomised guinea-pigs treated with arachis oil
(hormone vehicle) only, progesterone or oestradiol-17p, and for Day-15
pregnant endometrium.

t Significantly (P < 0.05) higher than values determined for tissue
removed from ovariectomised guinea-pigs treated with arachis oil
(hormone vehicle) only or progesterone, and for Day-15 pregnant
endomet rium.

t Significantly (P < 0.05) higher than values determined for tissue
removed from ovariectomised guinea-pigs treated with arachis oil
(hormone vehicle) only, and for Day-15 pregnant endometrium.



amounts of [3H]-leucine were, however, incorporated into secreted

proteins synthesised by endometrium removed from ovariectomised

guinea-pigs treated with progesterone than by tissues removed from

ovariectomised animals treated with arachis oil [hormone vehicle only

(P < 0.05)] and by Day-15 pregnant endometrium (P < 0.05), although

in the case of this latter comparison (i.e. between amounts

incorporated by endometrium removed from ovariectomised guinea-pigs

treated with progesterone and amounts incorporated by Day-15 pregnant

endometrium) the difference was only narrowly significant. The amount

of [3H]-leucine incorporated into secreted proteins synthesised by

endometrium removed from ovariectomised guinea-pigs treated with

oestradiol was significantly greater than amounts determined for

tissue removed from ovariectomised animals treated with arachis oil

[hormone vehicle only (P < 0.05)] or progesterone (P < 0.05), and for

Day-15 pregnant endometrium (P < 0.05). However, the tissue which

incorporated the greatest amount of [3H]-leucine into secreted

proteins in culture was endometrium removed from ovariectomised

guinea-pigs treated with progesterone and oestradiol, where the

amounts incorporated were significantly greater than amounts

incorporated by endometrium removed from ovariectomised animals

treated with arachis oil [hormone vehicle only (P < 0.05)],

progesterone (P < 0.05) or oestradiol (P < 0.05), and by Day-15

pregnant endometrium (P < 0.05) in culture.
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CONCLUSIONS

Endometrium removed from ovariectomised guinea-pigs treated

with arachis oil (hormone vehicle only) or progesterone, and from

Day-15 pregnant animals, cultured for 24h, possessed PT values which

were not statistically different, both prior to and after Blue

Sepharose treatment. Furthermore, PT values of endometrium removed

from ovariectomised animals treated with oestradiol, or progesterone

and oestradiol were both significantly greater than the PT value of

endometrium removed from ovariectomised guinea-pigs treated with

arachis oil [hormone vehicle only (P < 0.05 for each comparison)] or

progesterone (P < 0.05 for each comparison), and the value determined

for Day-15 pregnant endometrium (P < 0.05 for each comparison), prior

to and after Blue Sepharose treatment. These results indicated that

endometrium removed from ovariectomised animals treated with arachis

oil (hormone vehicle only) or progesterone, and from Day-15 pregnant

guinea-pigs all possessed similar outputs of total and xBS-ve'

proteins. Also, in every case, these tissues released relatively

smaller amounts of these (total and 'BS-ve') proteins than

endometrium removed from ovariectomised animals treated with

oestradiol, or progesterone and oestradiol. In addition, on average,

the proportional turnover of 'BS-ve' proteins by endometrium removed

from ovariectomised animals treated with oestradiol, or progesterone

and oestradiol relative to the turnover of total protein by the same

tissues was approximately twice the overall proportional turnover of

'BS-ve' proteins by endometrium removed from ovariectomised animals

treated with arachis oil or progesterone, and from Day-15 pregnant
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animals relative to the turnover of total protein by the same

tissues. This suggests that the proportion of proteins which had

affinity for Blue Sepharose was greater in the case of proteins

released into culture from the endometrium of ovariectomised animals

treated with arachis oil or progesterone, and from Day-15 pregnant

guinea-pig endometrium, when compared to proteins released into

culture from tissue obtained from ovariectomised animals treated with

oestradiol, or progesterone and oestradiol. Thus, oestradiol

stimulated the release of endometrial proteins into the culture

medium, whilst progesterone had no effect. Also, progesterone had no

influence on the stimulatory effect of oestradiol. The output of

proteins from Day-15 pregnant guinea-pig endometrium was low and

similar to the output from endometrium obtained from guinea-pigs

treated with progesterone alone.

The amount of [3H]-leucine incorporated into secreted proteins

synthesised by endometrium removed from ovariectomised guinea-pigs

treated with progesterone and cultured for 24h was significantly

greater than amounts incorporated into secreted proteins synthesised

by tissues removed from ovariectomised animals treated with arachis

oil [hormone vehicle only (P < 0.05)] and by Day-15 pregnant

endometrium (P < 0.05) although the difference observed in this

latter comparison was only narrowly significant. Furthermore, whilst

significantly greater amounts of [3H]-leucine were incorporated into

secreted proteins synthesised by endometrium removed from

ovariectomised guinea-pigs treated with oestradiol than amounts
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incorporated into secreted proteins synthesised by tissues removed

from ovariectomised animals treated with arachis oil [hormone vehicle

only (P < 0.05)] or progesterone (P < 0.05), and by Day-15 pregnant

endometrium (P < 0.05), the greatest amount of [3H]-leucine was

incorporated into secreted proteins synthesised by endometrium

removed from ovariectomised guinea-pigs treated with progesterone and

oestradiol. Thus, overall, progesterone had a small stimulatory

effect and oestradiol had a larger stimulatory effect on the amounts

of proteins synthesised de novo and secreted by guinea-pig

endometrium. However, progesterone and oestradiol together produced

the largest stimulation of the amounts of endometrial proteins

synthesised de novo and released. In the Day-15 pregnant animal, the

amounts of proteins synthesised de novo by the endometrium and

released into the culture medium were low.

3.2.2 QUALITATIVE ANALYSIS OF PROTEINS RELEASED INTO CULTURE FROM THE

ENDOMETRIUM OF OVARIECTOMISED GUINEA-PIGS TREATED WITH PROGESTERONE

AND/OR OESTRADIOL-17[j, AND FROM PREGNANT GUINEA-PIG ENDOMETRIUM

INTRODUCTION

In this series of experiments the profiles of total protein

secreted, and of total secreted protein synthesised de novo ([3H]-

leucine incorporated) in culture by endometrium removed from

ovariectomised guinea-pigs treated with either arachis oil (hormone

vehicle only), progesterone, oestradiol, or progesterone and

oestradiol, and by tissue removed from Day-15 pregnant animals,
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obtained from studies carried out in the first part of this section

(section 3.2.1), have been examined using liquid chromatography

and/or gel electrophoresis.

METHODS

Two experiments were carried out the first of which involved

the examination of the profiles of OVX:Control, OVX:P^-regulated,

OVX:E2~regulated and OVX: (P ,5 +E2) -regulated, BS-ve, released

endometrial proteins using polyacrylamide gel electrophoresis (SDS-

PAGE) . In the second experiment profiles of secreted, BS-ve and/or

BS+ve, [3H]-leucine-incorporated proteins synthesised in culture by

endometrium removed from ovariectomised guinea-pigs treated with

progesterone, oestradiol, or progesterone and oestradiol, and by

tissue removed from Day-15 pregnant animals were analysed using a

combination of gel filtration and ion exchange chromatography, and

polyacrylamide gel electrophoresis. The profile of secreted, BS-ve,

[3H]-leucine-incorporated proteins synthesised in culture by

endometrium removed from ovariectomised guinea-pigs treated with

arachis oil (hormone vehicle only) was also investigated using SDS-

PAGE. The details of the procedures carried out in each experiment

are given below.
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SDS - PAGE analysis of total proteins released in

culture from the endometrium of ovariectomised guinea-

pigs treated with ovarian hormones

OVX:Control, OVX:P^-regulated, OVX:E2~regulated and

OVX: (P4+E2)-regulated, BS-ve, released endometrial protein samples

(five samples used in each case) were subjected to one—dimensional

SDS-PAGE using procedures previously described (see section

2.3.3.iv). Five separate homogeneous polyacrylamide (12%) gels were

used each of which received, in addition to standard proteins, one

sample from each of these five categories of BS-ve released

endometrial proteins. Gels were subsequently developed using

Coomassie Blue staining (section 2.3.3.iv.b under 'Fixing and

staining of gel') and molecular weights corresponding to the various

protein bands of the different electrophoresed samples were then

determined using respective band Rf values as described previously

(see section 2.3.3.iv.b under 'Molecular weight determination') .
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E2Ea£iffign^_2j_ Chromatographic (gel filtration and ion exchange) and

SDS-PAGE analysis of f3H1-leucine-incorporated proteins

synthesised and secreted in culture by the endometrium

of ovariectomised guinea-pigs treated with ovarian

hormones, and by pregnant guinea-pip endometrium

JiJ Gel filtration chromatography

Lyophilized, BS-ve and BS+ve [3H]-leucine-incorporated OVX:P4-

regulated, OVX:E2-regulated and OVX: (P4+E2)-regulated, and Pregnancy-

associated BS-ve [3H]-leucine-incorporated, endometrial protein

samples (2 - 19mg) were subjected to gel filtration chromatography on

Sephacryl S-200HR as described previously in section 2.3.3.ii. Two

forms of elution profile were then generated for each fractionated

sample, namely an elution profile which was constructed by

measuring the UV absorbance at 280nm of the eluate passing through

the monitor at the end of each fraction, and a 'radioactivity'

profile which was constructed by measuring the amount of

radioactivity present in an aliquot (200(11) removed from each

fraction. The latter procedure involved placing each aliquot into a

6ml miniature polyethylene scintillation vial followed by 6ml

scintillation fluid. Sample vials were then 'whirlimixed' before

being counted on a Packard™ liquid scintillation counter. In

addition, four 'background counting' vials each containing 200(11 non¬

radioactive Filtration Buffer and 6ml scintillation fluid were

prepared and counted for lmin in the scintillation counter along with

the sample vials.
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Absolute molecular weights corresponding to the various A280

peaks present in respective elution profiles thus generated for each

sample were then determined by applying peak Kav values to the

standard protein calibration curve previously obtained for the

Sephacryl S-200HR column. In contrast, molecular weights

corresponding to peaks of radioactivity present in respective elution

profiles were given as weight ranges rather than absolute molecular

weights with the weight range corresponding to each peak given as the

range of protein molecular weights contained in the fraction

containing the peak. Sample fractions containing A280nm peaks which

were catagorised as belonging to one of three molecular weight

ranges, namely a ''low molecular weight' range (LMWR) , a 'high

molecular weight' range (HMWR), and a 'very high molecular weight'

range (VHMWR) were then collected together to give respective

molecular weight range 'pools' of protein. Furthermore, sample

fractions containing A280nm peaks representing proteins belonging to

any given weight range category were, if necessary, sub-divided

further to give more than one pool of protein for that weight range

category. The range of protein molecular weights comprising each

weight range is given in the legends to the various elution profiles

obtained for the different categories of secreted and synthesised

endometrial protein following fractionation on Sephacryl S-200HR.

Each pool was then subjected to the same dialysis/desalting

purification procedure described previously for the procurement of

proteins from culture medium (see section 2.3.1.v), and the protein
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content of each pool was determined by subjecting each of the

desalted pools (3.5ml) of molecular weight range proteins

subsequently obtained to the ^protein assay' in the manner described

in section 3.1.1 (Experiment 1) . The volumes remaining of desalted

LMWR, HMWR and VHMWR protein pools after the ,protein assay' were

then lyophilized and weighed, and then stored at -20°C until

required.

Jiil Ion exchange chromatography

Following fractionation on Sephacryl S-200HR, portions of

lyophilized LMWR, HMWR and VHMWR proteins of secreted, BS-ve and

BS+ve, [3H]-leucine-incorporated OVX:P^-regulated, OVX:E2~regulated

and OVX: (P4+E2)-regulated, and of secreted Pregnancy-associated BS-ve

[3H]-leucine-incorporated, endometrial protein samples were subjected

to anion exchange chromatography on a column containing DEAE-

Sepharose CL-6B by methods described previously (section 2.3.3.iii).

Eluted fractions were then collected and elution profiles (A280nm and

radioactivity) were generated using the same procedures previously

described above in part (i) of this experiment (gel filtration

chromatography) .

(iii) SDS - PAGE

Portions of lyophilized, BS-ve, [ 3H]-leucine-incorporated,

OVX:Control, OVX:P4-regulated, OVX:E2-regulated, OVX: (P4+E2)-

regulated and Pregnancy-associated endometrial protein samples which

were not subjected to gel filtration chromatography above (part i),

and a sample of lyophilized, BS+ve, [ 3H]-leucine-incorporated
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Pregnancy-associated endometrial proteins were analysed using one-

dimensional SDS-PAGE as described previously in section 2.3.3.iv.

Since, as discussed earlier (see sections 1.4.1 and 1.4.4.11), in the

intact guinea-pig, the synthesis and possible secretion of a calcium-

mobilising protein which ''switches on' endometrial PGF2a production

may be stimulated following the increased release of oestradiol from

the ovary on Day 10 of the oestrous cycle, and that in ovariectomised

guinea-pigs, initial priming with progesterone followed by oestradiol

treatment has been shown to be the optimum stimulus for increased

PGF2a production, portions of lyophilized LMWR, HMWR and VHMWR

proteins obtained above following the fractionation of OVX:(P4+E2)-

regulated, BS-ve [ 3H]-leucine-incorporated proteins were also

analysed using one-dimensional SDS-PAGE in order to further resolve

the proteins in these three weight range categories. Proteins

(unknown and standard) were run on homogeneous polyacrylamide (12%)

gels which were subsequently developed using Coomassie Blue staining

(see section 2.3.3.iv.b under ''Fixing and staining of gel') .

Molecular weights corresponding to the various protein bands of the

different electrophoresed samples were then determined using

respective band Rf values as described previously (section 2.3.3.iv.b

under 'Molecular weight determination'). Radioactivity profiles were

then constructed for each electrophoresed sample using a gel slicing

technique modified from that adopted by Basha et al. (1979) . This

procedure involved slicing each sample run into uniform sections of

approximately 1.2 - 1.6mm. The amount of radioactivity present in
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each section was then determined by placing each section into a 6ml

'miniature polyethylene scintillation vial' followed by 0.3ml H202

(30% v/v). The vials were then incubated at 70°C for 24h in a hot-

water bath, and subsequently filled with 6ml scintillation fluid,

"whirlimixed' and counted in a Packard™ scintillation counter for

lmin. In addition four "background counting' vials each containing a

"clear' gel slice (i.e. a slice taken from a part of the gel not

involved in sample separation) dissolved in 0.3ml H202 (30% v/v) in

the same manner described for sample gel slices, and 6ml

scintillation fluid, were prepared and counted for lmin in the

scintillation counter along with the sample vials. The distance to

the midpoints of sections containing peaks of radioactivity were then

used to determine section Rf values. These values were compared to

the appropriate calibration curve obtained for standard proteins run

on the same gel to determine corresponding peak molecular weights

(see section 2.3.3.iv.b under "Molecular weight determination').

Presentation of results and calculations

Molecular weights corresponding to the various protein bands

obtained following SDS-PAGE analysis in Experiment 1 of OVX:Control,

OVX:P4~regulated, OVX:E2-regulated and OVX:(P4+E2)-regulated, BS-ve,

released endometrial protein samples were subsequently used to

construct a single "mean' SDS-PAGE molecular weight profile for each

of these protein catagories. This was carried out in each case by

plotting molecular weight data from the five individual runs of the

protein catagory on a single molecular weight axis to give an

"aggregate' profile which was subsequently monitored for regions of
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'molecular weight proximity' . A region of molecular weight proximity

was considered as being present when individual molecular weights

corresponding to protein bands from at least four of the five runs

were seen to occur within a given region, the range of which was

necessarily not greater than 5kDa. Mean (± s.e.m., n > 4) molecular

weights corresponding to the midpoints of these regions of molecular

weight proximity were then used to generate 'mean' SDS-PAGE molecular

weight profiles.

In Experiment 2 the criterion used to establish the presence of

A280nm and radioactivity peaks present in profiles obtained for

various samples following separation by gel filtration chromatography

was one whereby a new peak was said to exist whenever the relevant

elution curve passed through a 'minimum' . This was defined as any

point on the elution curve which possessed a value smaller than that

determined for the point before or after it. Peak size was defined as

the area under the relevent peak of the elution curve concerned.

Also, in the case of A280nrri profiles, peak areas were measured as a

percentage of the total area present under the elution curve; such a

modification was necessary in order to account for discrepancies in

the actual amounts of protein applied onto the filtration column.

Comparisons were then made of A280nm and/or radioactivity peaks

common to profiles obtained for BS-ve, OVX:E2-regulated and/or

OVX:P4-regulated and/or Pregnancy-associated protein samples, and the

profile obtained for BS-ve, OVX: (P4+E2) -regulated proteins

(henceforth referred to as 'mutual' peaks) and results were expressed
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in the form of peak size ratios (PSR) : i.e. size of mutual peak

present in the profile obtained for BS-ve, OVX:E2-regulated or

OVX: P4-regulated or Pregnancy-associated protein samples/size of

mutual peak present in the profile obtained for BS-ve, OVX: (P4+E2)-

regulated protein sample. The same procedure was also used to compare

A23onm and/or radioactivity peaks common to profiles obtained for

BS+ve, OVX : (P4+E2)-regulated, OVX :E2-regulated, OVX : P4-regulated

protein samples.

In all cases of radioactivity profiles, measurements of

radioactivity (dpm) in each gel section (in the case of SDS-PAGE) or

fraction aliquot (in the case of liquid chromatography) were

expressed as % of total dpm recovered. The units used to represent

approximate peak size in the case of radioactivity profiles and

A2gonm obtained for the various samples following separation by gel

filtration chromatography were % of total dpm recovered x volume (ml)

in which peak occurred (%-ml) and % of total Absorbance x volume (ml)

in which peak occurred [%(A-ml)], respectively.

RESULTS

Exg^rim^^X^ SDS - PAGE analysis of total proteins released in

culture from the endometrium of ovariectomised auinea-

pios treated with ovarian hormones

Table 3.2.2.a shows mean (± s.e.m., n > 4) molecular weights

corresponding to the midpoints of regions of molecular weight

proximity comprising 'mean' SDS-PAGE molecular weight profiles

determined for OVX:Control, OVX:P4-regulated, OVX:E2-regulated and
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Table 3.2.2 .a

'Mean' SDS-PAGE molecular weight profiles determined for BS-ve proteins released during

culture, for 24h, of endometrium removed from ovariectomised guinea-pigs treated with

arachis oil [(Control) MW Profile], progesterone [(P4) MW Profile], oestradiol [ (E2) MW
Profile], or progesterone and oestradiol [(P4 + E2) MW Profile], The figures given under
each protein category represent the mean (± s.e.m., n i> 4) molecular weights (kDa)

corresponding to the midpoints of regions of molecular weight proximity (see section 3.1.2

under 'Presentation of results and calculations') seen in the 'aggregate' profiles

obtained following the superimposition of individual SDS-PAGE molecular weight profiles

determined for different samples (n = 5) of each protein category.

(Control) MW Profile (P4) MW Profile (E2) MW Profile (P4 + E2) MW Profile

132.9 ± 0.9 (n = 5)

122.4 ± 0.2 (n = 4)

107.3 ± 0.4 (n = 4)

79.1 ± 0.5 (n = 4)

*66. 0 :t 0. 5 (n := 5

61.2 ± 0.4 (n = 4)

57 . 9 ± 0.2 (n = 4)

54 .8 ± 0.5 (n = 4)

50.4 ± 0.4 (n = 4)

33.9 ± 0.3 (n = 4)

30.1 ± 0.2 (n = 5)

28.6 ± 0.2 (n = 5)

27.0 ± 0.2 (n - 4)

20.3 ± 0.2 (n = 5)

17 .5 ± 0.1 (n = 5)

16.3 ± 0.1 (n = 5)

15.3 ± 0.1 (n - 4)

14.5 ± 0.1 (n = 4)

133.5 ± 0.9 (n = 4)

*¥125.4 ± 0.8 (n = 4)

*¥111.1 ± 0.7 (n = 4)

¥2104.6 ±0.6 (n = 5)

78.7 ± 0.7 (n = 5)

*65.5 ± 0.4 (n = 5)

¥352.0 ± 0.3 (n = 5)

*¥43.2 ± 0.2 (n = 4)

33.7 ± 0.1 (n = 5)

)f31.2 ± 0.1 (n = 5)

29.9 ± 0.1 (n = 5)

28.2 ± 0.1 (n = 5)

20.0 ± 0.1 (n = 4)

17.3 ± 0.1 (n = 5)

16.1 ± 0.1 (n = 5)

15.0 ± 0.1 (n = 4)

14 . 6 ± 0.1 (n = 5)

132.5 ± 1.0 (n = 4)

122 . 0 ± 0.5 (n = 4)

Y-L113.5 ± 0.4 (n = 5)

¥2105.0 ± 0.7 (n = 4)

80.1 ± 1.0 (n = 4)

*65.1 ± 0.4 (n = 5)

57 . 0 ± 0.9 (n = 4)

¥351.8 ± 0.2 (n = 5)

49.5 ± 0.2 (n = 4)

*¥40.5 ± 0.4 (n = 4)

*¥35.6 ± 0.2 (n = 5)

34.1 ± 0.1 (n = 5)

¥432.0 ± 0.2 (n = 4)

30.1 ± 0.2 (n = 5)

28.5 ± 0.1 (n = 4)

19.8 ± 0.3 (n = 5)

17.3 ± 0.1 (n = 5)

16.5 ± 0.1 (n = 5)

15. 6 ± 0.1 (n = 5)

14.7 ± 0.0 (n = 5)

131.2 ± 0.8 (n = 4)

123.4 ± 1.0 (n - 4)

Y^IS.S ± 0.7 (n = 5)

¥2103.0 ± 0.6 (n = 5)

78.0 ± 0.9 (n = 5)

*64.0 ±0.2 (n = 5)

55.3 ± 0.5 (n 5)

¥351.8 ±0.3 (n = 5)

*¥44.3 ± 0.4 (n = 4)

*¥42.4 ± 0.1 (n = 5)

33.6 ± 0.1 (n = 4)

¥431.7 ± 0.1 (n = 5)

29.7 ± 0.1 (n = 5)

28.3 ± 0.1 (n = 5)

26.8 ± 0.2 (n = 4)

20.0 ± 0.1 (n " 5)

*¥17.2 ± 0.0 (n = 4)

*¥16.6 ± 0.1 (n - 4)

16.2 ± 0.1 (n = 5)

*¥15.7 ± 0.1 (n = 4)

15.3 ± 0.1 (n = 5)

14.7 ± 0.0 (n = 4)

(¥) : mean (± s.e.m., n > 4) profile molecular weights (kDa) corresponding to the midpoints of
regions of molecular weight proximity which were significantly (P<0.05) different from all other
mean (± s.e.m., n > 4) molecular weights (kDa) corresponding to the midpoints of regions of
molecular weight proximity present in the (Control) MW Profile. Symbols with the same subscript
number represent mean molecular weights which were not significantly different.
(*¥) : mean (+ s.e.m., n > 4) profile molecular weights (kDa) corresponding to the midpoints of
regions of molecular weight proximity which were significantly (P<0.05) different from all other
mean (± s.e.m., n > 4) molecular weights (kDa) corresponding to the midpoints of regions of
molecular weight proximity present in the other MW Profiles.
(*) : mean (± s.e.m., n > 4) molecular weights (kDa) corresponding to very large protein bands.



OVX: (P4+E2)-regulated, BS-ve, released endometrial proteins. As in

the case of SDS-PAGE profiles determined for Day-7 and Day-15, BS-ve,

released endometrial proteins (see section 3.1.2), a very large

protein band which appeared to have a relative mobility similar to

that of the protein standard bovine serum albumin was observed in all

profiles obtained. The extreme size of this band meant that the

'modified' procedure used previously (see section 3.1.2 under RESULTS

for Experiment 1) to determine Rf values and hence corresponding

molecular weights for this band, was reapplied in this instance. In

this way the mean (± s.e.m., n > 4) molecular weights corresponding

to the midpoints for this region of molecular weight proximity

present in 'aggregate' profiles constructed for OVX:Control, OVX:P4-

regulated, OVX:E2-regulated and OVX : (P4+E2) -regulated, BS-ve,

released endometrial proteins were determined as being 66.0 ± 0.5kDa,

65.5 ± 0.4kDa, 65.1 ± 0.4kDa and 64.0 ± 0.2kDa respectively. Mean (±

s.e.m., n > 4) molecular weights corresponding to midpoints of

regions of molecular weight proximity were seen in 'mean' SDS-PAGE

molecular weight profiles determined for OVX:P^-regulated, OVX:E2-

regulated and OVX : (P4+E2)-regulated, BS-ve, released endometrial

proteins which were absent from the 'mean' SDS-PAGE molecular weight

profile determined for OVX:Control, BS-ve, released endometrial

proteins. These included (i) in the case of OVX:P4-regulated, BS-ve,

released endometrial proteins, mean (± s.e.m., n > 4) molecular

weights corresponding to the midpoints of six such regions, namely

31.2 ± O.lkDa, 43.2 ± 0.2kDa, 52.0 ± 0.3kDa, 104.6 ± 0.6kDa, 111.1 ±

0.7kDa and 125.4 ± 0.8kDa, (ii) in the case of OVX: E2-regulated,
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BS-ve, released endometrial proteins, mean (± s.e.m., n > 4)

molecular weights corresponding to the midpoints of five regions of

molecular weight proximity, namely 32.0 ± 0.2kDa, 35.6 ± 0.2kDa, 40.5

± 0.4kDa, 105.0 ± 0.7kDa and 113.5 ± 0.4kDa, and (iii) in the case of

OVX: (P4+E2)-regulated, BS-ve, released endometrial proteins, mean (±

s.e.m., n > 4) molecular weights corresponding to the midpoints of

nine such regions, namely 15.7 ± O.lkDa, 16.6 ± O.lkDa, 17.2 ±

O.OkDa, 31.6 ± 0.2kDa, 42.4 ± O.lkDa, 44.3 ± 0.4kDa, 51.8 ± 0.3kDa,

103.0 ± 0.6kDa and 113.5 ± 0.7kDa. Furthermore, several of these

regions of molecular weight proximity were 'treatment-specific' i.e.

they were only found in the molecular weight profile determined for

proteins released into culture from endometrium removed from

ovariectomised animals which had been treated with progesterone,

oestradiol, or progesterone and oestradiol. These included (i) in the

case of OVX:P4-regulated, BS-ve, released endometrial proteins,

regions of molecular weight proximity with corresponding midpoint

mean (± s.e.m., n > 4) molecular weights of 31.2 ± O.lkDa, 43.2 ±

0.2kDa, 111.1 ± 0.7kDa and 125.4 ± 0.8kDa, and (ii) in the case of

OVX:E2-regulated, BS-ve, released endometrial proteins, regions of

molecular weight proximity with corresponding midpoint mean (±

s.e.m., n > 4) molecular weights of 35.6 ± 0.2kDa and 40.5 ± 0.4kDa.

The 'mean' SDS-PAGE molecular weight profile determined for

OVX: (P4+E2)-regulated, BS-ve, released endometrial proteins also

contained 'treatment-specific' regions of molecular weight proximity

with corresponding midpoint mean (± s.e.m., n > 4) molecular weights

of 15.7 ± O.lkDa, 16.6 ± O.lkDa, 17.2 ± O.OkDa, 42.4 ± O.lkDa and
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44.3 ± 0.4kDa. However, other regions of molecular weight proximity

present in the 'mean' SDS-PAGE molecular weight profile determined

for OVX: (P4+E2)-regulated, BS-ve, released endometrial proteins but

absent from the 'mean' SDS-PAGE molecular weight profile determined

for OVX:Control, BS-ve, released endometrial proteins, also appeared

to be present in the 'mean' SDS-PAGE molecular weight profile

determined for OVX:P4-regulated and/or OVX:E2-regulated, BS-ve,

released endometrial proteins. This is illustrated by the finding

that mean (± s.e.m., n > 4) molecular weights of 113.5 ± 0.7kDa and

31.7 ± O.lkDa, each corresponding to the midpoint of a region of

molecular weight proximity present in the 'mean' SDS-PAGE molecular

weight profile determined for OVX: (P4+E2)-regulated, BS-ve, released

endometrial proteins, were not significantly different from mean (±

s.e.m., n > 4) molecular weights of 113.5 ± 0.4kDa and 32.0 ± 0.2kDa,

respectively, corresponding to the midpoints of regions of molecular

weight proximity present in the 'mean' SDS-PAGE molecular weight

profile determined for OVX:E2-regulated, BS-ve, released endometrial

proteins. This suggests that these two protein components of the

'mean' SDS-PAGE molecular weight profile determined for OVX:(P4+E2)-

regulated, BS-ve, released endometrial proteins are oestradiol-

stimulated. Similarly, the mean (± s.e.m., n > 4) molecular weight,

103.0 ± 0.6kDa, corresponding to the midpoint of a region of

molecular weight proximity present in the 'mean' SDS-PAGE molecular

weight profile determined for OVX: (P4+E2)-regulated, BS-ve, released

endometrial proteins was not significantly different from the mean (±

s.e.m., n > 4) molecular weight, 104.6 ± 0.6kDa, corresponding to the
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midpoint of a region of molecular weight proximity present in the

'mean' SDS-PAGE molecular weight profile determined for OVX:P4-

regulated, BS-ve, released endometrial proteins, nor was it

significantly different from the mean (± s.e.m., n > 4) molecular

weight, 105.0 ± 0.7kDa, corresponding to the midpoint of a region of

molecular weight proximity present in the 'mean' SDS-PAGE molecular

weight profile determined for OVX:E2-regulated, BS-ve, released

endometrial proteins. This indicates that the 103.0 ± 0 . 3kDa protein

component of the 'mean' SDS-PAGE molecular weight profile determined

for OVX: (P4+E2)-regulated, BS-ve, released endometrial proteins is

both progesterone-stimulated and oestradiol-stimulated. Also, the

mean (± s.e.m., n > 4) molecular weight, 51.8 ± 0.3kDa, corresponding

to the midpoint of a region of molecular weight proximity present in

the 'mean' SDS-PAGE molecular weight profile determined for

OVX: (P4+E2)-regulated, BS-ve, released endometrial proteins was not

significantly different from the mean (± s.e.m., n > 4) molecular

weight, 52.0 ± 0.3kDa, corresponding to the midpoint of a region of

molecular weight proximity present in the 'mean' SDS-PAGE molecular

weight profile determined for OVX:P^-regulated, BS-ve, released

endometrial proteins which suggests that the 51.8 ± 0. 3kDa protein

component of the 'mean' SDS-PAGE molecular weight profile determined

for OVX: (P4+E2)-regulated, BS-ve, released endometrial proteins may

be progesterone-stimulated.
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Experiment 2: Chromatographic (gel filtration and ion exchange) and

SDS-PAGE analysis of r3H1 -leucine-incorporateri proteins

svnthesised and secreted in culture by the endometrium

of ovariectomised guinea-pigs treated with ovarian

hormones. and by pregnant guinea-pig endometrium

(i) Gel filtration chromatography

The elution profiles obtained for BS-ve and BS+ve, [3H]~

leucine-incorporated, OVX:P^-regulated, OVX:E2-regulated and

OVX: (P4+E2)-regulated protein samples and BS-ve, [3H]-leucine-

incorporated, Pregnancy-associated endometrial proteins following gel

filtration chromatography on Sephacryl S-200HR are shown in Figures

3.2.2.i.a-g. Individual assessments of elution profiles determined

for the different protein samples of each protein category are given

under the various relevant headings below.

(a) OVX:P^-regulated. BS-ve. r 3H1-leucine-incorporated proteins

(Fig.3.2.2.i.a)

Three major A280nm peaks corresponding to molecular weights of

52.1kDa, 99.8kDa and >250.0kDa (peak eluted in void fractions) with

respective peak sizes of 22.3%(A-ml), 21.8%(A-ml) and 52.0%(A-ml)

were obtained. The A280nm peak corresponding to a molecular weight of

52. lkDa coincided with a peak of radioactivity with a size of

14.5%-ml which represented a protein with a molecular weight in the

range 45.7 to 52.1kDa. The close proximity of the contours of the

A280nm and radioactivity peaks suggests that both peaks most probably
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Figure 3.2.2.i.a

Elution profile obtained for BS-ve, [ 3H]-leucine-incorporated
proteins synthesised and secreted in culture by endometrium removed
from ovariectomised guinea-pigs treated with progesterone, following
gel filtration chromatography on Sephacryl S-200HR. A28onm- U.V.
absorbance at 280nm. Sample fractions containing Ajgci™ peaks which
were catagorised as belonging to one of three molecular weight
ranges, namely a 'very high molecular weight' range (VHMWR) which
was comprised of proteins > 129.3kDa, a 'high molecular weight'
range composed of two sub-ranges, namely a 'high molecular weight'
sub-range 1 (HMWR1) which was comprised of proteins in the range
67.6 to 129.3kDa and a 'high molecular weight' sub-range 2 (HMWR2)
which was comprised of proteins in the range 16.1 to 67.6kDa, and a
'low molecular weight' range (LMWR) which was comprised of proteins
< 16.1kDa were collected together to give respective molecular
weight range 'pools' of protein. Each pool was then subjected to the
same dialysis/desalting purification procedure, described previously
for the procurement of proteins from culture medium (see section
2.3.1.v), in preparation for later analysis by ion exchange
chromatography in part (ii) of this experiment.
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Figure 3.2.2.i.b

Elution profile obtained for BS-ve, [ 3H]-leucine-incorporated
proteins synthesised and secreted in culture by endometrium removed
from ovariectomised guinea-pigs treated with oestradiol-17p,
following gel filtration chromatography on Sephacryl S-200HR. A2gQnm;
U.V. absorbance at 280nm. Sample fractions containing A280nm peaks
which were catagorised as belonging to one of three molecular weight
ranges, namely a 'very high molecular weight' range (VHMWR) which
was comprised of proteins > 147.9kDa, a 'high molecular weight'
range (HMWR) which was comprised of proteins in the range 23.8 to
147.9kDa, and a 'low molecular weight' range (LMWR) which was

comprised of proteins < 23.8kDa were collected together to give
respective molecular weight range 'pools' of protein. Each pool was
then subjected to the same dialysis/desalting purification
procedure, described previously for the procurement of proteins from
culture medium (see section 2.3.1.v), in preparation for later
analysis by ion exchange chromatography in part (ii) of this
experiment.
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f3H1-Leucine-Incorporated Proteins

VHMWR HMWR LMWR

Fraction no.

I ' I ' 1 ■ I ■ I 1 I ■ I ■ I ■ I ' I ■ I ■ I ■ I ■ I 1 I ' i 1 i ' i ' I ■ I ■ I ' I ' i ' I ' I 1 i
o CO H (0Oc0C0HW^Hr-H(N|0\H0D0^'rHH^mVD^,r IT) kO

>9Sn nicDp ° co c\i 00 ^ (Ti^o^r-r-r-o^cNinoinor-noco^^rcMO^cor- torn ,c

(Void) N NrtHH riri

Molecular weights (kDa) corresponding to theoretical peaks
whose elution volumes coincide with the end of each

fraction

Figure 3.2.2.i.c
Elution profile obtained for BS-ve, [ 3H]-leucine-incorporated
proteins synthesised and secreted in culture by endometrium removed
from ovariectomised guinea-pigs treated with progesterone and
oestradiol, following gel filtration chromatography on Sephacryl S-
200HR. A28onra; U.V. absorbance at 280nm. Sample fractions containing
A280nm peaks which were catagorised as belonging to one of three
molecular weight ranges, namely a 'very high molecular weight' range
(VHMWR) which was comprised of proteins > 147.9kDa, a 'high
molecular weight' range (HMWR) which was comprised of proteins in
the range 16.1 to 147.9kDa, and a 'low molecular weight' range
(LMWR) which was comprised of proteins < 16.1kDa were collected
together to give respective molecular weight range 'pools' of
protein. Each pool was then subjected to the same dialysis/desalting
purification procedure, described previously for the procurement of
proteins from culture medium (see section 2.3.1.v), in preparation
for later analysis by ion exchange chromatography in part (ii) of
this experiment.
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Figure 3.2.2.i.d

Elution profile obtained for BS-ve, [ 3H] -leucine-incorporated
proteins synthesised and secreted in culture by endometrium removed
from pregnant guinea-pigs on Day 15 of pregnancy, following gel
filtration chromatography on Sephacryl S-200HR. A280nm; U.V.
absorbance at 280nm. Sample fractions containing A2gonm peaks which
were catagorised as belonging to one of three molecular weight
ranges, namely a "very high molecular weight' range (VHMWR) which
was comprised of proteins > 168.6kDa, a 'high molecular weight'
range composed of two sub-ranges, namely a 'high molecular weight'
sub-range 1 (HMWR1) which was comprised of proteins in the range
52.1 to 168.6kDa and a 'high molecular weight' sub-range 2 (HMWR2)
which was comprised of proteins in the range 8.4 to 52.1kDa, and a
'low molecular weight' range (LMWR) which was comprised of proteins
< 8.4kDa were collected together to give respective molecular weight
range 'pools' of protein. Each pool was then subjected to the same

dialysis/desalting purification procedure, described previously for
the procurement of proteins from culture medium (see section
2.3-l.v), in preparation for later analysis by ion exchange
chromatography in part (ii) of this experiment.
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Figure 3.2.2.i.e

Elution profile obtained for BS+ve, [ 3H]-leucine-incorporated
proteins synthesised and secreted in culture by endometrium removed
from ovariectomised guinea-pigs treated with progesterone, following
gel filtration chromatography on Sephacryl S-200HR. A280nm; U.V.
absorbance at 280nm. Sample fractions containing A280nm peaks which
were catagorised as belonging to one of two molecular weight ranges,

namely a ''very high molecular weight' range (VHMWR) which was
comprised of proteins > 129.3kDa, and a 'high molecular weight'
range (HMWR) which was comprised of proteins < 129.3kDa were
collected together to give respective molecular weight range 'pools'
of protein. Each pool was then subjected to the same
dialysis/desalting purification procedure, described previously for
the procurement of proteins from culture medium (see section
2.3.1-v), in preparation for later analysis by ion exchange
chromatography in part (ii) of this experiment.
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Figure 3.2.2.i.f

Elution profile obtained for BS +ve, [ 3H]-leucine-incorporated
proteins synthesised and secreted in culture by endometrium removed
from ovariectomised guinea-pigs treated with oestradiol-17p,
following gel filtration chromatography on Sephacryl S-200HR. A28onm;
U.V. absorbance at 280nm. Sample fractions containing A280nm peaks
which were catagorised as belonging to one of three molecular weight
ranges, namely a 'very high molecular weight' range (VHMWR) which
was comprised of proteins > 114. OkDa, a ''high molecular weight'
range (HMWR) which was comprised of proteins in the range 7.4 to
114.OkDa, and a 'low molecular weight' range (LMWR) which was
comprised of proteins < 7.4kDa were collected together to give
respective molecular weight range 'pools' of protein. Each pool was
then subjected to the same dialysis/desalting purification
procedure, described previously for the procurement of proteins from
culture medium (see section 2.3.1.v), in preparation for later
analysis by ion exchange chromatography in part (ii) of this
experiment.
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Figure 3 . 2.2.i.g
Elution profile obtained for BS +ve, [ 3H]-leucine-incorporated
proteins synthesised and secreted in culture by endometrium removed
from ovariectomised guinea-pigs treated with progesterone and
oestradiol-17(3, following gel filtration chromatography on Sephacryl
S-200HR. A280nm; U.V. absorbance at 280nm. Sample fractions
containing A28onm peaks which were catagorised as belonging to one of
three molecular weight ranges, namely a 'very high molecular weight'
range (VHMWR) which was comprised of proteins > 129.3kDa, a 'high
molecular weight' range (HMWR) which was comprised of proteins in
the range 7.4 to 129.3kDa, and a 'low molecular weight' range (LMWR)
which was comprised of proteins < 7.4kDa were collected together to
give respective molecular weight range 'pools' of protein. Each pool
was then subjected to the same dialysis/desalting purification
procedure, described previously for the procurement of proteins from
culture medium (see section 2.3.1.v), in preparation for later
analysis by ion exchange chromatography in part (ii) of this
experiment.



represent the same de novo synthesised protein component whose

molecular weight lay between 45.7kDa and 52.lkDa. Similarly, the

A2gonm peak corresponding to a molecular weight of >250.0kDa

coincided with a relatively minor peak of radioactivity which

possessed a size of 13.3%-ml and which represented protein(s) with

molecular weight(s) in the same molecular weight range (>250.0kDa).

Peaks of radioactivity which represented proteins with molecular

weights occurring in ranges of 7.4 to 8.4kDa, 10.9 to 12.4kDa, 16.1

to 18.4kDa, 20.9 to 23.8kDa, 27.1 to 30.9kDa, 35.2 to 40.1kDa, and

77.1 to 87.8kDa and of 6.4%-ml, 3.0%-ml, 1.2%-ml, 20.2%-ml, 8.7%-ml,

15.8%-ml and 14.9%-ml in size, respectively, were also obtained. In

addition, several major peaks of radioactivity representing proteins

with molecular weights of less than 5. 6kDa and possessing an

aggregate area of 158.9%-ml were obtained which coincided with a

minor A280nm peak with a size of 3.9%(A-ml) whose corresponding

molecular weight lay in the same molecular weight range (<5.6kDa).

(b) OVX: E2-recrulated. BS-ve. \ 3H1 -leucine-incoroorated proteins

(Fig■3■2.2■i.b)

Three major A280nm peaks corresponding to molecular weights of

87.8kDa, 218.1kDa and >250.0kDa with respective peak sizes of

49.0% (A-ml), 32.5%(A-ml) and 12.1% (A-ml) were obtained. The A280nrn

peak corresponding to a molecular weight of >250.0kDa coincided with

several major peaks of radioactivity with an aggregate area of

33.8%-ml which represented protein(s) with molecular weight(s) in the

same molecular weight range (>250.0kDa) . The A280nm peak
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corresponding to a molecular weight of 87.8kDa coincided with a peak

of radioactivity with a size of 24.8%-ml which represented a protein

with a molecular weight in the range 87.8 to 99.8kDa. Similarly, the

A2gonm peak corresponding to a molecular weight of 218.1kDa coincided

with a peak of radioactivity with a size of 26.5%-ml which

represented a protein with a molecular weight in the range 192.1 to

218.1kDa. The close proximity of the contours of the A280nm and

radioactivity peaks in this case suggests that both peaks most

probably represent the same de novo synthesised protein component

whose molecular weight lay between 192.1kDa and 218.8kDa. Peaks of

radioactivity which represented proteins with molecular weights

occurring in ranges of 7.4 to 8.4kDa, 10.9 to 12.4kDa, 16.1 to

18.4kDa, 20.9 to 23.8kDa and 67.6 to 77.1kDa and of 5.3%-ml, 1.7%-ml,

8.7%-ml, 27.9%-ml and 18.0%-ml in size, respectively, were also

obtained. In addition, several major peaks of radioactivity

representing proteins with molecular weights of less than 5.6kDa and

possessing an aggregate area of 40.25%-ml were obtained which

coincided with a minor A280nm peak with a size of 6.5%(A-ml) whose

corresponding molecular weight lay in the same molecular weight range

(<5.6kDa).

(c) OVX: (Pj+E;) -regulated, BS-ve, f3H1-leucine-incorporated

proteins (Fig.3.2.2.i.c)

Two major A280nm peaks corresponding to molecular weights of

87.8kDa and >250.03kDa were obtained. The latter peak, which appeared

to be comprised of two overlapping peaks, was the larger of the two
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with a size of 77.8%(A-ml) and the former peak possessed a size of

22.2% (A-ml) . Furthermore, the latter peak A280nm peak (>250.03kDa)

coincided with several major peaks of radioactivity with an aggregate

area of 38.0%-ml which represented protein (s) with molecular

weight (s) in the same molecular weight range. A very large peak of

radioactivity with a size of 83.9%-ml which represented a protein

with a molecular weight in the range 99.8 to 114.0kDa was also

obtained together with three other minor peaks of radioactivity which

represented proteins with molecular weights occuring in ranges of 9.6

to 10.9kDa, 18.4 to 20.9kDa and 27.1 to 30.9kDa and which were

13.3%-ml, 4.0%-ml and 6.0%-ml in size respectively. In addition,

several peaks of radioactivity which represented proteins with

molecular weights of less than 5. 6kDa were obtained which together

possessed area of 25.4%-ml.

(d) Pregnancy-associated, BS-ve, I" 3H1-leucine-incorporated

proteins (Ficr. 3 . 2 . 2 . i .d)

Two major A280nm peaks corresponding to molecular weights of

99.8kDa and >250.0kDa with respective peak sizes of 64.9%(A-ml) and

25.5% (A-ml) were obtained. The latter peak coincided with a major

peak of radioactivity with an area of 43.8%-ml which represented

protein(s) with molecular weight(s) in the same molecular weight

range (>250.0kDa) . Three major peaks of radioactivity which

represented proteins with molecular weights occurring in ranges of

77.1 to 87.8kDa, 114.0 to 129.3kDa and 147.9 to 168.6kDa with

respective sizes of 32.0%-ml, 12.7%-ml and 10.4%-ml were also

200



obtained, as were other minor peaks of radioactivity representing

proteins with molecular weights occurring in ranges of 7.4 to 8.4kDa,

12.4 to 14.1kDa, 18.4 to 20.9kDa and 40.1 to 45.7kDa with respective

sizes of 11.7%-ml, 13.1%-ml, 15.9%-ml and 9.8%-ml. In addition,

several peaks of radioactivity representing proteins with molecular

weights of less than 5. 6kDa and possessing a combined area of

49.70%-ml were obtained which coincided with a minor A280nm peak with

a size of 9.6%(A-ml) whose corresponding molecular weight lay in the

same molecular weight range (<5.6kDa).

Peak size ratio (PSR) values determined for A28onm and

radioactivity peaks common to profiles obtained for BS-ve, [ 3H] —

leucine-incorporated OVX: P^-regulated, OVX :E2-regulated, Pregnancy-

associated and OVX:(P4+E2)-regulated endometrial proteins are shown

in Table 3.2.2.b. An A280nm peak which was common to all U.V. elution

profiles obtained was that which corresponded to a protein component

comprised of one or more protein(s) with molecular weight(s) of

>250.0kDa. PSR values determined for this peak present in profiles

obtained for OVX:P^-regulated, OVX:E2-regulated and Pregnancy-

associated proteins revealed the amounts of this protein component

(>250.0kDa) present in these samples to be approximately two-thirds,

one-sixth and one-third, respectively, of the amount present in the

OVX: (P4+E2)-regulated protein sample. Furthermore, this A280nm

'mutual' peak coincided in every case with a peak of radioactivity

which represented protein(s) with molecular weight(s) in the same

molecular weight range (>250.0kDa). The PSR value determined for this
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Table
3.2

.

2
.

b

Molecular
weights
(MW;
kDa)

and

peak
size

ratio
(PSR)

values

determined
for

U.V.

absorbance
(A280nm)

and/or

radioactivity
(radio.)
'mutual'

peaks
(see

section
3.2.2

under

'Presentation
of

results
and

calculations')
common
to

profiles
obtained
for

BS-ve,
[

3H]-leucine-incorporated,
OVX:P4-regulated
(OVX:P4),

OVX:E2-regulated
(OVX:E2)
and

Pregnancy-associated
endometrial
proteins,
relative
to

the

profile
obtained
for

BS-ve,
[

3H]-leucine-incorporated,

OVX:

(P4+E2)-regulated
proteins
following
fractionation
by

gel

filtration
chromatography
on

Sephacryl
S-200HR.

BS-ve

Proteins

OVX:P4

OVX:E2

Preg.-assoc.

A280nm

radio.

A280nm

radio.

A280nm

radio.

MW

PSR

MW

PSR

>250.0
0.7

>250.0
0.3

27.1
to

30.9

1.4

<5.6

6.2

MW

PSR

MW

PSR

>250.0
0.2

>250.0
0.9

87.8

2.2

192.0
to

218.8
1.0

<5.6

1.6

MW

PSR

MW

PSR

>250.0

0.3

>250.0
1.2

18.4
to

20.9

4.0

<5.6

2.0



peak of radioactivity present in the profile obtained for OVX:P4-

regulated proteins revealed the amount of this radioactive protein

component present in this sample to be approximately one-third of the

amount present in the OVX: (P4+E2)-regulated protein sample, whilst

the PSR value determined for this peak of radioactivity present in

profiles obtained for OVX:E2-regulated and Pregnancy-associated

proteins revealed the amounts of this radioactive protein component

present in these samples to be approximately the same as the amount

determined for OVX: (P4+E2)-regulated proteins. These results show

that whilst the rank order for the total protein content of this

component present in the different protein samples was OVX: (P4+E2)-

regulated proteins > OVX:P^-regulated proteins > Pregnancy-associated

proteins > OVX:E2-regulated proteins, the proportion of proteins

present in this component which were synthesised de novo was greatest

in the case of OVX:E2-regulated proteins, followed by Pregnancy-

associated proteins, followed by OVX: (P4+E2)-regulated proteins, and

followed finally by OVX:P4-regulated proteins. One other ''mutual'

A2gonm peak, which corresponded to a protein with a molecular weight

of 87.8kDa, was present only in the A280nm profile obtained for the

OVX:E2-regulated protein sample. The PSR value determined for this

peak revealed the amount of this protein component present in this

sample to be approximately twice the amount present in the

OVX: (P4+E2)-regulated protein sample. ''Mutual' peaks of radioactivity

which represented proteins with molecular weights of less than 5.6kDa

were also present in all radioactivity profiles obtained and PSR
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values determined for these peaks present in profiles obtained for

OVX:P4-regulated, OVX:E2-regulated and Pregnancy-associated proteins

revealed the amounts of this protein component present in these

samples to be elevated approximately 6-fold, 1.6-fold and 2-fold

respectively relative to the amount of this protein component present

in the OVX:(P4+E2)-regulated protein sample. In addition, 'mutual'

peaks of radioactivity which represented proteins with molecular

weights occurring in ranges of 27.1 to 30.9kDa, 192.0 to 218.8kDa and

18.4 to 20.9kDa were, respectively, present in radioactivity profiles

obtained for OVX:P^-regulated proteins, OVX:E2—regulated proteins and

Pregnancy-associated proteins. The PSR value determined for the peak

present in the radioactivity profile obtained for OVX:P4-regulated

proteins (27.1 to 30.9kDa) revealed the amount of this protein

present in this sample to be elevated approximately 1.4-fold

relative to the amount of this protein component present in the

OVX: (P4+E2)-regulated protein sample. In the case of the peak present

in the radioactivity profile obtained for OVX:E2-regulated proteins

(192.0 to 218.8kDa), the PSR value obtained revealed the amount of

this protein present in this sample to be approximately the same as

the amount of this protein component present in the OVX: (P4+E2)-

regulated protein sample. Finally, the PSR value determined for the

peak present in the radioactivity profile obtained for Pregnancy-

associated proteins (18.4 to 20.9kDa) revealed the amount of this

protein present in this sample to be elevated approximately 4-fold

relative to the amount of this protein component present in the

OVX: (P4+E2)-regulated protein sample.
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(e) OVX:P^-regulated. BS+ve. r3H1 -leucine-incorporated proteins

(Fig.3■2.2.i.e)

Two major A280nm peaks corresponding to molecular weights of

87.8kDa and >250.0kDa with respective peak sizes of 53.2%(A-ml) and

46.8%(A-ml) were obtained. The A280nm peak corresponding to a

molecular weight of >250.0kDa coincided with two major peaks of

radioactivity which possessed an aggregate area of 67.5%-ml and which

represented protein(s) with molecular weight(s) in the same molecular

weight range (>250.0kDa) . Likewise, the A280nm peak corresponding to

a molecular weight of 87.8kDa coincided with a peak of radioactivity

with a size of 45.3%-ml which represented a protein with a molecular

weight in the range 87.8 to 99.8kDa. Peaks of radioactivity which

represented proteins with molecular weights occurring in ranges of

6.5 to 7.4kDa, 9.6 to 10.9kDa, 12.4 to 14.1kDa, 16.1 to 18.4kDa,

27.1 to 30 . 9kDa, 40.1 to 45.7kDa, 59.4 to 67 . 6kDa and 192.1 to

218.lkDa and of 9.7%-ml, 5.9%-ml, 10.4%-ml, 17.1%-ml, 3.1%-ml, 2.4

% -ml, 20.2 % -ml and 9.2%-ml in size, respectively, were also

obtained. In addition, several peaks of radioactivity which

represented proteins with molecular weights of less than 5.6kDa were

obtained which together possessed area of 9.0%-ml.

(f) OVX:E2~reaulated. BS+ve. r3H1 - leucine-incorporated proteins

(Fig.3.2■2.i.£)

Two major A280nm peaks corresponding to molecular weights of

87.8kDa and 250.0kDa with respective peak sizes of 54.2%(A-ml) and

45.8%(A-ml) were obtained. The latter peak coincided with a major
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peak of radioactivity with a size of 60.1%-ml which represented

protein(s) with molecular weight(s) in the molecular weight range

>250.0kDa. The close proximity of the contours of the A280nm and

radioactivity peaks in this case suggest that they most probably

represent the same de novo synthesised protein component which has a

molecular weight of 250.0kDa or just over 250.0kDa. Peaks of

radioactivity which represented proteins with molecular weights

occurring in ranges of 5.6 to 6.5kDa, 7.4 to 8.4kDa, 9.6 to 10.9kDa,

16.1 to 18.4kDa, 23.8 to 27.1kDa, 35.2 to 40.1kDa, 59.4 to 67.6kDa

and 114.0 to 129.3kDa and of 9.4%-ml, 4.3%-ml, 26.3%-ml, 11.0%-ml,

9.1%-ml, 7.3%-ml, 23.2%-ml and 19.9%-ml in size, respectively, were

also obtained. In addition, several peaks of radioactivity which

represented proteins with molecular weights of less than 5.6kDa were

obtained which together possessed area of 28.4%-ml.

(g) QVX; (P4±E2) -regulated, BS +ve. f3Hl -leucine-incorporated

proteins (Fig.3.2.2.i.g)

Two major A280nm peaks corresponding to molecular weights of

87.8kDa and >250.0kDa with respective peak sizes of 56.2%(A-ml) and

43.8% (A-ml) were obtained. The A280nra peak corresponding to a

molecular weight of >250.0kDa coincided with a major peak of

radioactivity with a size of 57.6%-ml which represented protein(s)

with molecular weight (s) in the same molecular weight range

(>250.0kDa). Peaks of radioactivity which represented proteins with

molecular weights occurring in ranges of 7.4 to 8.4kDa, 14.1 to

16.1kDa, 18.4 to 20.9kDa, 27.1 to 30.9kDa, 45.7 to 52.1kDa, 67.6 to
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77.lkDa and 147.9 to 168.6kDa and of 6.5%-ml, 23.0%-ml, 17.5%-ml,

20.4%-ml, 24.2%-ml and 25.9%-ml in size, respectively, were also

obtained. In addition, several peaks of radioactivity which

represented proteins with molecular weights of less than 5.6kDa were

obtained which together possessed area of 26.4%-ml.

Peak size ratio (PSR) values determined for A280nm an<^

radioactivity peaks common to profiles obtained for BS+ve, [3H]-

leucine-incorporated, OVX:Pregulated, OVX:E2-regulated and

OVX : (P4+E2 )-regulated endometrial proteins are shown in Table

3.2.2.C. Two A280nm peaks were common to all three U.V. elution

profiles obtained, namely one which corresponded to a protein

component comprised of one or more protein (s) with molecular

weight(s) of >250.0kDa and another which corresponded to a protein

with a molecular weight of 87.8kDa. In both cases, PSR values

determined for these ''mutual' peaks present in profiles obtained for

OVX:P4-regulated and OVX:E2-regulated proteins revealed the amounts

of these protein components present in these samples to be

approximately the same as those present in the OVX:(P4+E2)-regulated

protein sample. Furthermore, as in the case of BS-ve proteins, the

A28onm 'mutual' peak which corresponded to a protein component

comprised of one or more protein(s) with molecular weight (s) of

>250.0kDa, coincided in every case with a peak of radioactivity which

represented protein(s) with molecular weight(s) in the same molecular

weight range (>250.0kDa). PSR values determined for this peak of

radioactivity present in profiles obtained for OVX:P4-regulated and
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Molecular weights (MW; kDa) and peak size ratio (PSR) values determined for

U.V. absorbance (A280nm) and/or radioactivity (radio.) 'mutual' peaks (see

section 3.2.2 under 'Presentation of results and calculations') common to

profiles obtained for BS+ve, [3H]-leucine-incorporated, OVX:P4-regulated

(OVX:P4) and OVX:E2-regulated (OVX:E2), relative to the profile obtained

for BS+ve, [3H]-leucine-incorporated, OVX: (P4+E2)-regulated proteins

following fractionation by gel filtration chromatography on Sephacryl S-

200HR.

BS+ve Proteins

OVX:P4 OVX:E2

A280nm radio. A280nm radio.

MW PSR MW PSR MW PSR MW PSR

>250.0 1.1 >250.0 1.2 >250.0 1.0 >250.0 1.0

87.8 0.9 27.1 to 30.9 0.2 87.8 1.0 7.4 to 8.4 0.7

<5.6 0.3 <5.6 1.1



OVX:E2-regulated proteins revealed the amounts of this radioactive

protein component present in these samples to be once again

approximately the same as the amount present in the OVX: (P4+E2)-

regulated protein sample. These results show that both the total

protein content and the de novo synthesised protein fraction of this

component present in these samples were approximately the same for

all three BS+ve proteins. 'Mutual' peaks of radioactivity which

represented proteins with molecular weights of less than 5.6kDa were

also present in all radioactivity profiles obtained and PSR values

determined for these peaks present in profiles obtained for OVX:P4-

regulated and OVX:E2-regulated proteins revealed the amounts of this

protein component present in these samples to be approximately one-

third of, and equal to, respectively, the amount of this protein

component present in the OVX: (P4+E2)-regulated protein sample. In

addition, 'mutual' peaks of radioactivity which represented proteins

with molecular weights occurring in ranges of 27.1 to 30.9kDa and 7.4

to 8.4kDa were, respectively, present in radioactivity profiles

obtained for OVX:P^-regulated proteins and OVX:E2-regulated proteins.

The PSR value determined for the former peak (27.1 to 30.9kDa)

revealed the amount of this protein present in the OVX:P^-regulated

protein sample to be approximately one-fifth the amount of this

protein component present in the OVX: (P4+E2)-regulated protein

sample. In the case of the latter peak (7.4 to 8.4kDa), the PSR value

obtained revealed the amount of this protein present in the OVX:E2~

regulated protein sample to be approximately two-thirds the amount of

this protein component present in the OVX:(P4+E2)-regulated protein
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sample.

J.ii)—Ion exchange chromatography

The anion exchange elution profiles determined for the various

categories of lyophilized LMWR, HMWR and VHMWR proteins obtained

following chromatography on DEAE-Sepharose CL-6B are shown in Figures

3.2.2.ii.a-g. Profiles obtained were similar to those obtained for

the different weight ranges of secreted, BS-ve and BS+ve,

radiolabelled proteins synthesised in culture by Day-7 and Day-15

endometrium following chromatography on DEAE-Sepharose CL-6B [see

section 3.1.2 under 'RESULTS' for Experiment 2, part ii.(a)] in that

a consistent feature seen in all profiles was the elution of a major

A28onm peak during the transition from the third elution step (0.2M)

to the fourth (0.3M) with the apex of the peak occurring in almost

every case in Fraction 25. Furthermore, this peak was the only

prominent peak present in profiles obtained for HMWR proteins (HMWR1

proteins in the case of BS-ve, OVX:P^-regulated, and Pregnancy-

associated protein samples) of the various protein categories. This

peak was also found to coincide with a peak of radioactivity in all

profiles obtained except those obtained for OVX:P^-regulated protein

samples. Thus, as in the case of proteins synthesised in culture by

Day-7 and Day-15 endometrium, differences between the degrees of

acidity of the different molecular weight ranges of each protein

category were determined by calculating 'bias index' (BI) values for

individual weight ranges of the protein category [see section 3.1.2

under 'RESULTS' for Experiment 2, part ii.(a)].
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Figure 3.2.2.ii.a

Anion exchange elution profiles obtained for the different weight

ranges of BS-ve, [3H]-leucine-incorporated proteins synthesised and

secreted in culture by endometrium removed from ovariectomised

guinea-pigs treated with progesterone, following chromatography on

DEAE-Sepharose CL-6B using step-wise elution. A280nm - U.V.
absorbance at 280nm; VHMWR - proteins subjected to chromatography
with molecular weights > 129.3kDa; HMWR1 - proteins subjected to

chromatography with molecular weights in the range 67.6 to 129.3kDa;
HMWR2 - proteins subjected to chromatography with molecular weights
in the range 16.1 to 67.6kDa; LMWR - proteins subjected to

chromatography with molecular weights < 16.1kDa.
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Figure 3.2.2.ii.b

Anion exchange elution profiles obtained for the different weight

ranges of BS-ve, [3H]-leucine-incorporated proteins synthesised and

secreted in culture by endometrium removed from ovariectomised

guinea-pigs treated with oestradiol-17p, following chromatography on

DEAE-Sepharose CL-6B using step-wise elution. A280nm ~ U.V.
absorbance at 280nm; VHMWR - proteins subjected to chromatography
with molecular weights > 147.9kDa; HMWR - proteins subjected to

chromatography with molecular weights in the range 23.8 to 147.9kDa;
LMWR - proteins subjected to chromatography with molecular weights <

23.8kDa.
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Figure 3.2.2.ii.c

Anion exchange elution profiles obtained for the different weight

ranges of BS-ve, [3H]-leucine-incorporated proteins synthesised and

secreted in culture by endometrium removed from ovariectomised

guinea-pigs treated with progesterone and oestradiol-17P, following
chromatography on DEAE-Sepharose CL-6B using step-wise elution.

A280nm ~ U.V. absorbance at 280nm; VHMWR - proteins subjected to
chromatography with molecular weights > 147.9kDa; HMWR - proteins

subjected to chromatography with molecular weights in the range 16.1
to 147.9kDa; LMWR - proteins subjected to chromatography with
molecular weights < 16.1kDa.
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Figure 3.2.2.ii.d

Anion exchange elution profiles obtained for the different weight

ranges of BS-ve, [3H]-leucine-incorporated proteins synthesised and

secreted in culture by endometrium removed from pregnant guinea-pigs

on Day 15 of pregnancy, following chromatography on DEAE-Sepharose
CL-6B using step-wise elution. A280nm ~ u-v- absorbance at 280nm;
VHMWR - proteins subjected to chromatography with molecular weights >
168.6kDa; HMWR1 - proteins subjected to chromatography with molecular

weights in the range 52.1 to 168.6kDa; HMWR2 - proteins subjected to

chromatography with molecular weights in the range 8.4 to 52.1kDa;
LMWR - proteins subjected to chromatography with molecular weights <

8 . 4kDa .
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Figure 3.2.2.ii.e

Anion exchange elution profiles obtained for the different weight

ranges of BS+ve, [3H]-leucine-incorporated proteins synthesised and

secreted in culture by endometrium removed from ovariectomised

guinea-pigs treated with progesterone, following chromatography on

DEAE-Sepharose CL-6B using step-wise elution. A280nm ~ U.V.
absorbance at 280nm; VHMWR - proteins subjected to chromatography
with molecular weights > 129.3kDa; HMWR - proteins subjected to

chromatography with molecular weights < 129.3kDa.
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Figure 3.2.2.ii.f

Anion exchange elution profiles obtained for the different weight

ranges of BS+ve, [3H]-leucine-incorporated proteins synthesised and

secreted in culture by endometrium removed from ovariectomised

guinea-pigs treated with oestradiol-17p, following chromatography on

DEAE-Sepharose CL-6B using step-wise elution. ^280nm ~ U.V.
absorbance at 280nm; VHMWR - proteins subjected to chromatography
with molecular weights > 114.0kDa; HMWR - proteins subjected to

chromatography with molecular weights in the range 7.4 to 114.0kDa;
LMWR - proteins subjected to chromatography with molecular weights <

7.4kDa.
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Figure 3.2.2.ii.g

Anion exchange elution profiles obtained for the different weight

ranges of BS+ve, [3H]-leucine-incorporated proteins synthesised and

secreted in culture by endometrium removed from ovariectomised

guinea-pigs treated with progesterone and oestradiol-17p, following
chromatography on DEAE-Sepharose CL-6B using step-wise elution.

^280nm ~~ U.V. absorbance at 280nm; VHMWR - proteins subjected to
chromatography with molecular weights > 129.3kDa; HMWR - proteins

subjected to chromatography with molecular weights in the range 7.4
to 129.3kDa; LMWR - proteins subjected to chromatography with
molecular weights < 7.4kDa.



Figure 3.2.2.ii.h shows BI values determined for the different

molecular weight ranges of BS-ve and BS+ve, [3H]-leucine-

incorporated, OVX:P^-regulated, OVX:E2-regulated and OVX:(P4+E2)~

regulated proteins and BS-ve, [3H]-leucine-incorporated, Pregnancy-

associated endometrial proteins using respective UV elution profiles.

These results are discussed further under the various headings below.

A. BS-ve Proteins:

In general, BI values determined for the different weight

ranges of these proteins followed the same pattern, namely one

whereby LMWR and VHMWR proteins, in almost every case, possessed a

more acidic bias whilst HMWR proteins possessed a less acidic bias.

1. OVX: (P^+E-;)-regulated proteins :

VHMWR proteins of this protein category possessed the highest

acidic bias for any weight range of total BS-ve or BS+ve proteins

analysed in this experiment. LMWR proteins also possessed a more

acidic bias whilst HMWR proteins possessed a less acidic bias.

2 . OVX:P/[-regulated proteins :

LMWR and HMWR proteins both possessed a more acidic bias whilst

HMWR proteins possessed a less acidic bias. BI values determined for

these LMWR and VHMWR proteins were lower than BI values determined

for the same weight ranges of OVX: (P4+E2)-regulated protein. However,

BI values determined for OVX:P4-regulated, HMWR (HMWRl and HMWR2)

proteins were greater than the BI value determined for the same

weight range of OVX: (P4+E2)-regulated proteins. These findings

indicate that OVX: (P4+E2)-regulated, LMWR and VHMWR proteins possess
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Figure 3.2-2.ii.h

Bias Index (BI) values determined for the different

molecular weight ranges of total, BS-ve and BS+ve,

proteins secreted and/or released in culture from

endometrium removed from ovariectomised guinea-pigs
treated with progesterone (OVX:P4), oestradiol (OVX-E2),
or progesterone and oestradiol (OVX:P4+E2), using
respective anion exchange UV elution profiles. LMWR - low
molecular weight range proteins; HMWR - high molecular

weight range proteins; VHMWR - very high molecular weight

range proteins. The molecular weight limits for the

different weight ranges of the various protein categories

subjected to chromatography are given in the legends to

respective anion exchange profiles obtained.



a greater acidic bias than OVX:P4-regulated, LMWR and VHMWR proteins

and that OVX: (P4+E2)-regulated, HMWR proteins possess an even lower

acidic bias than OVX:P4-regulated, HMWR proteins.

3. OVX:E2-recrulated proteins:

As in the case of OVX: P4-regulated and OVX: (P4+E2)-regulated

proteins, LMWR and VHMWR proteins possessed a more acidic bias and

HMWR proteins possessed a less acidic bias. However, BI values

determined for these protein weight ranges were all lower than BI

values determined for the same weight ranges of OVX:(P4+E2)-regulated

protein which indicates that OVX: (P4+E2)-regulated, LMWR and VHMWR

proteins possess a greater acidic bias than OVX:E2-regulated, LMWR

and VHMWR proteins and that OVX:E2-regulated, HMWR proteins possess

an even lower acidic bias than OVX:(P4+E2)-regulated, HMWR proteins.

In fact OVX:E2-regulated, HMWR proteins possessed the lowest acidic

bias for any weight range of total BS-ve or BS+ve proteins analysed

in this study.

4. Pregnancy-associated proteins:

In contrast to the VHMWR proteins of all other BS-ve protein

categories analysed in this experiment, Pregnancy-associated, VHMWR

proteins possessed a less acidic bias, as did Pregnancy-associated,

HMWR (HMWR1 and HMWR2) proteins. Only LMWR proteins possessed a more

acidic bias. BI values determined for these LMWR and HMWR proteins

were greater than BI values determined for the same weight ranges of

OVX: (P4+E2)-regulated proteins which suggests that Pregnancy-

associated, LMWR proteins possess a greater acidic bias than

OVX: (P4+E2)-regulated, LMWR proteins and that OVX:(P4+E2)-regulated,

210



HMWR proteins possess an even lower acidic bias than Pregnancy-

associated, HMWR (HMWR1 and HMWR2) proteins.

B. BS+ve Proteins:

1. OVX: (P1+E2)-regulated proteins:

LMWR and HMWR proteins both possessed a more acidic bias whilst

VHMWR proteins possessed a less acidic bias. In fact OVX: (P4+E2)-

regulated, VHMWR proteins possessed the lowest acidic bias for any

weight range of total BS+ve proteins analysed in this study.

2. OVX:P^-regulated proteins:

HMWR proteins possessed a more acidic bias whilst VHMWR

proteins possessed a less acidic bias. The BI value determined for

the former weight range was lower than the BI values determined for

the same weight range of OVX: (P4+E2)-regulated proteins which

indicates that OVX:(P4+E2)-regulated, HMWR proteins possess a greater

acidic bias than OVX:P4-regulated, HMWR proteins. However, the BI

value determined for OVX:P^-regulated, VHMWR proteins was greater

than the BI value determined for the same weight range of

OVX: (P4+E2)-regulated proteins, indicating that OVX : (P 4+E2) -

regulated, VHMWR proteins possess an even lower acidic bias than

OVX:P^-regulated, VHMWR proteins.

3. OVX:Eo-reaulated proteins:

All three weight ranges possessed a more acidic bias (including

VHMWR proteins, in direct contrast to OVX: (P4+E2)-regulated, VHMWR

proteins) which appeared to decrease with the size of the range.

Furthermore, OVX:E2-regulated, LMWR proteins possessed the greatest

acidic bias for any weight range of total BS+ve proteins analysed in
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this study. The BI value determined for OVX:E2~regulated, HMWR

proteins was lower than the BI value determined for the same weight

range of OVX: (P4+E2)-regulated proteins, which indicates that

OVX: (P4+E2)-regulated, HMWR proteins possess a greater acidic bias

than OVX:E2-regulated, HMWR proteins proteins.

Figure 3.2.2.ii.i shows BI values determined for the different

molecular weight ranges of BS-ve and BS+ve, [ 3H]-leucine-

incorporated, OVX:P^-regulated, OVX:E2-regulated and OVX: (P4+E2)-

regulated proteins and BS-ve, [3H]-leucine-incorporated, Pregnancy-

associated endometrial proteins using respective radioactivity

profiles. These results are discussed further under the various

headings below.

C. BS-ve Proteins:

1. OVX: (P4+E2) -regulated. T3Hl-leucine-incorporated proteins :

BI values determined for the different weight ranges of this

protein category appeared to follow a pattern which was directly

opposite to that obtained for the different weight ranges of the same

protein category using U.V. elution profiles since in this case HMWR

proteins possessed a more acidic bias whilst LMWR and VHMWR proteins

possessed a less acidic bias.

2. OVX:P4-regulated. T3H1-leucine-incorporated proteins:

HMWR1 proteins possessed a more acidic bias whilst LMWR, HMWR2

and VHMWR proteins possessed a less acidic bias. BI values determined

for these LMWR and VHMWR proteins were lower than BI values

determined for the same weight ranges of OVX: (P 4+E2)-regulated,
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Figure 3.2.2.ii.i

Bias Index (BI) values determined for the different

molecular weight ranges of secreted, BS-ve and BS+ve,

[3H]-leucine-incorporated proteins synthesised in culture

by endometrium removed from ovariectomised guinea-pigs
treated with progesterone (OVXrP^), oestradiol (OVX-E2),
or progesterone and oestradiol (OVX:P4+E2), and of
secreted, BS-ve, [3H]-leucine-incorporated proteins

synthesised in culture by endometrium removed from Day-15

pregnant animals (Pregnancy-associated) using respective
anion exchange radioactivity elution profiles. LMWR - low

molecular weight range proteins; HMWR - high molecular

weight range proteins (HMWR1 - high molecular weight

proteins, sub-range 1; HMWR2 - high molecular weight

proteins, sub-range 2) ; VHMWR - very high molecular

weight range proteins. The molecular weight limits for
the different weight ranges of the various protein

categories subjected to chromatography are given in the

legends to respective anion exchange profiles obtained.



[3H]-leucine-incorporated proteins. Furthermore, the BI value

determined for OVX:P^-regulated, [3H]-leucine-incorporated, HMWR1

proteins was much lower than the BI value determined for OVX: (P4+E2)-

regulated, HMWR proteins; in fact OVX:P^-regulated, [3H]-leucine-

incorporated, HMWR1 proteins possessed the lowest acidic bias for any

weight range of radiolabelled, BS-ve or BS+ve proteins analysed in

this study. Finally, the BI value determined for OVX:P^-regulated,

[3H]-leucine-incorporated, HMWR2 proteins was greater than the BI

value determined for OVX: (P4+E2)-regulated, HMWR proteins. These

findings indicate that OVX:P4-regulated, [3H]-leucine-incorporated,

LMWR and VHMWR proteins possess an even lower acidic bias than

OVX: (P4+E2)-regulated, [3H] -leucine-incorporated, LMWR and VHMWR

proteins and that OVX:P^-regulated, [3H]-leucine-incorporated, HMWR2

proteins possess a greater acidic bias than OVX: (P4+E2)-regulated,

[3H]-leucine-incorporated, HMWR proteins.

3. OVX:E2-regulated. f3Hl -leucine-incorporated proteins :

In direct contrast to OVX: (P4+E2)-regulated, [3H]-leucine-

incorporated proteins, HMWR proteins in this case possessed a less

acidic bias and VHMWR proteins possessed a more acidic bias. The BI

value determined for LMWR proteins of this protein category was much

lower than the BI value determined for the same weight range of

OVX: (P4+E2)-regulated, [3H]-leucine-incorporated proteins which

indicates that OVX:E2-regulated, [ 3H]-leucine-incorporated, LMWR
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proteins possess an even lower acidic bias than OVX: (P4+E2)-

regulated, [3H]-leucine-incorporated, LMWR proteins.

4• Pregnancy-associated. f3Hl-leucine-incorporated proteins:

As in the case of OVX: (P4+E2)-regulated, [ 3H]-leucine-

incorporated proteins, LMWR proteins possessed a less acidic bias

whilst HMWR proteins possessed a more acidic bias. However, in

contrast to OVX: (P4+E2)-regulated, [3H]-leucine-incorporated proteins

VHMWR proteins in this case possessed a more acidic bias; in fact

Pregnancy-associated, [3H]-leucine-incorporated, VHMWR proteins

possessed the greatest acidic bias for any weight range of

radiolabelled, BS-ve proteins analysed in this study. The BI value

determined for Pregnancy-associated, [3H]-leucine-incorporated, LMWR

proteins was lower than the BI value determined for the same weight

ranges of OVX: (P4+E2)-regulated, [3H]-leucine-incorporated proteins

which indicates that Pregnancy-associated, [3H]-leucine-incorporated,

LMWR proteins possess an even lower acidic bias than OVX: (P4+E2)-

regulated, [3H]-leucine-incorporated, LMWR proteins. Furthermore, the

BI value determined for Pregnancy-associated, [ 3H]-leucine-

incorporated, HMWR2 proteins was lower than the BI value determined

for OVX: (P4+E2)-regulated, HMWR proteins whereas the BI value

determined for Pregnancy-associated, [3H]-leucine-incorporated, HMWR1

proteins was greater than the BI value determined for OVX:(P4+E2)~

regulated, HMWR proteins. These results respectively indicate that
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OVX: (P4+E2)-regulated, [ 3H]-leucine-incorporated, HMWR proteins

possess a greater acidic bias than Pregnancy-associated, [3H]~

leucine-incorporated, HMWR2 proteins, and that Pregnancy-associated,

[3H] -leucine-incorporated, HMWR1 proteins possess a greater acidic

bias than OVX:(P4+E2)-regulated, HMWR proteins. Overall, the acidity

bias of the different molecular weight ranges appeared to increase

with the size of the protein weight range.

D. BS+ve Proteins:

1. QVX; (P4±E2)-regulated, f3Hl -leucine-incorporated proteins:

HMWR proteins possessed a less acidic bias whilst LMWR and

VHMWR proteins both possessed a more acidic bias; in fact

OVX: (P4+E2)-regulated, [ 3H]-leucine-incorporated, VHMWR proteins

possessed the greatest acidic bias for any weight range of

radiolabelled, BS+ve proteins analysed in this study.

2. QVX;P4~regulflted, r3H1 -leucine-incorporated proteins :

BI values determined for HMWR and VHMWR proteins of this

protein category appeared to follow a pattern which was directly

opposite to that obtained for OVX: (P4+E2)-regulated, [ 3H]-leucine-

incorporated, HMWR and VHMWR proteins since OVX:P4-regulated, [3H]-

leucine-incorporated, HMWR proteins possessed a more acidic bias and

OVX:P4-regulated, [3H]-leucine-incorporated, VHMWR proteins possessed

a less acidic bias; in fact OVX:P4~regulated, [ 3H]-leucine-

incorporated, VHMWR proteins possessed the lowest acidic bias for any
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weight range of radiolabelled, BS+ve proteins analysed in this study.

3. QVX;E2~regulated, r3Hl -leucine-incorporated proteins:

As in the case of OVX: (P4+E2)-regulated, [ 3H]-leucine-

incorporated proteins, LMWR proteins possessed a more acidic bias

whilst HMWR proteins possessed a less acidic bias. However, in

contrast to OVX: (P4+E2)-regulated, [3H]-leucine-incorporated proteins

VHMWR proteins in this case possessed a less acidic bias. BI values

determined for OVX: E2-regulated, [ 3H]-leucine-incorporated, LMWR and

HMWR proteins were both greater than BI values determined for the

same weight ranges of OVX: (P4+E2)-regulated, [ 3H]-leucine-

incorporated proteins, which indicates that OVX:E2-regulated, [3H] —

leucine-incorporated, LMWR proteins possess a greater acidic bias

than OVX : (P4+E2)-regulated, [ 3H]-leucine-incorporated, LMWR proteins

and that OVX: (P4+E2)-regulated, [3H]-leucine-incorporated, HMWR

proteins possess an even lower acidic bias than OVX:E2—regulated,

[3H]-leucine-incorporated, HMWR proteins. Finally, the overall

acidity bias of the different molecular weight ranges appeared to

decrease as their size increased.
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(iii) SDS-PAGE:

1. Unfractionated. BS-ve. f3Hl -Leucine-Incorporated. OVX:Control,
OVX:P regulated. OVX:E2-regulated and OVX: (P0+E2 )-regulated
Protein Samples

The array of bands obtained following the Coomassie Blue

staining of gels used to resolve by one-dimensional SDS-PAGE, BS-ve,

[3H]-leucine-incorporated, OVX:Control, OVX:P^-regulated, OVX:E2-

regulated and OVX: (P 4+E2)-regulated protein samples are respectively

shown in Figures 3.2.2.iii.a-d, and band profiles obtained following

the development of gels used to separate BS-ve and BS+ve, [3H]-

leucine-incorporated, Pregnancy-associated endometrial proteins are

shown in Figure 3.2.2.iii.e. Also illustrated in these Figures are

the molecular weights, and positions along individual runs of

component proteins represented by peaks of radioactivity (henceforth

referred to as 'points of radioactivity' ) present in profiles

determined for individual samples which are shown in Figures

3.2.2.iii.f-k. In addition, Figures 3 . 2.2.iii.b-d respectively show

the positions of midpoints of regions of molecular weight proximity

(depicted as bands) present in the 'mean' SDS-PAGE molecular weight

profiles determined for total, BS-ve, OVX:P4—regulated, OVX:E2-

regulated and OVX: (P4+E2)-regulated released endometrial proteins

(see Table 3.2.2.a) which were absent from the 'mean' SDS-PAGE

molecular weight profile determined for total, BS-ve, OVXrControl

proteins, relative to the position of bands obtained for OVX:P4-

regulated, OVX:E2-regulated and OVX:(P4+E2)-regulated, BS-ve,

radioactive proteins, respectively. The results shown in Figures
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Figure 3.2.2.iii.a

One-dimensional SDS-PAGE analysis of BS-ve, [3H]-leucine-incorporated
proteins synthesised and secreted in culture by endometrium removed
from ovariectomised guinea-pigs treated with hormone vehicle, arachis
oil, only ( 0VX : C o n t r o 1) . Proteins [ 1 0 0 |lg / s amp 1 e ;

60(lg (approx.)/standard sample] were run on a 12% homogeneous
polyacrylamide gel for 12h at a constant current of 12mA which was
subsequently developed using Coomassie Blue staining. STD - standard
molecular weight (kDa) proteins. RP - molecular weights (kDa) and
positions along run of proteins represented by peaks of radioactivity
in the profile determined for the sample (Figure 3.2.2.iii.f)
following slicing and counting of the gel run.
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Figure 3.2.2.iii.b

One-dimensional SDS-PAGE analysis of BS-ve, [3H]-leucine-incorporated proteins
synthesised and secreted in culture by endometrium removed from ovariectomised
guinea-pigs treated with progesterone (OVX:P^-regulated). Proteins [1OOflg/sample;
60ng (approx.)/standard sample] were run on a 12% homogeneous polyacrylamide gel
for 12h at a constant current of 12mA which was subsequently developed using
Coomassie Blue staining. STD - standard molecular weight (kDa) proteins. RP -

molecular weights (kDa) and positions along run of proteins represented by peaks
of radioactivity in the profile determined for the sample (Figure 3.2.2.iii.g)
following slicing and counting of the gel run. M P4 - Positions along run of
midpoints of regions of molecular weight proximity (represented as bands) present
in the 'mean' SDS-PAGE molecular weight profile determined for total, BS-ve,

OVX:P4-regulated released endometrial proteins which were absent from the 'mean'
SDS-PAGE molecular weight profile determined for total, BS-ve, OVX:Control
proteins (see Table 3.2.2.a); Each band represents the mean (± s.e.m, n > 4)
molecular weight (kDa) corresponding to the midpoint of a region of molecular
weight proximity, and the width of the upper and lower halves of a band
correspond, respectively, to the upper and lower limits of the mean it represents.

( * )- Positions along run of midpoints of regions of molecular weight proximity
(represented as bands) present in the 'mean' SDS-PAGE molecular weight profile
determined for total, BS-ve, OVX:P^-regulated released endometrial proteins which
were absent from 'mean' SDS-PAGE molecular weight profiles determined for total,
BS-ve, OVX:E2-regulated and OVX:(P4+E2)-regulated, released endometrial proteins
(see Table 3.2.2.a).
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One-dimensional SDS-PAGE analysis of BS-ve, [ H]-leucine-incorporated proteins
synthesised and secreted in culture by endometrium removed from ovariectomised
guinea-pigs treated with oestradiol (OVX:E2-regulated). Proteins [100|±g/sample;
60jlg(approx.)/standard sample] were run on a 12% homogeneous polyacrylamide gel
for 12h at a constant current of 12mA which was subsequently developed using
Coomassie Blue staining. STD - standard molecular weight (kDa) proteins. RP -

molecular weights (kDa) and positions along run of proteins represented by peaks
of radioactivity in the profile determined for the sample (Figure 3.2.2.iii.h)
following slicing and counting of the gel run. M E2 - Positions along run of
midpoints of regions of molecular weight proximity (represented as bands) present
in the 'mean' SDS-PAGE molecular weight profile determined for total, BS-ve,

OVX:E2-regulated released endometrial proteins which were absent from the 'mean'
SDS-PAGE molecular weight profile determined for total, BS-ve, OVX:Control
proteins (see Table 3.2.2.a); Each band represents the mean (± s.e.m, n > 4)
molecular weight (kDa) corresponding to the midpoint of a region of molecular
weight proximity, and the width of the upper and lower halves of a band
correspond, respectively, to the upper and lower limits of the mean it represents.

( * )- Positions along run of midpoints of regions of molecular weight proximity
(represented as bands) present in the 'mean' SDS-PAGE molecular weight profile
determined for total, BS-ve, OVX:E2-regulated released endometrial proteins which
were absent from 'mean' SDS-PAGE molecular weight profiles determined for total,
BS-ve, OVX:P4-regulated and OVX:(P4+E2)-regulated, released endometrial proteins
(see Table 3.2.2.a).
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Figure 3 . 2 . 2 . iii.ri

One-dimensional SDS-PAGE analysis of BS-ve, [^H]-leucine-incorporated proteins
synthesised and secreted in culture by endometrium removed from ovariectomised
guinea-pigs treated with progesterone and oestradiol [OVX:(P^+E2)-regulated) .

Proteins [ 100|±g/sample; 60|±g (approx.)/standard sample] were run on a 12%
homogeneous polyacrylamide gel for 12h at a constant current of 12mA which was

subsequently developed using Coomassie Blue staining. STD - standard molecular
weight (kDa) proteins. RP - molecular weights (kDa) and positions along run of
proteins represented by peaks of radioactivity in the profile determined for the
sample (Figure 3.2.2.iii.i) following slicing and counting of the gel run. M
< P 4+E2) - Positions along run of midpoints of regions of molecular weight
proximity (represented as bands) present in the 'mean' SDS-PAGE molecular weight
profile determined for total, BS-ve, OVX: (P4+E2)-regulated released endometrial
proteins which were absent from the 'mean' SDS-PAGE molecular weight profile
determined for total, BS-ve, 0VX:Control proteins (see Table 3.2.2.a); Each band
represents the mean (± s.e.m, n > 4) molecular weight (kDa) corresponding to the
midpoint of a region of molecular weight proximity, and the width of the upper and
lower halves of a band correspond, respectively, to the upper and lower limits of
the mean it represents. ( * )- Positions along run of midpoints of regions of
molecular weight proximity (represented as bands) present in the 'mean' SDS-PAGE
molecular weight profile determined for total, BS-ve, OVX:(P^+E2)-regulated
released endometrial proteins which were absent from 'mean' SDS-PAGE molecular
weight profiles determined for total, BS-ve, OVX:P^-regulated and OVX:E2~
regulated, released endometrial proteins (see Table 3.2.2.a).
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One-dimensional SDS-PAGE analysis of BS-ve and BS+ve, [ 3H]-leucine-
incorporated proteins synthesised and secreted in culture by
endometrium removed from pregnant guinea-pigs on Day 15 of pregnancy

(Pregnancy-associated proteins) . Proteins [ 10 0|+g/sample ;

60|J.g (approx. )/standard sample] were run on a 12% homogeneous
polyacrylamide gel for 12h at a constant current of 12mA which was

subsequently developed using Coomassie Blue staining. BS-ve - band
profile obtained for Pregnancy-associated, BS-ve, [3H]-leucine-
incorporated proteins; BS+ve - band profile obtained for Pregnancy-

associated, BS+ve, [3H]-leucine-incorporated proteins. STD - standard
molecular weight (kDa) proteins. RP - molecular weights (kDa) and
positions along individual runs of proteins represented by peaks of
radioactivity in profiles determined for samples (Figure 3.2.2.iii.j
for BS-ve proteins and Figure 3.2.2.iii.k for BS+ve proteins)
following slicing and counting of gel runs.
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Figure 3.2.2.iii.f

Radioactivity profile determined for secreted, BS-ve, [ 3H]-leucine-

incorporated proteins synthesised in culture by endometrium removed from
ovariectomised guinea-pigs treated with hormone vehicle (arachis oil) only,

following seperation by SDS-PAGE (see Figure 3.2.2.iii.a). The gel run was

sliced and gel sections were counted to determine the amount of

radioactivity (dpm) present in each section [see part (iii) of the
'Methods' section of this Experiment]. The various figures in the profile

indicate the molecular weights (kDa) of proteins represented by the
different peaks of radioactivity.
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Figure 3.2.2.iii.g

Radioactivity profile determined for secreted, BS-ve, [ 3H]-leucine-
incorporated proteins synthesised in culture by endometrium removed from
ovariectomised guinea-pigs treated with progesterone, following seperation

by SDS-PAGE (see Figure 3.2.2.iii.b) . The gel run was sliced and gel
sections were counted to determine the amount of radioactivity (dpm)

present in each section [see part (iii) of the Methods' section of this

Experiment]. The various figures in the profile indicate the molecular

weights (kDa) of proteins represented by the different peaks of

radioactivity.
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Figure 3.2.2.iii.h

Radioactivity profile determined for secreted, BS-ve, [ 3H]-leucine-

incorporated proteins synthesised in culture by endometrium removed from

ovariectomised guinea-pigs treated with oestradiol, following seperation by
SDS-PAGE (see Figure 3.2.2.iii.c). The gel run was sliced and gel sections

were counted to determine the amount of radioactivity (dpm) present in each
section [see part (iii) of the ''Methods' section of this Experiment] . The

various figures in the profile indicate the molecular weights (kDa) of

proteins represented by the different peaks of radioactivity.
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Figure 3.2.2.iii.i

Radioactivity profile determined for secreted, BS-ve, [ 3H]-leucine-

incorporated proteins synthesised in culture by endometrium removed from

ovariectomised guinea-pigs treated with progesterone and oestradiol,

following seperation by SDS-PAGE (see Figure 3.2.2.iii.d). The gel run was

sliced and gel sections were counted to determine the amount of

radioactivity (dpm) present in each section [see part (iii) of the

'Methods' section of this Experiment]. The various figures in the profile
indicate the molecular weights (kDa) of proteins represented by the

different peaks of radioactivity.
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Figure 3.2.2.iii.j

Radioactivity profile determined for secreted, BS-ve, [3H]-leucine-
incorporated proteins synthesised in culture by endometrium removed from

pregnant guinea-pigs on Day 15 of pregnancy, following seperation by SDS-

PAGE (see Figure 3.2.2.iii.e). The gel run was sliced and gel sections were

counted to determine the amount of radioactivity (dpm) present in each
section [see part (iii) of the ,Methods' section of this Experiment]. The

various figures in the profile indicate the molecular weights (kDa) of

proteins represented by the different peaks of radioactivity.



Pregnancy-associated. BS+ve.
T3H1-Leucine-Incorporated Proteins

3 -i

101.2

0)
Cn 44.8

S
O
M

1-1
0)
>
O
o
a)
M 22 . 6

20.9

17 . 6

15.8

I 11 111 III 11 III 11 III | II II | II 11 | II II | 11 II | III l| III 11 III l|i 11 111 n i|i n I 11 n I y I in yn II [ ■ I II | 11 II | 11111 III 11 II I 11 111 111 I I I |

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120

Section no.(lsection ~1.51mm)

Radioactivity profile determined for secreted, BS+ve, [ 3H]-leucine-

incorporated proteins synthesised in culture by endometrium removed from

pregnant guinea-pigs on Day 15 of pregnancy, following seperation by SDS-

PAGE (see Figure 3.2.2.iii.e). The gel run was sliced and gel sections were

counted to determine the amount of radioactivity (dpm) present in each
section [see part (iii) of the ''Methods' section of this Experiment] . The

various figures in the profile indicate the molecular weights (kDa) of

proteins represented by the different peaks of radioactivity.



3.2.2.iii.a-k are discussed further under the various relevant

headings given below.

(a) OVX:Control. BS-ve. r3H1 -leucine-incorporated proteins

Points of radioactivity corresponding to molecular weights of

42.1kDa and 15.4kDa (Figure 3.2.2.iii.f) coincided with bands in the

band profile obtained for this sample (Figure 3.2.2.iii.a). As in the

case of individual band profiles used to construct the 'mean' SDS-

PAGE molecular weight profile for OVX:Control, BS-ve, released

endometrial proteins and individual band profiles used to construct

'mean' SDS-PAGE molecular weight profile for OVX:P^-regulated,

OVX:E2-regulated and OVX: (P4+E2)-regulated, BS-ve, released

endometrial proteins (Table 3.2.2.a), a major protein band

corresponding to a molecular weight of approximately 67kDa was

present which was not radioactive in nature. In addition, band

resolution appeared to decrease for bands representing proteins with

molecular weights of less than approximately 20kDa.

(b) OVX:P^-regulated. BS-ve, f3H1 -leucine-incorporated proteins

Points of radioactivity corresponding to molecular weights of

74.3kDa, 56.9kDa, 37.4kDa, 15.5kDa and 14.6kDa (Figure 3.2.2.iii.g)

coincided with bands in the band profile obtained for this sample

(Figure 3 .2 .2.iii.b) . A region of molecular weight proximity present

in the 'mean' SDS-PAGE molecular weight profile determined for

OVX:P4-regulated, BS-ve proteins with a mean (± s.e.m., n > 4)

midpoint molecular weight of 31.2 ± O.lkDa, which was present only in

the 'mean' SDS-PAGE molecular weight profile determined for these
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proteins (Table 3.2.2. a) also coincided with a band in the band

profile obtained for this sample (Figure 3.2.2.iii.b). Once again, as

in the case of individual band profiles used to construct the 'mean'

SDS-PAGE molecular weight profile for OVX:P^-regulated, BS-ve,

released endometrial proteins and individual band profiles used to

construct 'mean' SDS-PAGE molecular weight profiles for OVX:Control,

OVX:E2~regulated and OVX: (P4+E2)-regulated, BS-ve, released

endometrial proteins (Table 3.2.2.a), a major protein band

corresponding to a molecular weight of approximately 67kDa was

present which was not radioactive in nature. Again band resolution

appeared to decrease for bands representing proteins with molecular

weights of less than approximately 20kDa.

(c) QVX:E2-regulated, BS-ve, L3H1 -leucine-incorporated proteins

Points of radioactivity corresponding to molecular weights of

121.3kDa, 114.8kDa, 74.0kDa, 45.4kDa, 35.4kDa and 14.7kDa (Figure

3.2.2.iii.h) coincided with bands in the band profile obtained for

this sample (Figure 3.2.2.iii.c) . Regions of molecular weight

proximity present in the 'mean' SDS-PAGE molecular weight profile

determined for OVX:E2-regulated, BS-ve proteins with mean (± s.e.m.,

n > 4) midpoint molecular weights of 113.5 ± 0.4kDa and 35.6 ± 0.2kDa

(Table 3.2.2.a) also coincided with bands in the band profile

obtained for this sample (Figure 3.2.2.iii.c). Again, as in the case

of individual band profiles used to construct the 'mean' SDS-PAGE

molecular weight profile for OVX:E2-regulated, BS-ve, released

endometrial proteins and individual band profiles used to construct
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'mean' SDS-PAGE molecular weight profiles for OVX:Control, OVX:P4~

regulated and OVX: (P4+E2)-regulated, BS-ve, released endometrial

proteins (Table 3.2.2.a), a major protein band corresponding to a

molecular weight of approximately 67kDa was present which was not

radioactive in nature, and band resolution appeared to decrease for

bands representing proteins with molecular weights of less than

approximately 20kDa.

(d) QVX; (P4±E2)-regulated, BS-ve, r3H1 -leucine-incorporated proteins

Points of radioactivity corresponding to molecular weights of

63.0kDa, 74.0kDa, 42.4kDa, 40.7kDa, 39.3kDa and 27.9kDa (Figure

3.2.2.iii.i) coincided with bands in the band profile obtained for

this sample (Figure 3.2.2.iii.d). Interestingly, the point of

radioactivity corresponding to a molecular weight of 42.4kDa also

coincided with a region of molecular weight proximity present in the

'mean' SDS-PAGE molecular weight profile determined for OVX: (P4+E2)-

regulated, BS-ve proteins with a mean (± s.e.m., n > 4) midpoint

molecular weight of 42.4 ± 0.lkDa (Figure 3.2.2.iii.d). This region

of molecular weight proximity was present only in the 'mean' SDS-PAGE

molecular weight profile determined for OVX: (P4+E2)-regulated, BS-ve

proteins (Table 3.2.2.a) . One other region of molecular weight

proximity present in the 'mean' SDS-PAGE molecular weight profile

determined for OVX: (P4+E2)-regulated, BS-ve proteins with a mean (±

s.e.m., n > 4) midpoint molecular weight of 44.3 ± 0.4kDa (Table

3.2.2. a) also coincided with a band in the band profile obtained for

this sample (Figure 3.2.2.iii.d) . Once more, as in the case of
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individual band profiles used to construct the 'mean' SDS-PAGE

molecular weight profile for OVX: (P4+E2)-regulated, BS-ve, released

endometrial proteins and individual band profiles used to construct

'mean' SDS-PAGE molecular weight profiles for OVX:Control, OVX:P4-

regulated and OVX:E2-regulated, BS-ve, released endometrial proteins

(Table 3.2.2.a), a major protein band corresponding to a molecular

weight of approximately 67kDa was present which was not radioactive

in nature. Also, band resolution appeared to decrease for bands

representing proteins with molecular weights of less than

approximately 20kDa.

(e.i) Pregnancy-associated. BS-ve. f3H1-leucine-incoroorated proteins

Points of radioactivity corresponding to molecular weights of

108.4kDa, 93.8kDa, 83.8kDa, 71.1kDa, 66.1kDa, 33.4kDa, 29.3kDa,

19.5kDa and 19.0kDa (Figure 3.2.2.iii.j) coincided with bands in the

band profile obtained for this sample (Figure 3.2.2.iii.e), and the

band coinciding with the point of radioactivity corresponding to a

molecular weight of 83.8kDa was the second most intense of all bands

obtained. As in the case of the various band profiles obtained for

the different protein categories above, a major protein band

corresponding to a molecular weight of approximately 67kDa was

present which in this case coincided with more than one point of

radioactivity. Also, band resolution appeared to decrease for bands

representing proteins with molecular weights of less than

approximately 20kDa.

221



(e.ii) Pregnancy-associated. BS +ve. I" 3H1-leucine-incorporated

proteins

Points of radioactivity corresponding to molecular weights of

101.2kDa, 44.8kDa, 20.9kDa and 15.8kDa (Figure 3.2.2.iii.k) coincided

with bands in the band profile obtained for this sample (Figure

3.2.2.iii .e), and the band coinciding with the point of radioactivity

corresponding to a molecular weight of 101.2kDa was the second most

intense of all bands obtained. A major protein band corresponding to

a molecular weight of approximately 67kDa was also present in this

case which was not radioactive in nature, and again band resolution

appeared to decrease for bands representing proteins with molecular

weights of less than approximately 20kDa.

In general, the intensity of the major protein band which

corresponded to a molecular weight of approximately 67kDa and which

was present in all SDS-PAGE profiles obtained above for the various

radioactive protein categories appeared to be greatest in the case of

the profile obtained for Pregnancy-associated, BS+ve, [3H]-leucine-

incorporated proteins, followed, in order of decreasing intensity, by

profiles obtained for BS-ve, [3H]-leucine-incorporated, OVX:E2~

regulated, Pregnancy-associated, OVX:P^-regulated and OVX: (P4+E2) -

regulated proteins, with this band present in the profile obtained

for OVX:Control, BS-ve, [3H]-leucine-incorporated proteins possessing

the lowest intensity of all.
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Only radioactivity profiles obtained for OVX:P4-regulated,

OVX:E2-regulated and OVX:(P4+E2)-regulated, BS-ve, [ 3H]-leucine-

incorporated proteins contained 'focused' peaks; i.e. peaks present

in these profiles were in general fewer in number, more distinct and

amplified in size relative to profiles obtained for OVX:Control, BS-

ve, [ 3H]-leucine-incorporated proteins and Pregnancy-associated,

BS+ve, [3H] - leucine-incorporated proteins. This indicates an

increased incorporation of [3H]-leucine into specific proteins. The

profile obtained for OVX:P4-regulated, BS-ve, [3H]-leucine

incorporated proteins revealed four major peaks of radioactivity

corresponding to molecular weights of 18.6kDa, 19.5kDa, 20.0kDa and

74.3kDa which respectively comprised 28.2%, 6.9%, 11.0% and 8.2% of

the total radioactivity recovered (Figure 3.2.2.iii.g). Similarly,

the profile obtained for OVX:E2-regulated, BS-ve, [ 3H]-leucine-

incorporated proteins revealed two major peaks of radioactivity

corresponding to molecular weights of 18.1kDa and 95.3kDa which

respectively comprised 13.1% and 16.9% of the total radioactivity

recovered (Figure 3.2.2.iii.h). However, the profile which contained

the greatest number of 'focused' peaks was that obtained for

OVX: (P4+E2)-regulated, BS-ve, [ 3H]-leucine-incorporated proteins

which contained five major peaks of radioactivity corresponding to

molecular weights of 15.2kDa, 16.0kDa, 16.8kDa, 20.7kDa and 55.2kDa

which respectively comprised 11.9%, 10.7%, 9.4%, 17.2% and 10.8% of

the total radioactivity recovered (Figure 3.2.2.iii.i).
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2. VHMWR, HMWR and LMWR OVX: (P,+E;)-regulated. BS-ve, \ 3H1-Leucine-
Incorporated Proteins

The array of bands obtained following the Coomassie Blue

staining of the gel used to separate by one-dimensional SDS-PAGE

VHMWR, HMWR and LMWR OVX:(P4+E2)-regulated, BS-ve, [ 3H]-leucine-

incorporated proteins is shown in Figure 3.2.2.iii.l. Also

illustrated in this Figure are molecular weights corresponding to

positions along individual runs which were determined as

corresponding to peaks of radioactivity present in profiles

determined for each weight range sample (Figure 3.2.2.iii.m). The

results shown in Figure 3.2.2.iii.l are discussed further under the

various relevant headings given below.

VHMWR Proteins

A point of radioactivity corresponding to a molecular weight of

35.8kDa (Figure 3.2.2.iii.m) coincided with the only major band

present in the band profile obtained for this sample (Figure

3 . 2 . 2 . iii.1) . In addition, two low-intensity bands corresponding to

molecular weights of 32.4kDa and 30.9kDa were also obtained as were

several very nondistinct bands corresponding to molecular weights of

less than approximately 18.0kDa.

HMWR Proteins

Points of radioactivity corresponding to molecular weights of

81.3kDa, 34.3kDa and 20.7kDa (Figure 3.2.2.iii.m) coincided with

bands in the band profile obtained for this sample (Figure

3.2.2.iii.1) . The protein band corresponding to a molecular weight of
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Fiaure 3.2.2.iii.1

One-dimensional SDS-PAGE analysis of various protein weight ranges
obtained following gel filtration on Sephacryl S-200HR of BS-ve,
[3H]-leucine-incorporated proteins synthesised and secreted in
culture by endometrium removed from ovariectomised guinea-pigs
treated with progesterone and oestradiol [OVX: (P4+E2)-regulated].
Proteins [ 100(lg/sample; 60|J.g (approx.)/standard sample] were run on a
12% homogeneous polyacrylamide gel for 12h at a constant current of
12mA which was subsequently developed using Coomassie Blue staining.
VHMWR - proteins subjected to electrophoresis with molecular weights
> 147.9kDa; HMWR - proteins subjected to electrophoresis with
molecular weights in the range 16.1 to 147.9kDa; LMWR - proteins
subjected to electrophoresis with molecular weights < 16.1kDa. STD -

standard molecular weight (kDa) proteins. RP - molecular weights
(kDa) and positions along individual runs of proteins represented by
peaks of radioactivity in profiles determined for samples (Figure
3.2.2. iii.m) following slicing and counting of gel runs.
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Figure 3.2.2.iii.m

Radioactivity profiles determined for the various protein weight ranges

(obtained by gel filtration on Sephacryl S-200HR; see Figure 3.2.2.i.c) of

BS-ve, [3H]-leucine-incorporated proteins synthesised and secreted in

culture by endometrium removed from ovariectomised guinea-pigs treated with

progesterone and oestradiol [OVX:(P4+E2)-regulated], following seperation
by SDS—PAGE (see Figure 3.2.2.iii.l). VHMWR Proteins - proteins subjected
to electrophoresis with molecular weights > 147.9kDa; HMWR Proteins -

proteins subjected to electrophoresis with molecular weights in the range

16.1 to 147.9kDa; LMWR Proteins - proteins subjected to electrophoresis
with molecular weights < 16.1kDa. In each case the gel run was sliced and

gel sections were counted to determine the amount of radioactivity (dpm)

present in each section [see part (iii) of the '"Methods' section of this

Experiment].



approximately 67kDa present in all band profiles previously analysed

was also present in the profile obtained for this sample at a high

intensity, and in general the bands obtained in this profile were the

most highly defined relative to the profiles obtained for the other

two weight ranges.

LMWR Proteins

The band profile obtained for this sample revealed several

extremely feint protein bands with molecular weights greater than

approximately 20.0kDa, namely at 65.4kDa, 35.9kDa, 34.5kDa, 32.5kDa,

30.8kDa and 20.8kDa (Figure 3.2.2.iii.l) . Of these bands, those

corresponding to molecular weights of 30.8kDa and 20.8kDa coincided

with points of radioactivity (Figure 3.2.2.iii.m) . Several very

nondistinct bands corresponding to molecular weights of less than

approximately 18.0kDa were also obtained.

As in the case of radioactivity profiles obtained for VHMWR,

HMWR and LMWR, Day-15, BS-ve, [3H]-leucine-incorporated proteins

previously (refer to section 3.1.2, Figure 3.1.2.iii.1), VHMWR and

LMWR profiles shown in Figure 3.2.2.iii.m contained peaks whose range

lay outside the molecular weight limits of the range of proteins

subjected to electrophoresis. Thus, considering the profile

determined for LMWR, OVX: (P4+E2)-regulated, BS-ve, [3H]-leucine-

incorporated proteins, whereas the molecular weight range of proteins

subjected to electrophoresis was < 16.1kDa, the actual profile

obtained revealed peaks corresponding to molecular weights ranging

from 15.2kDa to 136.5kDa, including a major peak at 56.8kDa which
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comprised 25.3% of the total radioactivity recovered. Likewise, in

the case of the profile obtained for VHMWR, OVX: (P4+E2)-regulated,

BS-ve, [3H]-leucine-incorporated proteins, although the molecular

weight range of proteins subjected to electrophoresis was > 147.9kDa,

one prominent peak corresponding to a molecular weight of 63.5kDa was

obtained which comprised 31.1% of the total radioactivity recovered.

The radioactivity profile determined for HMWR, OVX:(P4+E2)-regulated,

BS-ve, [ 3H]-leucine-incorporated proteins revealed peaks

corresponding to molecular weights ranging from 16.7kDa to 141.5kDa

including two major peaks at 25.0kDa and 26.6kDa which, respectively,

comprised 11.3% and 18.9% of the total radioactivity recovered.

CONCLUSIONS

Electrophoretic analysis of OVX:Control, OVX:P^-regulated,

OVX:E2-regulated and OVX: (P 4+E2)-regulated, BS-ve, released

endometrial proteins in Experiment 1 revealed, as in the case of SDS-

PAGE profiles determined for Day-7 and Day-15, BS-ve, released

endometrial proteins (see section 3.1.2), a very large protein band

which appeared to have a relative mobility similar to that of the

protein standard bovine serum albumin (MW — 67kDa) . Furthermore,

this component was common to all profiles obtained for these protein

samples and appeared to comprise in each case the largest fraction of

all proteins present. In addition, several component proteins of

these different 'mean' SDS-PAGE molecular weight profiles appeared to

be 'treatment-specific' since they were only seen in the 'mean' SDS-

PAGE molecular weight profile determined for OVX:P^-regulated,
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OVX:E2-regulated or OVX: (P4+E2)-regulated, BS-ve, released

endometrial proteins. Thus, the 'mean' SDS-PAGE molecular weight

profile determined for OVX:P4-regulated, BS-ve, released endometrial

proteins contained four 'progesterone-specific' protein components

with mean (± s.e.m., n > 4) molecular weights of 31.2 ± O.lkDa, 43.2

± 0.2kDa, 111.1 ± 0.7kDa and 125.4 ± 0.8kDa. Similarly, the 'mean'

SDS-PAGE molecular weight profile determined for OVX:E2-regulated,

BS-ve, released endometrial proteins contained two 'oestradiol-

specific' components with mean (± s.e.m., n > 4) molecular weights of

35.6 ± 0.2kDa and 40.5 ± 0.4kDa. However, the greatest number of

hormone-specific protein components was contained in the 'mean' SDS-

PAGE molecular weight profile determined for OVX: (P 4+E2)-regulated,

BS-ve, released endometrial proteins where five such components with

mean (± s.e.m., n > 4) molecular weights of 15.7 ± O.lkDa, 16.6 ±

O.lkDa, 17.2 ± O.OkDa, 42.4 ± O.lkDa and 44.3 ± 0.4kDa were present.

Protein components were also present in the 'mean' SDS-PAGE molecular

weight profile obtained for OVX: (P4+E2)-regulated, BS-ve, released

endometrial proteins which appeared to be induced by oestradiol

alone, as in the case of those with mean (± s.e.m., n > 4) molecular

weights of 113.5 ± 0.7kDa and 31.7 ± O.lkDa, or induced by both

progesterone and oestradiol as in the case of those with mean (±

s.e.m., n > 4) molecular weights of 103.0 ± 0.6kDa and 51.8 ± 0.3kDa.

Elution profiles obtained in Experiment 2 following gel

filtration chromatography on Sephacryl S-200HR of secreted, BS-ve,

[3H]-leucine incorporated proteins synthesised in culture by
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endometrium removed from ovariectomised guinea-pigs treated with

progesterone, oestradiol, or progesterone and oestradiol, and from

Day-15 pregnant guinea-pigs all contained an A280nm peak

corresponding to a protein component comprised of one or more

protein(s) with molecular weight(s) >250.03kDa. This component was

found to coincide in every case with a peak of radioactivity which

represented protein (s) with molecular weight(s) in the same molecular

weight range. Peak size ratio (PSR) analysis revealed that, although

the size order for the total protein content of this component

present in the different protein samples was OVX: (P4+E2)-regulated,

BS-ve proteins > OVX:P4~regulated, BS-ve proteins > Pregnancy-

associated, BS-ve proteins > OVX:E2_regulated, BS-ve proteins, the

proportion of proteins in this component which were synthesised de

novo was greatest in the case of OVX:E2-regulated, BS-ve proteins,

followed by Pregnancy-associated, BS-ve proteins, followed by

OVX: (P4+E2)-regulated, BS-ve proteins, and followed finally by

OVX:P4-regulated, BS-ve proteins.

The U.V. elution profile obtained for OVX: (P4+E2)-regulated,

BS-ve, [3H] -leucine-incorporated proteins showed a minor component

protein with a molecular weight of 87.8kDa which appeared to be

oestradiol-induced since it was also observed in the elution profile

determined for OVX: E2-regulated, BS-ve, [ 3H] -leucine-incorporated

proteins. However, further analysis of the respective radioactivity

profiles of these samples revealed this not to be the case in that

whereas the 87.8kDa protein component of the OVX:E2-regulated, BS-ve,
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[3H]-leucine-incorporated protein sample was nonradioactive, the

A2g0nm Peak representing the 87.8kDa protein component in the U.V.

filtration profile obtained for OVX: (P 4+E2) -regulated, BS-ve, [3H]-

leucine-incorporated proteins coincided with a peak of radioactivity

which represented a protein with a molecular weight in the range 87.8

to 99.8kDa. This indicated, therefore, that the 87.8kDa A280nm peak

seen in the U.V. elution profiles obtained for both samples

represented two different proteins, namely a 87.8kDa nonradioactive

protein component in the case of the OVX: (P4+E2)-regulated protein

sample, and a freshly synthesised protein component with a molecular

weight in the range 87.8 to 99.8kDa in the case of the OVX:E2~

regulated protein sample. The radioactivity profile determined for

OVX: (P4+E2)-regulated, BS-ve, [3H]-leucine-incorporated proteins also

revealed the presence of a protein with a molecular weight in the

range 192.0kDa to 218.8kDa, which may be oestradiol-induced since the

same protein also appeared to be represented in the radioactivity

profile determined for OVX:E2-regulated, BS-ve, [ 3H]-leucine-

incorporated proteins. The size of this component appeared to be the

same in both protein samples. More interestingly, the radioactivity

profile determined for OVX: (P4+E2)-regulated, BS-ve, [3H]-leucine-

incorporated proteins revealed the presence of two peaks of

radioactivity which were absent from all other elution profiles

obtained in this experiment. These included a minor peak of

radioactivity which represented a protein component with a molecular
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weight in the range 9.6kDa to 10.9kDa, and a highly prominent peak of

radioactivity which represented a protein component with a molecular

weight in the range 99.8kDa to 114.0kDa. This latter protein

component (MW 99.8kDa to 114.0kDa) may be the same freshly

synthesised protein component with a molecular weight in the range

99.8kDa to 114.0kDa observed in the case of Day-7 and Day-15, BS-ve,

[3H] -leucine-incorporated proteins (see section 3.1.2) . The

OVX: (P4+E2)-regulated, BS-ve, [ 3H]-leucine-incorporated protein

sample also appeared to contain two very minor de novo synthesised

protein components whose respective molecular weights were in the

ranges 18.4kDa to 20.9kDa and 27.1kDa to 30.9kDa. This latter

component may be progesterone-induced since a peak of radioactivity

representing a component with a molecular weight in the same weight

range was observed in the elution profile obtained for OVX:P4-

regulated, BS-ve, [3H]-leucine-incorporated proteins.

Both the OVX:P^-regulated, BS-ve, [ 3H]-leucine-incorporated

protein sample and the Pregnancy-associated, BS-ve, [ 3H]-leucine-

incorporated protein sample contained a freshly synthesised,

progesterone-induced component with a molecular weight in the range

77.1kDa to 87.8kDa. The quantity of this protein component in the

latter sample was twice as large as the amount of this component

present in the former sample. The de novo synthesised OVX: (P4+E2)-

regulated, BS-ve, protein component with a molecular weight in the

range 18.4kDa to 20.9kDa (referred to above) was also present in the
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Pregnancy-associated, BS-ve, [ 3H]-leucine-incorporated protein

sample. The quantity of this component in the the Pregnancy-

associated, BS-ve, [3H]-leucine-incorporated protein sample was

approximately four times greater than the amount of this component

present in the OVX: (P^+Ej) - regulated, BS-ve, [ 3H]-leucine-

incorporated protein sample, which suggests that the synthesis and

secretion of this component by the guinea-pig endometrium is

dependent upon plasma conditions whereby both progesterone and

oestradiol are present but where progesterone is predominant. In

addition, the Pregnancy-associated, BS-ve, [ 3H]-leucine-incorporated

protein sample contained a non-radioactive component with a molecular

weight of 99.8kDa which appeared to be progesterone-induced since the

OVX: P^-regulated, BS-ve, [3H]-leucine-incorporated protein sample

also appeared to contain this protein as a constituent. However, the

amount of this component in the Pregnancy-associated, BS-ve, [3H]-

leucine-incorporated protein sample was nearly three times the amount

of this component in the OVX:P4-regulated, BS-ve, [ 3H]-leucine-

incorporated protein sample. Also, the freshly synthesised, partially

glycosylated, BS-ve protein with a molecular weight in the range

99.8kDa to 114.0kDa described previously (see section 3.1.2 under

'RESULTS' for Experiment 2), the output of which increased more than

five-fold from Day 7 to Day 15 of the cycle, appeared to be absent

from the elution profile determined for the Pregnancy-associated, BS-

ve, [3H]-leucine-incorporated protein sample. This may have been
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because the amount of this protein present in the Pregnancy-

associated, BS-ve, [3H]-leucine-incorporated protein sample was too

low to be registered in the elution profile obtained for this sample.

The OVX:P^-regulated, BS-ve, [3H]-leucine-incorporated protein

sample also contained two freshly synthesised components with

respective molecular weights in the ranges 35.2kDa to 40.1kDa and

45.7kDa to 52.1kDa, and which appeared to be absent from all other

samples fractionated. Furthermore, this latter component appeared to

absorb U.V. radiation at 280nm whereas the former component did not.

Several freshly synthesised protein components, none of which seemed

to absorb U.V. light at 280nm, appeared to be induced by both

progesterone and oestradiol since they were present in the

radioactivity profiles obtained for both OVX:P^-regulated, BS-ve,

[3H]-leucine-incorporated proteins and OVX:E2-regulated, BS-ve, [3H] —

leucine-incorporated proteins. These included four components with

molecular weights in the ranges 7.4kDa to 8.4kDa, 10.9kDa to 12.4kDa,

16.1kDa to 18.4kDa and finally 20.9kDa to 23.8kDa.

U.V. elution profiles obtained for BS +ve, [ 3H]-leucine-

incorporated, OVX:P^-regulated, OVX:E2-regulated and OVX:(P4+E2)-

regulated proteins all contained, as in the case of profiles

determined for BS-ve proteins, an A280nm peak corresponding to a

protein component comprised of one or more protein(s) with molecular

weight(s) >250.0kDa and which, in every case, coincided with one or

more peaks of radioactivity representing protein (s) with molecular

weight(s) in the same weight range (>250.0kDa). PSR analysis showed
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that the total protein content and the de novo synthesised fraction

of this component to be the same for all three BS+ve protein samples.

The U.V. elution profile obtained for OVX:(P4+E2)-regulated,

BS+ve, [3H]-leucine-incorporated proteins revealed a nonradioactive

component with a molecular weight of 87.8kDa, which appeared to be

oestradiol-induced since the same component was observed in the U.V.

elution profile determined for OVX:E2~regulated, BS+ve, [ 3H]-leucine-

incorporated proteins. The size of this component was approximately

the same in both protein samples. The U.V. elution profile obtained

for OVX:P^-regulated, BS+ve, [3H]-leucine-incorporated proteins also

contained an A280nm peak which corresponded to a molecular weight of

87.8kDa. However, this A280nm peak, unlike the 87.8kDa A280nm peak

observed in the profile determined for the other two samples,

coincided with a peak of radioactivity which represented a protein

with a molecular weight in the range 87.8kDa to 99.8kDa and which was

absent from the other BS+ve profiles. This indicates, therefore, that

the A280nm peak representing the 87.8kDa protein seen in the U.V.

elution profile of OVX:P4-regulated, BS+ve, [3H]-leucine-incorporated

proteins is possibly different from those represented by the A280nm

peak seen in the U.V. elution profiles of BS+ve, [ 3H]-leucine-

incorporated, OVX: (P4+E2)-regulated and OVX:E2-regulated proteins.

The radioactivity profiles determined for BS+ve, [3H]-leucine-

incorporated, OVX: (P4+E2)-regulated and OVX:P^-regulated proteins

both revealed the presence of a protein component, with a molecular
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weight in the range 27.lkDa to 30.9kDa, whose quantity in the latter

sample was about one-fifth the amount of this component in the former

sample. This suggested that, although progesterone was able to induce

the synthesis and secretion of this component, first priming with

progesterone and then treating with oestradiol greatly enhanced the

synthesis and secretion of this protein. The radioactivity profile

obtained for OVX : (P 4+E2)-regulated, BS+ve, [3H]-leucine-incorporated

proteins also showed this sample to contain a protein component with

a molecular weight in the range 7.4kDa to 8.4kDa, which may be

oestradiol-induced since the same component also appeared to be

represented in the profile determined for OVX:E2-regulated, BS+ve,

[3H]-leucine-incorporated proteins. However, the amount of this

protein present in the OVX:E2-regulated, BS +ve, [ 3H]-leucine-

incorporated protein sample was approximately two-thirds the amount

of this protein component present in the OVX: (P 4+E2)-regulated,

BS+ve, [3H]-leucine-incorporated protein sample. This suggests once

again that, although oestradiol was able to induce the synthesis and

secretion of this protein component, first priming with progesterone

and then treating with oestradiol enhanced the synthesis and

secretion of this component.

The synthesis and secretion of several BS+ve, [3H]-leucine-

incorporated proteins, none of which absorbed U.V. light at 280nm,

appeared to be stimulated by both progesterone and oestradiol since

they were observed in the radioactivity profiles obtained for both
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OVX:P^-regulated, BS+ve, [ 3H]-leucine-incorporated proteins and

OVX:E2-regulatedf BS+ve, [3H]-leucine-incorporated proteins. These

included three component proteins with molecular weights in the

ranges 9.6kDa to 10.9kDa, 16.1kDa to 18.4kDa and 59.4kDa to 67.6kDa.

The amount of the first of these components (MW 9.6kDa to 10.9kDa)

present in the OVX:E2~regulated, BS+ve, [ 3H]-leucine-incorporated

protein sample, was approximately 4.4 times the amount of this

component present in the OVX:P4-regulated, BS+ve, [ 3H]-leucine-

incorporated protein sample. Other de novo synthesised proteins

appeared to be either progesterone-induced or oestradiol-induced. The

progesterone-induced proteins consisted of four components which

possessed molecular weights in the ranges 192.1kDa to 218.8kDa,

40.1kDa to 45.7kDa, 12.4kDa to 14.1kDa and 6.5kDa to 7.4kDa, and the

oestradiol-induced proteins also consisted of four components which

possessed molecular weights in the ranges 114.0kDa to 129.3kDa,

35.2kDa to 40.1kDa, 23.8kDa to 27.1kDa and 5.6kDa to 6.5kDa.

All protein samples had freshly synthesised protein components

which contained proteins of molecular weights of less than 5.6kDa,

and in almost every case (the exception being the OVX:P4—regulated,

BS+ve, [ 3H]-leucine-incorporated protein sample) the aggregate

quantity of these proteins in BS-ve samples was greater than their

combined quantity in BS+ve samples. Amongst BS-ve samples, the

greatest combined amount of these proteins was seen in the case of

OVX:P4~regulated, BS-ve, [3H]-leucine-incorporated proteins, followed
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by (in descending order) Pregnancy-associated, BS-ve, [ 3H]-leucine-

incorporated proteins, OVX:E2-regulated, BS-ve, [3H]-leucine-

incorporated proteins, and OVX: (P4+E2)-regulated, BS-ve, [3H]-

leucine-incorporated proteins. Similarly, amongst BS+ve proteins the

greatest combined amount of these proteins was seen in the case of

OVX:E2-regulated, BS+ve, [3H]-leucine-incorporated proteins, followed

by OVX: (P4+E2)-regulated, BS+ve, [3H]-leucine-incorporated proteins,

and followed finally by OVX:P4-regulated, BS+ve, [3H]-leucine-

incorporated proteins.

Analysis by anion exchange chromatography, in Experiment 2, of

the different weight range proteins of the various protein categories

produced findings which were very similar to those obtained for

secreted LMWR, HMWR and VHMWR, BS-ve and BS+ve, radioactive proteins

synthesised in culture by Day-7 and Day-15 endometrium following

chromatography by anion exchange. Thus, all U.V. absorbing LMWR, HMWR

and VHMWR proteins, and most radiolabelled LMWR, HMWR and VHMWR

proteins were determined as being acidic. Furthermore, a protein

component which was common to all protein samples analysed, eluted

during the transition from the third elution step (eluate containing

0.2M NaCl) to the fourth (eluate containing 0.3M NaCl). In addition,

all protein samples contained a component whose presence was

indicated by a major A280nm peak in the U.V. elution profiles

determined for these proteins. This 'common' protein component

appeared to comprise the largest fraction of all proteins present in
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HMWR protein samples of the various protein categories (HMWR1

proteins in the case of BS-ve, [3H]-leucine-incorporated, OVX:P4-

regulated and Pregnancy-associated proteins) . Also, the A280nrn peak

representing this 'common' component coincided with a peak of

radioactivity in all profiles obtained except those determined for

OVX:P,j-regulated proteins, which indicates the presence of de novo

synthesised proteins in this component.

Bias index (BI) analysis of the different weight ranges of the

various BS-ve protein samples, using their respective U.V. elution

profiles, showed that in almost every case LMWR and VHMWR proteins

appeared to be the most acidic, and HMWR proteins the least acidic of

these protein samples. LMWR and VHMWR, BS-ve, [ 3H]-leucine-

incorporated, OVX: (P4+E2)-regulated proteins were relatively more

acidic than LMWR and VHMWR, BS-ve, [3H]-leucine-incorporated, OVX:P4-

regulated and OVX:E2-regulated proteins. Furthermore, VHMWR, BS-ve,

[3H]-leucine-incorporated, OVX: (P4+E2)-regulated proteins and HMWR,

BS-ve, [3H]-leucine-incorporated, OVX:E2-regulated proteins were

respectively the most and least acidic proteins of any weight range

of BS-ve or BS+ve proteins analysed. Also, LMWR, BS-ve, [3H]-leucine-

incorporated, Pregnancy-associated proteins were relatively more

acidic than LMWR, BS-ve, [3H]-leucine-incorporated, OVX: (P4+E2)-

regulated proteins, and HMWR, BS-ve, [ 3H]-leucine-incorporated,

OVX: (P4+E2)-regulated proteins were less acidic than HMWR (HMWR1 and

HMWR2), BS-ve,
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[3H]-leucine-incorporated, OVX: (P4+E2)-regulated proteins.

U.V. elution profiles obtained for the different weight ranges

of the various BS+ve proteins revealed VHMWR, BS+ve, [3H]-leucine-

incorporated, OVX:(P4+E2)-regulated proteins to be the least acidic

of any weight range of total BS+ve proteins analysed. In addition,

HMWR, BS+ve, [3H] - leucine-incorporated, OVX : (P <j+E2)-regulated

proteins were determined as being relatively more acidic than HMWR,

BS+ve, [3H]-leucine-incorporated, OVX:P^-regulated and OVX:E2-

regulated proteins. All three weight ranges of OVX:E2~regulated,

BS+ve, [3H]-leucine-incorporated proteins possessed a more acidic

bias which appeared to decrease with the size of the range, and LMWR,

BS+ve, [3H]-leucine-incorporated, OVX:E2-regulated proteins appeared

to be the the most acidic of all total, BS+ve, weight range samples.

Analysis of radioactivity profiles obtained for the different

weight ranges of OVX: (P4+E2)-regulated, BS-ve, [ 3H]-leucine-

incorporated proteins indicated a pattern of acidity which was in

direct contrast to the pattern determined for the same proteins when

using their respective U.V. elution profiles i.e. the HMWR proteins

of this sample were more acidic whilst LMWR and VHMWR proteins of

this sample were less acidic. LMWR and VHMWR, BS-ve, [3H]-leucine-

incorporated, OVX:P^-regulated proteins were less acidic than LMWR

and VHMWR, BS-ve, [3H]-leucine-incorporated, OVX: (P4+E2)-regulated

proteins, and LMWR, BS-ve, [ 3H]-leucine-incorporated, OVX:E2-

238



regulated proteins were less acidic than LMWR, BS-ve, [ 3H]-leucine-

incorporated, OVX: (P4+E2)-regulated proteins. Also, HMWR1, BS-ve,

[3H]-leucine-incorporated, OVX:P^-regulated proteins were the least

acidic of all weight ranges of radiolabelled BS-ve and BS+ve proteins

analysed, and HMWR2, BS-ve, [3H]-leucine-incorporated, OVX:P4-

regulated proteins were more acidic than HMWR, BS-ve, [ 3H]-leucine-

incorporated, OVX: (P4+E2)-regulated proteins. VHMWR, BS-ve, [3H]~

leucine-incorporated. Pregnancy-associated proteins were the most

acidic of all weight ranges of radiolabelled, BS-ve proteins, and

LMWR, BS-ve, [3H]-leucine-incorporated proteins were less acidic than

LMWR, BS-ve, [ 3H]-leucine-incorporated, OVX : (P4+E2) -regulated

proteins. Furthermore, HMWR1, BS-ve, [ 3H]-leucine-incorporated,

Pregnancy-associated proteins were relatively more acidic than HMWR,

BS-ve, [3H]-leucine-incorporated, OVX: (P4+E2)-regulated proteins

which were in turn relatively more acidic than HMWR2, BS-ve, [3H]~

leucine-incorporated, Pregnancy-associated proteins. The acidity of

the different molecular weight ranges of Pregnancy-associated, BS-ve,

[3H]-leucine-incorporated proteins also appeared to increase with the

size of the protein weight range.

BI analysis of radioactivity profiles obtained for the

different weight ranges of BS+ve proteins revealed VHMWR, BS+ve,

[3H]-leucine-incorporated, OVX: (P4+E2) -regulated proteins to be the

most acidic of all BS+ve protein weight ranges. LMWR, BS+ve, [3H]-
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leucine-incorporated, OVX:E2-regulated proteins were more acidic than

LMWR, BS+ve, [3H] - leucine-incorporated, OVX : (P4+E2)-regulated

proteins. However, HMWR, BS + ve, [ 3H]-leucine-incorporated,

OVX: (P4+E2)-regulated proteins were less acidic than HMWR, BS+ve,

[3H]-leucine-incorporated, OVX:E2-regulated proteins, and VHMWR,

BS+ve, [3H]-leucine-incorporated, OVX:P^-regulated proteins were the

least acidic of all BS+ve protein weight ranges. The acidity of the

different OVX:E2-regulated, BS+ve, [3H]-leucine-incorporated proteins

appeared to decrease as their size increased.

The alignment of ''bands' representing midpoints of regions of

molecular weight proximity and comprising ''mean' SDS-PAGE molecular

weight profiles determined for total, BS-ve, OVX:P^-regulated,

OVX:E2-regulated and OVX: (P4+E2)-regulated released endometrial

proteins (Table 3.2.2.a), which were absent from the 'mean' SDS-PAGE

molecular weight profile determined for total, BS-ve, OVX:Control

proteins (Table 3.2.2.a), along SDS-PAGE band profiles obtained for

BS-ve, [3H]-leucine-incorporated, OVX:P^-regulated, OVX :E2-regulated

and OVX: (P4+E2)-regulated proteins (see Figures 3.2.2.iii .b-d)

revealed all but one of the proteins represented by these midpoints

of regions of molecular weight proximity to be non-radioactive. The

protein which did appear to be radioactive was represented by a

region of molecular weight proximity with a corresponding mean (±

s.e.m., n > 4) midpoint molecular weights of 42.4 ± 0 . lkDa and was

present only in the 'mean' SDS-PAGE molecular weight profile

240



determined for total OVX:(P4+E2)-regulated, BS-ve, released

endometrial proteins (Table 3.2.2.a). This finding indicates that

this protein may be freshly synthesised and is secreted only by

endometrium removed from ovariectomised guinea-pigs which had been

initially primed with progesterone and subsequently treated with

oestradiol.

The spread and density of the various peaks of radioactivity

illustrated in radioactivity profiles determined for BS-ve, [ 3H]-

leuc ine- incorpo rated, 0VX : P 4-regu 1 a t e d , OVX : E2-regulated,

OVX: (P4+E2)-regulated and Pregnancy-associated proteins following

slicing and counting of respective gel runs (see Figures 3.2.2.iii.g-

j) appeare to corroborate, in part, observations made earlier for

these samples following their fractionation on Sephacryl S-200HR.

This was because both the de novo synthesised proportion of proteins

in the 'void' components obtained for these samples following gel

filtration, and the concentration of points of radioactivity seen at

or just below the gel entrance to the various SDS-PAGE runs of these

samples (see Figures 3.2.2.iii.b-e) appeared to be greatest in the

case of OVX:E2-regulated, BS-ve proteins, followed by Pregnancy-

associated, BS-ve proteins, followed by OVX: (P4+E2)-regulated, BS-ve

proteins, and followed finally by OVX:P4-regulated, BS-ve proteins.

Furthermore, radioactivity profiles determined for these samples

showed the peaks present in these samples to be comparatively

'focused' relative to those present in profiles obtained for

OVX:Control, BS-ve, [3H]-leucine-incorporated proteins and Pregnancy-
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associated, BS+ve, [3H]-leucine-incorporated proteins; i.e. the peaks

present in radioactivity profiles determined for BS-ve, [3H]-leucine-

incorporated, OVX:P4-regulated, OVX:E2-regulated, OVX:(P4+E2)~

regulated and Pregnancy-associated proteins were generally fewer in

number, more distinct and amplified relative to those present in

profiles obtained for OVX:Control, BS-ve, [ 3H]-leucine-incorporated

proteins and Pregnancy-associated, BS+ve, [3H]-leucine-incorporated

proteins. These findings indicate an increased incorporation of [3H]-

leucine into specific proteins. Furthermore, the profile determined

for OVX: (P4+E2)-regulated, BS-ve, [ 3H]-leucine-incorporated proteins

contained the greatest number of 'focused' peaks since there appeared

to be a specific 'channelling' of [3H]-leucine into five major

components with molecular weights of 15.2kDa, 16.0kDa, 16.8kDa,

20.7kDa and 55.2kDa which, respectively, comprised 11.9%, 10.7%,

9.4%, 17.2% and 10.8% of the total radioactivity recovered. These

components may represent protein breakdown products and the 16.0kDa,

16.8kDa, 20.7kDa and 55.2kDa components may represent the breakdown

products on SDS-PAGE of the major protein with a molecular weight in

the range 99.8kDa to 114.0kDa observed in the elution profile

obtained for OVX : (P 4+E2)-regulated, BS-ve, [ 3H]-leucine-incorporated

proteins following fractionation on Sephacryl S-200HR (see Figure

3.2.2.i.c). That these proteins may be breakdown products is

supported by the finding that all three weight ranges of OVX:(P4+E2)-

regulated, BS-ve,
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[3H]-leucine-incorporated proteins contained, as in the case of the

SDS-PAGE radioactivity profiles determined for the different weight

ranges of Day-15, BS-ve, [3H]-leucine-incorporated proteins (see

section 3.1.2, Figure 3.1.2.iii.1), peaks of radioactivity whose

range lay outside the molecular weight limits of the proteins being

subjected to electrophoresis. Also, the SDS-PAGE radioactivity

profile determined for HMWR, BS-ve, [ 3H]-leucine-incorporated,

OVX: (P4+E2)-regulated proteins (see Figure 3.2.2.iii.m) contained two

major peaks of radioactivity which represented proteins with

molecular weights of 25.0kDa and 26.6kDa and which respectively

comprised 11.3% and 18.9% of the total radioactivity recovered. These

peaks appeared to be absent from radioactivity profiles determined

for LMWR and VHMWR, BS-ve, [3H]-leucine-incorporated, OVX: (P4+E2)-

regulated proteins (see Figure 3.2.2.iii.m). It is possible that

these two peaks present in the SDS-PAGE radioactivity profile

determined for HMWR, BS-ve, [3H]-leucine-incorporated, OVX:(P4+E2)-

regulated proteins together with one other very minor peak of

radioactivity present in the same profile, which represented a

protein with a molecular weight of 81.3kDa and which comprised 0.5%

of the total radioactivity recovered, are breakdown products of the

major protein with a molecular weight in the range 99.8kDa to

114.0kDa observed in the elution profile obtained for OVX: (P4+E2)-

regulated, BS-ve, [3H]-leucine-incorporated proteins following

fractionation on Sephacryl S-200HR.
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DISCUSSION

These experiments have shown that the amount and character of

proteins released during culture from the endometrium of

ovariectomised guinea-pigs treated with progesterone and/or

oestradiol, and from Day-15 pregnant endometrium are directly

dependent upon the hormone(s) to which the endometrium was exposed

in vivo prior to excision. As in the case of proteins released from

cultured Day-7 and Day-15 endometrium (see section 3.1), endometrial

proteins found in media used in these studies appear to fall into two

categories, namely one consisting of proteins synthesised and

secreted by endometrial epithelium and/or stroma, and another

consisting of proteins which may have diffused from cultured tissues

but not produced by them during culture.

Protein Turnover (PT) analysis revealed that neither the output

of proteins (total and BS-ve) from the endometrium of ovariectomised

guinea-pigs treated with progesterone nor the output of these

proteins from Day-15 pregnant endometrium was significantly different

from the output of these proteins from the endometrium of

ovariectomised animals treated with vehicle only (control). In

addition, the output of these proteins from the endometrium of

ovariectomised guinea-pigs treated with progesterone and oestradiol

was not significantly different from the turnover of these proteins

by the endometrium of ovariectomised animals treated with oestradiol

only. However, the fact that the output of endometrial proteins was

higher in the groups treated with oestradiol alone or in combination

with progesterone than in other groups suggest that oestradiol, and
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not progesterone, is the hormone which stimulates the total amount of

protein present in uterine secretions of the guinea-pig. Furthermore,

oestradiol appears to have a regulatory effect on the character of

proteins which enter the uterine lumen of this species, since the

proportion of proteins released into culture from the endometrium of

ovariectomised animals treated with oestradiol or with progesterone

and oestradiol which had affinity for Blue Sepharose was less than

the proportion of proteins released into culture from the endometrium

of ovariectomised animals treated with arachis oil (control) or

progesterone, and from Day-15 pregnant animals. These findings may

explain, in part, observations made in the previous section (3.1)

where a shift in protein output, from BS+ve to BS-ve proteins, was

seen to occur from Day 7 to Day 15 of the oestrous cycle, since

plasma oestradiol levels also increase during this transition period

(Joshi et al., 1973).

As in the case of SDS-PAGE profiles obtained for Day-7 and Day-

15, BS-ve, released endometrial proteins (see section 3.1.2 under

'RESULTS' for Experiment 2), electrophoretic examination of

OVX:Control, OVX: P4-regulated, OVX:E2-regulated and OVX : (P4+E2)-

regulated, BS-ve, released endometrial protein samples, consistently

showed that a major non-radioactive protein with a molecular weight

similar to that of serum albumin comprised a significant proportion

of all proteins present in each sample. 'Mean' SDS-PAGE molecular

weight profiles determined for these samples all contained regions of

molecular weight proximity representing non-radioactive component

proteins which were treatment-specific, since they were found only in
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the 'mean' SDS-PAGE molecular weight profile determined for OVX:P4-

regulated, OVX:E2-regulated or OVX: (P4+E2)-regulated, BS-ve, released

endometrial proteins. Whilst the number of these treatment-specific

protein components contained in the 'mean' SDS-PAGE molecular weight

profile determined for OVX:P4~regulated, BS-ve, released endometrial

proteins was nearly the same as the number contained in the sample

which contained the greatest quantity of these treatment-specific

components, namely the OVX: (P4+E2)-regulated, BS-ve, released

endometrial protein sample, OVX:E2-regulated, BS-ve, released

endometrial proteins contained the lowest number of treatment-

specific components. Hence, it appears that although oestradiol

regulates the total amount of protein present in uterine secretions,

progesterone is the main hormone responsible for the selective

movement of specific non-radioactive proteins from the endometrium

into the uterine lumen.

These non-radioactive component proteins (represented by

midpoints of regions of molecular weight proximity) comprising the

'mean' SDS-PAGE molecular weight profiles determined for the

different protein samples may originate from two possible sources:

(a) proteins released during culture, which were synthesised in the

endometrium prior to removal (i.e. pre-formed proteins), and/or (b)

proteins arising from serum. Support for the presence of this latter

category of proteins (serum proteins) comes not only from the finding

of a major non-radioactive protein with a molecular weight similar to

that of serum albumin in the SDS-PAGE profiles of all proteins

analysed, but also from the possibility that a number of the
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component bands present in the different profiles determined for

these samples may represent immunoglobulin (Ig) breakdown products

(polypeptides) since it has long been recognised that several classes

of Ig are normal constituents of the uterine secretions of several

species including the human (Tourville, Ogra, lippes and Tomasi,

1970; Wolf and Mastroianni, 1974), the rat (Wira and Sandoe, 1977)

and the cow (Bartol et al., 1985b). Thus, the progesterone-specific'

region of molecular weight proximity representing a protein with a

mean (± s.e.m., n > 4) molecular weight of 43.2 ± 0.2kDa present in

the 'mean' SDS-PAGE molecular weight profile determined for OVX:P4-

regulated, BS-ve, released endometrial proteins and/or the treatment-

specific region of molecular weight proximity representing a protein

with a mean (± s.e.m., n > 4) molecular weight of 44.3 ± 0 . 4kDa

present in the 'mean' SDS-PAGE molecular weight profile determined

for OVX:(P4+E2)-regulated, BS-ve, released endometrial proteins may

depict the heavy chain polypeptides of IgG, since this Ig has been

shown to undergo breakdown during SDS-PAGE to give IgG heavy chain

polypeptides with an apparent molecular weight of approximately 47kDa

and IgG light chain polypeptides (Anderson and Anderson, 1977;

Latner, Marshall and Gambie, 1980). In both the rat and human, the

transfer of IgA from IgA-containing plasma cells into the uterine

lumen is regulated by a glycoprotein known as 'secretory component'

(SC) or 'secretory piece' (Bienenstock and Befus, 1980), which is

synthesised and secreted by the epithelial cells of the endometrial

glands. SC binds specifically to polymeric IgA antibodies and

controls their movement into external secretions (Brandtzaeg, 1981),
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and in both the human (Sullivan and Wira, 1984a) and the rat

(Sullivan, Underdown and Wira, 1983) the levels of SC have been shown

to be regulated by oestrogen and progesterone. Furthermore, in the

rat, oestradiol has been shown to increase Ig levels in uterine

secretions through a process of water imbibition, which involves a

uterine oedematous reaction resulting in serum transudation into the

uterus (Sullivan and Wira, 1984b). Human uterine secretions have also

been shown to possess protease inhibitory activity in the form of

serum-derived a2~macroglobulin, dj-ant it ryps in and CXj-

antichymotrypsin whose transfer from plasma has been suggested as

being progesterone-regulated (Casslen, 1986) . Thus, it is conceivable

that transport systems similar to these described for the human and

the rat exist in the guinea-pig uterus which, under the influence of

progesterone and/or oestradiol, control the movement of specific

serum proteins into uterine secretions.

Results obtained following investigations into the effects of

steroid hormones in vivo on the synthesis and secretion of

endometrial proteins in vitro, support the idea that in the guinea-

pig, hormonally induced changes in endometrial protein synthesis are

responsible for the cyclic fluctuations seen in the synthesis and

secretion of endometrial PGF2a. This is because the hormone regimes to

which the ovariectomised animals used in this study were subjected

produced a pattern of protein synthesis and secretion from the

endometrium of these animals which was the same as the pattern

determined for the output of PGF2a from the endometrium of
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ovariectomised guinea-pigs subjected to the same hormone regiments

(Blatchley and Poyser, 1974; Poyser, 1983b), i.e. PGF2a output and

the secretion of proteins synthesised de novo was low in

ovariectomised animals treated with progesterone, higher in

ovariectomised animals treated with oestradiol, and at a maximum in

ovariectomised animals which had been initially primed with

progesterone and subsequently treated with oestradiol. The finding

that the in vitro synthesis and secretion of proteins by the

endometrium of Day-15 pregnant animals was very low supports previous

suggestions (Poyser, 1984b) that the guinea-pig conceptus secretes,

during early pregnancy, an antiluteolytic factor, which attenuates

endometrial PGF2a production by inhibiting the synthesis of protein

required for PGF2a synthesis.

Fractionation on Sephacryl S-200HR of BS-ve and BS+ve, [3H]-

leucine-incorporated, OVX:P4-regulated, OVX:Ej-regulated and

OVX: (P4+E2)-regulated protein samples, and BS-ve, [ 3H]-leucine-

incorporated, Pregnancy-associated endometrial proteins, revealed all

these samples to contain a 'void' component comprising of protein(s)

with molecular weight (s) of >250.0kDa, as was the case of BS—ve,

[3H]-leucine-incorporated, Day-7 and Day-15 endometrial proteins (see

section 3.1.2 under ''RESULTS' for Experiment 2) . Furthermore, whereas

the de novo synthesised fraction of this protein component was

approximately the same for all three BS+ve protein samples, the de

novo proportion of this component in BS-ve proteins was greatest in
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the case of OVX:E2-regulated proteins, followed by Pregnancy-

associated proteins, followed by OVX: (P4+E2) -regulated proteins, and

followed finally by OVX:P4-regulated endometrial proteins.

Considering that all proteins with molecular weights >250.0kDa in

Day-7 and Day-15 endometrial protein samples were glycosylated (see

section 3.1.2 under ^RESULTS' for Experiment 2), then it would be

plausible to suggest that this de novo synthesised component (MW >

250.0kDa) of the OVX:E2~regulated, BS-ve, [ 3H]-leucine-incorporated

protein sample is also glycosylated. Hence, it is possible that this

component is related to the oestrogen-dependent very high molecular

weight secretory protein (CUPED) found in cat uterine flushings

(Murray, Verhage, Buhi and Jaffe, 1985), since analytical studies on

CUPED revealed it to be a very large molecular weight glycoprotein.

Moreover, progesterone has been shown to inhibit the oestradiol-

induced synthesis of CUPED, which gives further support to the notion

that these two proteins are related since, as described above, the

proportion of void component (MW > 250.0kDa) proteins which were

synthesised de novo was lower in ovariectomised animals which had

been treated with progesterone and oestradiol compared to

ovariectomised animals which had received oestradiol only. The high

molecular weight (>250.0kDa), [3H]-leucine-incorporated protein(s)

which were synthesised and secreted in culture by Day-15 pregnant

endometrium may be similar to the high molecular weight

immunosupressive proteins synthesised and secreted by the endometrium

of several species during gestation, including the cow (Segerson and
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Bazer, 1989) and the ewe (Hansen et al., 1987) .

The most significant finding of these filtration studies was

that a major radioactive protein with a molecular weight in the range

99.8kDa to 114.0kDa was present only in the endometrial secretions of

ovariectomised animals which had been initially primed with

progesterone and subsequently treated with oestradiol. Since this

hormone regime mimics the hormonal fluctuations which take place in

the intact guinea-pig during its transition from Day 7 to Day 15 of

its oestrous cycle, it is highly probable that this protein is the

same as the freshly synthesised, partially glycosylated protein with

a molecular weight in the range 99.8kDa to 114.0kDa described

previously (see section 3.1.2 under 'RESULTS' for Experiment 2). The

output of this protein increased more than five-fold from Day 7 to

Day 15 of the cycle. In addition, pregnancy inhibited the output from

the endometrium of this freshly synthesised protein with a molecular

weight in the range 99.8kDa to 114.0kDa, since the amounts of this

protein synthesised by and secreted from Day-15 pregnant guinea-pig

endometrium in culture were low.

SDS-PAGE analysis of the OVX: (P4+E2)-regulated, BS-ve, [3H]-

leucine-incorporated proteins revealed this sample to contain the

greatest number of [3H ]-leucine-incorporated proteins as major

components. This finding appears to agree with observations made for

the ovariectomised rat (Lejeune, Lamy, Lecocq, Deschacht and Leroy,

1985) and ewe (Salamonsen, Sum, Doughton and Findlay, 1985) where it

was found that oestradiol stimulated the overall synthesis of
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proteins by the endometrium, and progesterone directed this

stimulation towards increased synthesis of secretory proteins.

Furthermore, as in the case of the de novo synthesised protein with a

molecular weight in the range 99.8kDa to 114.0kDa found in BS-ve,

[3H]-leucine-incorporated, Day-7 and Day-15 protein samples, the

major protein with a molecular weight in the range 99.8kDa to

114.0kDa present in the OVX: (P4+E2)-regulated, BS-ve, [ 3H]-leucine-

incorporated protein sample appears to be unstable to electrophoresis

in the presence of SDS since whereas no radioactive protein with a

molecular weight in the range 99.8kDa to 114.0kDa was represented in

the SDS-PAGE radioactivity profile determined for this protein

sample, radioactive peptides of less molecular weight were observed.

The treatment of progesterone-primed ovariectomised animals

with oestradiol appeared to increase the overall acidic character of

secreted proteins synthesised in culture by the endometrium of these

animals relative to proteins synthesised and secreted by endometrium

of ovariectomised animals treated with oestradiol or progesterone

only. This finding agrees well with observations made previously

(see section 3.1.2 under '"RESULTS' for Experiment 2) where the

general acidic character of secreted proteins synthesised in culture

by guinea-pig endometrium appeared to increase from Day 7 to Day 15

of the oestrous cycle.
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3 . 3 ANALYSIS OF PROTEINS RELEASED IN VITRO FROM THE

GUINEA-PIG CONCEPTUS REMOVED ON DAY 15 OF PREGNANCY

The lifespan of the corpus luteum, and hence oestrous cycle

length, in the non-pregnant guinea-pig is controlled by the

luteolytic hormone (PGF2a) released from the uterus (Horton and

Poyser, 1976; Poyser, 1981). In this species, oestradiol acting on a

progesterone-primed uterus stimulates relatively specific increases

in uterine PGF2a output and endometrial PGF2a synthesising capacity

(Blatchley and Poyser, 1974; Naylor and Poyser, 1975; Wlodawer et

al., 1976; Poyser, 1983a, b) . Oestradiol output from the ovary

increases after Day 10 of the cycle (Joshi et al., 1973), just before

the increase in uterine PGF2a output on Day 11. Consequently, in the

guinea-pig, as in all other mammalian species, the inhibition of this

cyclic luteolysis is compulsory for the successful establishment of

pregnancy. Moreover, in this species, continued production of ovarian

progesterone is essential for the maintenance of the conceptus for

the first 4-5 weeks of gestation (Heap and Deanesly, 1966; Csapo,

Puri and Tarro, 1981).

Following successful conception in the guinea-pig, the increase

in ovarian oestradiol and uterine PGF2a output after Day 10, as

measured in the utero-ovarian plasma, do not occur and plasma

progesterone levels remain high (Blatchley et al., 1975a, b; Antonini

et al., 1976). A possible explanation for this luteoprotective
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property of the conceptus in the guinea-pig has been proposed by

Poyser (1984b) who has suggested that the conceptus secretes an anti-

luteolytic factor which reduces endometrial PGF2a synthesis. It is

highly likely that this anti-luteolytic factor is proteinaceous in

nature, since studies carried out on the conceptuses of several other

species, most notably the sheep and the cow, have revealed them to

secrete, in each case, a trophoblastic protein which appears to play

a luteoprotective role in these animals by attenuating endometrial

PGF2a synthesis (Bazer, Vallet, Roberts, Sharp and Thatcher, 1986) .

The objective of the experiments carried out in this section

was, therefore, to investigate the profile of proteins released in

culture from the guinea-pig conceptus removed on Day 15 of gestation.

The rational behind these experiments was that, if conceptus proteins

mediate luteoprotection during this 'critical' phase of pregnancy,

then any putative luteoprotective protein is likely to be among the

major products released by the conceptus on this day (Day 15) of

pregnancy.

Conceptuses procured from five Day-15 pregnant guinea-pigs used

in the previous section (see section 3.2.1, Experiment 2) were

prepared for tissue culture by methods described previously (refer to

section 2.3.1.ii). In each case conceptuses were used to prepare

eight culture dishes each containing between 50-70mg of tissue. Each

dish also contained 10(lCi [3H]-leucine (2.5|lCi/ml) . Dishes were then
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placed in a Kilner jar which was gassed and incubated, as specified

in section 2.3.1.iii, for 24h. Culture dishes were then removed from

the jar and the culture medium was withdrawn. Medium from the dishes

was then pooled, dialysed and subsequently lyophilized by methods

described in section 2.3.1. v. Lyophilates of [ 3H]-leucine-

incorporated proteins secreted in cultures of conceptuses obtained

from each animal were then combined and desalted by procedures

described previously (section 2.3.1.v) to give a single pool of

purified [3H]-leucine-incorporated, conceptus secretory proteins

(CSP). The total amount of released proteins present in the desalted

solution (3.5ml) susequently obtained was then determined as follows:

0.1ml of the purified solution was made up to 1.0ml using distilled

water, and 0.1ml of this diluted solution was assayed by methods

described previously (see section 2.3.2.i). The remaining volume

(3.4ml) of the purified solution was then lyophilized, weighed and

stored at -20°C until required. Portions of lyophilized CSP were

subsequently analysed by gel filtration and ion exchange

chromatography, and by polyacrylamide gel electrophoresis. The

details of each of these procedures are given under the various

relevant headings below.

(i) Gel filtration chromatography

A portion (37mg) of this CSP sample was subjected to gel

filtration chromatography on Sephacryl S-300HR using methods

described previously in section 2.3.3.ii. Two forms of elution

profile were then generated, namely an ^AjgQnm' elution profile which
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was constructed by measuring the UV absorbance, at 280nm, of the

eluate passing through the monitor at the end of each fraction, and a

1 radioactivity' profile which was constructed by measuring the amount

of radioactivity present in aliquots (200|ll) removed from each

fraction. The latter procedure involved placing each aliquot into a

6ml miniature polyethylene scintillation vial followed by 6ml

scintillation fluid. Sample vials were then 'whirlimixed' before

being counted on a Packard™ liquid scintillation counter. In

addition four 'background counting' vials each containing 200(11

nonradioactive Filtration Buffer and 6ml scintillation fluid were

prepared and counted for lmin in the scintillation counter along with

the sample vials.

Absolute molecular weights corresponding to the various A2g0

peaks present in respective elution profiles thus generated for each

sample were then determined by applying peak Kgv values to the

standard protein calibration curve previously obtained for the

Sephacryl S-300HR column (see Figure 2.3.3.ii.c). In contrast,

molecular weights corresponding to peaks of radioactivity present in

respective elution profiles were given as weight ranges rather than

absolute molecular weights, with the weight range corresponding to

each peak given as the range of protein molecular weights contained

in the fraction containing the peak. Sample fractions containing

Ajgonm peaks which were catagorised as belonging to one of two

molecular weight ranges, namely a 'low molecular weight' range (LMWR)

and a 'high molecular weight' range (HMWR), were then collected
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together to give respective molecular weight range 'pools' of

protein. The molecular weights of proteins comprising each weight

range are given in the legend to the elution profile obtained for the

CSP sample following fractionation on Sephacryl S-300HR. Each pool

was then subjected to the same dialysis/desalting purification

procedure described previously for the procurement of proteins from

culture medium (see section 2.3.1.v), and the protein content of each

pool was determined by subjecting each of the desalted pools (3.5ml)

of molecular weight range proteins subsequently obtained to the

'protein assay' in the manner described in section 3.1.1 (Experiment

1) . The volumes remaining of desalted LMWR and HMWR protein pools

after the 'protein assay' were then lyophilized and weighed, and then

stored at -20°C until required. Lyophilized, LMWR and HMWR, conceptus

secretory proteins subsequently obtained were then subjected to

fractionation on Sephadex G-75SF and Sephacryl S-200HR columns,

repectively, by methods described previously (see section 2.3.3.11).

The amounts of each weight range sample applied onto these columns is

given in the legends to the respective elution profiles subsequently

determined for these samples using procedures described above for

unfractionated conceptus secretory proteins separated on Sephacryl S-

300HR.

diij Ion exchange chromatography

A portion (2mg) of the CSP sample was also subjected to anion

exchange chromatography on a column containing DEAE-Sepharose CL-6B

by methods described previously (section 2.3.3.iii). Eluted fractions

were then collected and elution profiles
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(A280nm anc* radioactivity) were generated using the same procedures

previously described above in part (i) of this experiment (gel

filtration chromatography).

(iii) SDS - PAGE

Finally, a portion of the CSP sample was analysed using one-

dimensional SDS—PAGE using procedures described previously in section

2.3.3.iv. Proteins (unknown and standard) were run on homogeneous

polyacrylamide (12%) gels which were subsequently developed using

Coomassie Blue staining (see section 2.3.3.iv.b under 'Fixing and

staining of gel'). Molecular weights corresponding to the various

protein bands of the different electrophoresed samples were then

determined using respective band R{ values as described previously

(section 2.3.3.iv.b under 'Molecular weight determination').

Radioactivity profiles were then constructed for each electrophoresed

sample using a gel slicing technique modified from that adopted by

Basha et al. (1979). This procedure involved slicing each sample run

into uniform sections of approximately 1.5 - 1.6mm. The amount of

radioactivity present in each section was then determined by placing

each section into a 6ml 'miniature polyethylene scintillation vial'

followed by 0.3ml H202 (30% v/v) . The vials were then incubated at

70°C for 24h in a hot-water bath, and subsequently filled with 6ml

scintillation fluid, 'whir1imixed' and counted in a Packard™

scintillation counter for lmin. In addition four 'background

counting' vials each containing a 'clear' gel slice (i.e. a slice

taken from a part of the gel not involved in sample separation)
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dissolved in 0.3ml H202 (30% v/v) in the same manner described for

sample gel slices, and 6ml scintillation fluid, were prepared and

counted for lmin in the scintillation counter along with the sample

vials. The distance to the midpoints of sections containing peaks of

radioactivity were then used to determine section Rf values. These

values were compared to the appropriate calibration curve obtained

for standard proteins run on the same gel to determine corresponding

peak molecular weights (see section 2.3.3.iv.b under 'Molecular

weight determination' ) .

Presentation of results and calculations

The criterion used to establish the presence of A280nm and

radioactivity peaks present in profiles obtained for conceptus

secretory proteins following separation by gel filtration and ion

exchange chromatography was one whereby a new peak was said to exist

whenever the relevant elution curve passed through a 'minimum'. This

was defined as any point on the elution curve which possessed a value

smaller than that determined for the point before or after it. Peak

size was defined as the area under the relevent peak of the elution

curve concerned.

In all cases of radioactivity profiles, measurements of

radioactivity (dpm) in each gel section (in the case of SDS-PAGE) or

fraction aliquot (in the case of liquid chromatography) were

expressed as % of total dpm recovered. The units used to represent

approximate peak size in the case of the radioactivity profile and

A28onm obtained for the proteins following separation by gel
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filtration and ion exchange chromatography were % of total dpm

recovered x volume (ml) in which peak occurred (% -ml) and total

Absorbance x volume (ml) in which peak occurred [(A-ml)],

respectively.

(i) Gel filtration chromatography

Elution profiles obtained for CSP, following fractionation on

Sephacryl S-300HR, are shown in Figure 3.3.1.a. The A280nm profile

revealed these proteins to consist of three main components. These

included a protein with a molecular weight of 28.8kDa which was

represented by an A280nm peak with a size of 8.1 (A-ml), a 66.4kDa

component which was represented by an A280nm peak with a size of

14.3(A-ml), and finally, a component consisting of protein(s) with

molecular weight(s) >106kDa. The A280nm peak representing the first of

these components coincided with a relatively major peak of

radioactivity, with a size of 10.8(%-ml), which represented a protein

with a molecular weight in the range 28.8 to 30.0kDa. A major peak of

radioactivity, which represented a protein with a molecular weight in

the range 98.2 to 103.5kDa and which was 8.3(%-ml) in size, was also

obtained. Although this peak of radioactivity did not coincide with

an A280nm peak, the protein component represented by this peak of

radioactivity did appear, to a very limited extent, to absorb U.V.

light at 280nm, since not only did this peak of radioactivity occur

on the ascending portion of the A280nm peak representing the 66.4kDa
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Figure 3.3.i.a

Elution profile obtained for [ 3H]-leucine-incorporated proteins
synthesised and secreted in culture by guinea-pig conceptuses
removed on Day 15 of pregnancy, following gel filtration
chromatography on Sephacryl S-300HR. The figures in brackets
represent molecular weight ranges corresponding to peaks of
radioactivity. A280nm; U.V. absorbance at 280nm. Sample fractions
containing A28onm peaks which were catagorised as belonging to one of
two molecular weight ranges, namely a 'low molecular weight' range
(LMWR) which was comprised of proteins < 44.6kDa, and a 'high
molecular weight' range (HMWR) which was comprised of proteins in
the range 44.6 to 120.2kDa were then collected together to give
respective molecular weight range 'pools' of protein. LMWR and HMWR
protein pools were then subjected to the same dialysis/desalting
purification procedure, described previously for the procurement of
proteins from culture medium (see section 2.3.1.v), in preparation
for further resolution on Sephadex G-75SF and Sephacryl S-200HR gel
filtration columns, respectively.



component, but also this portion of the A280nm peak appeared to

^bulge' slightly upon coinciding with this peak of radioactivity. In

addition, the A280nm Peak representing the 66.4kDa component

coincided with an elevated region of radioactivity which was

sustained from Fractions 53-60. This region of radioactivity

represented protein(s) with molecular weight(s) in the range 54.2 to

89.3kDa. Peaks of radioactivity were also obtained which represented

proteins with molecular weights in the ranges 20.3 to 21.3kDa, 51.8

to 54.2kDa, 252.3 to 264.2kDa and 673.0kDa to 706.3kDa and which

were, respectively, 3.2(%-ml), 4.5(%-ml) 16.5(%-ml) and 19.5(%-ml) in

size .

The A280nm and radioactivity elution profiles obtained

following the fractionation of HMWR, conceptus secretory proteins (MW

range 44.6 to 120.2kDa) on Sephacryl S-200HR are shown in Figure

3.3.i.b. The A280nm profile obtained, revealed these proteins to be

composed of two components. The first of these consisted of a 87.9kDa

component which was represented by an A280nm Pea^ with a size of

5.2(A-ml) . The other component, which consisted of protein (s) with

molecular weight (s) >250.0kDa, was the larger of the two, with an

A28onm Pea^ size of 6.4(A-ml) . The A280nm peak representing this

latter component coincided with a minor peak of radioactivity with a

size of 16.6(%-ml) which represented protein (s) with molecular

weight(s) in the same molecular weight range (>250.0kDa). The former

(87.9kDa) protein component may be the same as that depicted by the

major A280nm peak representing a component with a molecular weight of
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Figure 3.3.i.b

Elution profile obtained for [3H]-leucine-incorporated, HMWR proteins

(MW in the range 44.6 to 120.2kDa) synthesised and secreted in
culture by guinea-pig conceptuses removed on Day 15 of pregnancy,

following gel filtration chromatography on Sephacryl S-200HR. The
total amount of protein placed onto the column was approximately

9mg. A2g0nm - U.V. absorbance at 280nm.



66.4kDa, seen in the U.V. elution profile obtained following

separation of unfractionated CSP on Sephacryl S-300HR (see Figure

3.3.i.a), since as in the case of the 66.4kDa component, this A280nm

peak also coincided with an elevated region of radioactivity, which

was sustained from Fractions 15-16. This region of radioactivity,

which represented protein(s) with molecular weight(s) in the range

7 6.9 to 87.9kDa, may depict the same component represented by the

elevated region of radioactivity which was sustained from Fractions

53-60 (component with a molecular weight in the range 54.2 to

89.3kDa) in the radioactivity profile obtained for unfractionated CSP

following separation on Sephacryl S-300HR (see Figure 3.3.i.a).

Furthermore, the radioactivity profile obtained following the

separation of HMWR, conceptus secretory proteins on Sephacryl S-200HR

revealed an elevated region of radioactivity which was sustained from

Fractions 17-18. This region of radioactivity, which represented a

protein component with a molecular weight in the range 59.2 to

67.8kD, may represent the same protein depicted by the peak of

radioactivity representing a component, with a molecular weight in

the range 51.8 to 54.2kDa, present in the radioactivity profile

obtained for unfractionated CSP following separation on Sephacryl S-

300HR (see Figure 3.3.i.a) . In addition, the radioactivity profile

obtained following the fractionation of HMWR, conceptus secretory

proteins on Sephacryl S-200HR revealed the presence of a very major

peak of radioactivity which represented a protein with a molecular

weight in the range 99.8 to 114.3kDa, and which with a size of
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57.0(%-ml) comprised the greatest proportion of all newly sythesised

proteins present. This peak of radioactivity may represent the same

protein as that depicted by the major peak of radioactivity

representing a protein with a molecular weight in the range 98.2 to

103.5kDa seen in the profile obtained for unfractionated CSP

following separation on Sephacryl S-300HR (Figure 3.3.i.a), since as

in the case of the radiolabelled protein with a molecular weight in

the range 98.2 to 103.5kDa, which occurred on the ascending portion

of the A2 80nm peak representing the 66.4kDa component, this

radioactive protein with a molecular weight in the range 99.8 to

114.3kDa also occured on the ascending portion of the A280nm peak

representing the 87.9kDa component. Smaller peaks of radioactivity

which represented proteins with molecular weights in the ranges 12.4

to 14.lkDa, 16.1 to 18.3kDa, 35.1 to 40.2kDa and 218.8 to 250.0kDa,

and which were 19.3(%-ml), 8.4(%-ml), 32.2(%-ml) and 9.0{%-ml) in

size respectively, were also obtained.

The A280nm an<3 radioactivity elution profiles obtained

following the fractionation of LMWR, conceptus secretory proteins (MW

range < 44.6kDa) on Sephadex G-75SF are shown in Figure 3.3.i.e. The

A280nm profile revealed these proteins to be predominantly comprised

of protein (s) with molecular weight(s) >72.6kDa. Two minor A280nm

peaks, which corresponded to molecular weighs of 37.2kDa and 48.6kDa

and which were 7.1(A-ml) and 1.4(A-ml) in size respectively, were

also obtained. The latter of these peaks coincided with a minor peak

of radioactivity, with a size of 10.2(%-ml), which represented a
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protein with a molecular weight in the range 48.6 to 52.0kDa. Major

peaks of radioactivity, which represented proteins with molecular

weights in the ranges 8.6 to 9.2kDa, 14.7 to 15.7kDa and 67.9 to

72.6kDa, and which were 49.1(%-ml), 19.3(%-ml) and 51.8(%-ml) in

size, respectively, were also obtained. In addition, minor peaks of

radioactivity were obtained which represented proteins with molecular

weights in the ranges 10.5 to 11.2kDa, 17.9 to 19.1kDa, 23.3 to

24.9kDa, 30.5 to 32. 6kDa and 42.6 to 45.5kDa, and which were

5.3(%-ml), 5.4(%-ml), 12.0(%-ml), 17.7(%-ml) and 13.5(%-ml) in size,

respectively.

J.iiJ Ion exchange chromatography

The A280nm and radioactivity elution profiles determined for

CSP following anion exchange chromatography on DEAE-Sepharose CL-6B

are shown in Figure 3.3.ii. Very little radioactivity, and absorbance

at 280nm were detected when the column was eluted with NaCl-free

elution buffer. However, further elution of the column with buffer

containing increasing concentrations of NaCl revealed these proteins

to be comprised of four major components. These included (i) a

component, represented by an A280nm peak with a size of 0.15 (A-ml),

which eluted during the transition from the second elution step (0.1M

NaCl) to the third (0.2m NaCl), (ii) a component represented by an

A280nm Pea^ which eluted during the transition from the third elution

step (0.2M NaCl) to the fourth (0.3M NaCl), and which with a size of

0.47(A-ml) was the largest of the four components, (iii) a component

represented by an A280nm peak with a size of 0.16(A-ml), which eluted
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Figure 3.3.ii

Anion exchange elution profiles obtained for [ 3H]-leucine-

incorporated proteins synthesised and secreted in culture by guinea-

pig conceptuses removed on Day 15 of pregnancy, following

chromatography on DEAE-Sepharose CL-6B using step-wise elution.
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during the transition from the fourth elution step (0.3M NaCl) to the

fifth (0.4M NaCl), and finally (iv) a component represented by an

A280nin peak with a size of 0.12 (A-ml), which eluted during the

transition from the fifth elution step (0.4M NaCl) to the sixth (0.5M

NaCl) . Proteins comprising components (ii) and (iv) have most

probably been synthesised de novo, since in both cases A280nm peaks

representing these components coincided with peaks of radioactivity

which were 28.2(%-ml) and 15.3(%-ml) in size, respectively. A major

peak of radioactivity with a size of 46.4(%-ml) was also seen during

the third elution step (0.2M NaCl)

(iii) SDS - PAGE

The array of bands obtained following the Coomassie Blue

staining of the gel used to resolve by one-dimensional SDS-PAGE,

[3H]-leucine-incorporated proteins synthesised and secreted in

culture by guinea-pig conceptuses removed on Day 15 of pregnancy are

shown in Figure 3.3. iii.a. This Figure also illustrates the molecular

weights and positions along the run of component proteins represented

by peaks of radioactivity (henceforth referred to as 'points of

radioactivity') present in the radioactivity profile determined for

these proteins, which is shown in Figure 3.3.iii.b.

Points of radioactivity corresponding to molecular weights of

119.9kDa, 94.6kDa, 75.5kDa, 54.7kDa, 45.3kDa, 42.0kDa, 27.4kDa,

17.2kDa and 15.5kDa coincided with bands in the band profile obtained

for these proteins (see Figure 3.3.iii.a), and the band coinciding

with the point of radioactivity corresponding to a molecular weight
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One-dimensional SDS-PAGE analysis of [ 3H]-leucine-incorporated
proteins synthesised and secreted in culture by the guinea-pig
conceptus removed on Day 15 of pregnancy (SCP). Proteins were run on
a 12% homogeneous polyacrylamide gel for 12h at a constant current of
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weights (kDa) and positions along run of proteins represented by
peaks of radioactivity in the profile determined for the sample
(Figure 3.3.iii.b) following slicing and counting of the gel run.
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Radioactivity profile determined for secreted, BS-ve, [ 3H]-leucine-

incorporated proteins synthesised in culture by the guinea-pig conceptus

removed on Day 15 of pregnancy, following seperation by SDS-PAGE (see

Figure 3.3.iii.a). The gel run was sliced and gel sections were counted to

determine the amount of radioactivity (dpm) present in each section [see

part (iii) of the ''Methods' section of this Experiment] . The various

figures in the profile indicate the molecular weights (kDa) of proteins

represented by the different peaks of radioactivity.



of 15.5kDa was the second largest in intensity of all bands obtained.

The band which appeared to possess the largest intensity, represented

a non-radioactive protein with a molecular weight of approximately

67.0kDa. The radioactivity profile obtained following sectioning of

this gel run (Figure 3.3.iii.b) revealed three major peaks with

corresponding molecular weights of 18.3kDa, 22.6kDa and 27.4kDa,

which respectively comprised 36.1%, 16.8% and 6.9% of the total

radioactivity recovered. The highly distinct and amplified nature of

these peaks relative to the other peaks present in this profile

indicates an increased incorporation of [3H]-leucine into specific

proteins.

Gross separation of CSP on Sephacryl S-300HR (Figure 3.3.1.a)

showed these proteins to be comprised of: (i) a very high molecular

weight component consisting of protein(s) with molecular weight(s)

>106Da, (ii) a major de novo synthesised component with a molecular

weight in the range 98.2 to 103.5kDa which absorbed U.V. light (at

280nm) to a limited degree, (iii) a de novo synthesised component

comprised of protein(s) with molecular weight (s) in the range 54.2 to

89.3kDa which appeared to absorbed U.V. light (at 280nm), (iv) a de

novo synthesised component with a molecular weight in the range 51.8

to 54.2kDa which absorbed U.V. light (at 280nm) to a limited degree

(v) a U.V.-absorbing (at 280nm), freshly synthesised component with a

molecular weight in the range 28.8 to 30.0kDa, and a component with a
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molecular weight in the range 20.3 to 21.3kDa which was synthesised

de novo and absorbed U.V. light (at 280nm) to a limited degree, and

(vi) two de novo synthesised, very high molecular weight components

with molecular weights in the ranges 252.3 to 264.2kDa and 673.0 to

706.3kDa, respectively. Further resolution of components (ii-iv),

together with other HMWR, conceptus secretory proteins, on Sephacryl

S-200HR (Figure 3.3.i.b), revealed the possible molecular weights of

protein component (ii) as being in the range 99.8 to 114.3kDa,

protein component (iii) as being in the range 76.9 to 87.9kDa, and

protein component (iv) as being in the range 59.2 to 67.8kDa.

Therefore, it is apparent the the major A280nm peak representing a

component with a molecular weight of 66.4kDa, obtained following

separation of CSP on Sephacryl S-300HR (Figure 3.3.i.a), and the

major A280nm peak representing a component with a molecular weight of

87.9kDa, obtained following separation of HMWR proteins on Sephacryl

S-200HR (Figure 3.3.i.b), appeared to be 'composite' in character

i.e. in both cases the A280nm peak appeared to be a product of more

than one protein component. Thus, the major A280nm peak representing

a component with a molecular weight of 66.4kDa obtained following

separation of CSP on Sephacryl S-300HR (Figure 3.3.i.a) in reality

may be the product of the absorbance from a group of proteins with

molecular weights ranging from 38.5 to 452.9kDa. Similarly, the major

A28onm peak representing a component with a molecular weight of

87.9kDa obtained following separation of CSP on Sephacryl S-200HR

(Figure 3.3.i.b) in reality may be the product of the absorbance from
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a group of proteins with molecular weights <148.3kDa. The elution

profile obtained following the further separation of LMWR, conceptus

secretory proteins, which contained the two proteins comprising

component (v) as constituents, on Sephadex G-75SF did not indicate

the presence of these proteins (see Figure 3.3.i.c). This may have

possibly been due to breakdown of these proteins during the

procedures used to process LMWR, conceptus secretory proteins

(dialysis, desalting, etc.) prior to their application to the

Sephadex G-75SF column. This suggestion is supported by the finding

that two major peaks of radioactivity representing polypeptides with

molecular weights in the ranges 14.7 to 15.6kDa and 8.6 to 9.2kDa,

respectively, were present in the radioactivity profile obtained for

these proteins following their fractionation on Sephadex G-75SF,

which may constitute the breakdown products of the U.V.-absorbing (at

280nm), freshly synthesised component with a molecular weight in the

range 28.8 to 30.0kDa seen in the elution profile obtained for

unfractionated CSP following separation on Sephacryl S-300HR (Figure

3.3.i.a) . Furthermore, the fact that LMWR, conceptus secretory

proteins appeared to be predominantly comprised of protein (s) with

molecular weight(s) >72.6kDa, despite the fact that the molecular

weight range of proteins applied onto the column was <44.6kDa,

indicates poor resolution between components following initial

separation of unfractionated CSP on Sephacryl S-300HR.

Anion exchange chromatography of unfractionated CSP (Figure

3.3.ii) revealed these proteins to be predominantly acidic since very

little radioactivity and absorbance at 280nm were detected when the
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column was eluted with NaCl-free elution buffer. Analysis of CSP by

SDS-PAGE (see Figure 3.3.iii.a) revealed a substantial proportion of

these proteins to be comprised of a non-radioactive protein with a

molecular weight similar to that of serum albumin (MW ~ 67kDa) . This

finding suggests that albumin may have been a non-radioactive

constituent of and a contributor to the major A280nm peak which

appeared to be the product of the absorbance from a group of proteins

with molecular weights ranging from 38.5 to 452.9kDa, obtained

following separation of CSP on Sephacryl S-300HR (Figure 3.3.i.a),

and the major A280nm peak which appeared to be the product of the

absorbance from a group of proteins with molecular weights <148.3kDa,

obtained following separation of HMWR proteins on Sephacryl S-200HR

(Figure 3.3.i.b). The radioactivity profile determined for CSP

following sectioning and counting of the gel run (Figure 3.3.iii.b)

indicated a specific 'channelling' of [3H]-leucine into three major

components with molecular weights of 18.3kDa, 22.6kDa and 27.4kDa,

which, respectively, comprised 36.1%, 16.8% and 6.9% of the total

radioactivity recovered. These three components most probably form

part of the breakdown contituents of a primary protein which is

unstable to this form of analysis since, if this were not the case,

then major peaks of radioactivity representing the very high

molecular weight protein components with molecular weights >250kDa

seen in the elution profile obtained for unfractionated CSP following

separation on Sephacryl S-300HR (see Figure 3.3.1.a) would have most

probably been observed as very major peaks in the radioactivity
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profile obtained for these proteins (Figure 3.3.iii.b) at the point

of entry of these proteins into the gel. Such a suggestion is also

supported by the finding that the major de novo synthesised protein

component with a molecular weight in the range 98.2 to 103.5kDa,

observed following the separation of conceptus secretory proteins on

Sephacryl S-300HR (Figure 3.3.i.a), was not represented in this SDS-

PAGE radioactivity profile, whereas radioactive proteins of lesser

molecular weight were represented (Figure 3.3.iii.b). Nevertheless,

peaks of radioactivity corresponding to molecular weights of 54.7kDa

and 75.5kDa were present in the radioactivity profile obtained for

CSP (Figure 3.3.iii.b), which may represent constituent proteins of

the de novo synthesised component comprised of protein (s) with

molecular weight(s) in the range 54.2 to 89.3kDa seen in the elution

profile obtained for CSP following gel filtration on Sephacryl S-

300HR (Figure 3.3.i.a).

This study has demonstrated the ability of conceptuses removed

from pregnant guinea-pigs on Day 15 of gestation to synthesise and

secrete proteins in culture. Furthermore, proteins were found in the

media used to culture these conceptuses, which were not freshly

synthesised. This latter category of proteins may have originated

from two possible sources, namely proteins passively released during

culture, which may have been synthesised by the conceptus prior to

excision and/or proteins which may have leached from the cultured
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tissues but which were not synthesised by them. This postulate is

based upon the fact that, in both the elution profile obtained for

unfractionated CSP following gel filtration on Sephacryl S-300HR

(Figure 3.3.1.a) and the SDS-PAGE band profile (Figure 3.3.iii.a)

obtained for these proteins, a component was present which apparently

contained a non-radioactive protein with chromatographic and

electrophoretic properties similar to those of serum albumin (MW ~

67kDa). That this component contains albumin, is not unlikely since

in this species the trophoblast has, by Day 15 of pregnancy, already

come into contact with the maternal circulation (Roberts and Bazer,

1988) . Thus, this protein may represent maternal serum albumin. In

addition, the yolk sac has been implicated in the production of

foetal plasma proteins in several species (Gitlin and Gitlin, 1975)

including the pig and the sheep (Godkin, Bazer and Roberts, 1985) . It

is possible that the yolk sac of the guinea pig conceptus also

produces plasma proteins, and therefore, the radioactive band

corresponding to a molecular weight of 54.7kDa observed in the SDS-

PAGE profile obtained for unfractionated CSP (see Figure 3.3.iii.a),

may represent the protein pre-albumin which has a molecular weight of

approximately 55kDa. Likewise, the radioactive band corresponding to

a molecular weight of 75.5kDa may represent the protein transferrin,

which has a molecular weight of 76.5kDa.

As in the case of proteins secreted in vitro by ovine and

bovine conceptuses (Masters, Roberts, Lewis, Thatcher, Bazer and

Godkin, 1982), nearly all proteins secreted in culture by the guinea-
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pig conceptus were acidic (see Figure 3.3.ii). Furthermore, the major

de novo synthesised protein with a molecular weight in the range

673.0 to 706.3kDa observed in the elution profile obtained for

unfractionated CSP following separation Sephacryl S-300HR (Figure

3.3.1.a), may be related to the acidic, high molecular weight

glycoprotein with a molecular weight of 735 ± 22kDa which has been

shown to be secreted from the bovine conceptus (Bartol et al., 1985a)

and/or the acidic high molecular weight glycoprotein with a molecular

weight of just over 660kDa which has been shown to be secreted from

the ovine conceptus (Masters et al., 1982), during early pregnancy.

This high molecular weight protein, found in secretions of guinea-pig

conceptus, may also be related to an acidic glycoprotein with a

molecular weight >660kDa which has been shown to be secreted from

porcine conceptuses (Godkin, Bazer, Lewis, Geisert and Roberts,

1982a) . The function of these different acidic, high molecular weight

glycoproteins is not known. However, Masters et al . (1982) have

suggested that these proteins may be involved in providing a

protease-resistant or immunologically tolerant coating over the

blastocyst surface as it expands.

The elution profile obtained for unfractionated CSP following

separation Sephacryl S-300HR (Figure 3.3.i.a) also revealed two

freshly synthesised protein components whose respective molecular

weights lay in the ranges 20.3 to 21.3kDa and 28.8 to 30.0kDa. These

components may, respectively, represent the a and p subunits of a

human chorionic gonadotrophic (hCG)-like protein which has previously

been shown by Humphreys, Hobson and Wide (1982), using placental
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extracts, to be present in the guinea-pig placenta from at least Day

10 of pregnancy. This suggestion is based upon the fact that, in

addition to this hCG-like protein, these workers were able to isolate

two further proteins from these extracts whose biological activities

and molecular weights were similar to those of hCG-a (MW ~ 18kDa)

and hCG-P (MW ~ 28kDa).

Alternatively, the radiolabelled protein with a molecular

weight in the range 28.8 to 30.0kDa, observed in the elution profile

obtained for unfractionated CSP following separation Sephacryl S-

300HR (Figure 3.3.i.a), may be related to a major group of low

molecular weight (22-26kDa), acidic polypeptides which have been

shown to be synthesised and secreted in culture by bovine conceptuses

between Days 16 and 24 of gestation (Bartol et al . , 1985a) . This

radiolabelled protein may also be related to the major group of low

molecular weight (MW ~ 21kDa), acidic polypeptides which have been

shown to be synthesised and secreted in culture by ovine conceptuses

between Days 13 and 21 of pregnancy (Godkin et al., 1982b), as well

as the major group of low molecular weight (20-25kDa), acidic

polypeptides which have been shown to be synthesised and secreted in

culture by porcine conceptuses between Days 10.5 and 16 of gestation

(Godkin et al ., 1982a) . The temporal pattern of appearance and the

transient nature of production of these various groups of low

molecular, acidic polypeptides in these initial studies, suggested

important functional roles for these proteins in the establishment of

pregnancy. Indeed, further analysis of these low molecular weight,
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acidic polypeptides secreted from the ovine conceptus, by Godkin et

al. (1984), who named these polypeptides ovine trophoblast protein-1

(oTP-1), revealed them to be responsible for luteal maintenance. This

antiluteolytic effect of oTP-1 was later shown to be due to its

ability to inhibit uterine PGF2a synthesis (Fincher, Bazer, Hansen,

Thatcher and Roberts, 1986). Similarly, further analysis of the low

molecular weight, acidic polypeptides which were secreted from the

bovine conceptus (mentioned above), by Helmer et al. (1989a), who

named these proteins bovine trophoblast protein-1 (bTP-1), revealed

them to be also responsible for luteal maintenance, again apparently

through the inhibition of endometrial PGF2a synthesis.

Recently, in an effort to determine whether or not the

antiluteolytic factor which is secreted by the guinea-pig conceptus

(Poyser, 1984b) is related to oTP-1, Leckie and Poyser (1990a)

investigated the effect of a-interferon on prostaglandin synthesis

by the guinea-pig endometrium, since not only has oTP-1 been shown to

have close homology with the a-interferons (Charpigny, Reinaud,

Huet, Guillomot, Charlier, Pernollet and Martal, 1988; Stewart,

McCann, Northrop, Lamming and Flint, 1989), but also, human a-

interferon has been shown to inhibit PGF2a and PGE2 synthesis by sheep

endometrial cells in culture (Salamonsen, Stuchbery, O'Grady, Godkin

and Findlay, 1988) . The results of this study (Leckie and Poyser,

1990a) led these workers to conclude that the antiluteolytic factor

which is secreted by the guinea-pig conceptus is probably not related

to a-interferon and oTP-1 since a-interferon did not inhibit
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PGF2a production by Day-15 guinea-pig endometrium in culture. This

conclusion is indirectly supported by a recent study which

investigated the possible mechanism by which oTP-1 reduces PGF2a

secretion from the sheep endometrium (Mirando, Ott, Harney and Bazer,

1990). The results of this study appeared to indicate that during the

maternal recognition of pregnancy, oTP-1 prevents luteolysis by

inhibiting the development of endometrial responsiveness to the

hormone responsible for controlling the output of endometrial PGF2a

in this species, namely oxytocin. Hence, as oxytocin is apparently

not involved in controlling the output of PGF2(X from the guinea-pig

endometrium (Poyser and Brydon, 1983; Riley and Poyser, 1987b), then

it is unlikely, as demonstrated by the inability of Leckie and Poyser

(1990a) to inhibit endometrial PGF2a synthesis using a-interferon,

that the antiluteolytic factor secreted by the conceptus of this

species is related to oTP-1.

It is conceivable that the major freshly synthesised protein

component with a molecular weight in the range 98.2 to 103.5kDa,

observed in the elution profile obtained for unfractionated CSP

following separation Sephacryl S-300HR (Figure 3.3.i.a), whose

molecular weight following further resolution on Sephacryl S-200HR

(see Figure 3.3.i.b) was determined as being in the range 99.8 to

114.8kDa, may be involved in the process leading to the maternal

recognition of pregnancy, since this component comprises the largest

proportion of all proteins present. Thus, it would be interesting to

275



analyse the temporal pattern of appearance of this component, since

should this protein prove to be the antiluteolytic factor which is

secreted by the guinea-pig conceptus (Poyser, 1984b), then its levels

would be expected to increase around Day 10 of pregnancy in order to

prevent the rise in uterine PGF2a output which would normally take

place on Day 11 of the cycle, if the animal was not pregnant

(Blatchley et al., 1972; Earthy et al., 1975) . As described earlier

(see introduction), ovarian progesterone is necessary for the

maintenance of pregnancy in this species for the first 30 to 35 days

of gestation. However, it is probable that this antiluteolytic factor

is secreted from the conceptus only up to Days 22-24 of gestation,

since PGF2(X output from the utero/conceptual unit has been shown to

increase from Day 25 of pregnancy in this species (Granstrom and

Kindahl, 1976). Therefore, some other mechanism must be involved in

maintaining a high circulating progesterone concentration from Day 25

of gestation in the guinea-pig.

The mechanism by which this antiluteolytic factor, which is

secreted by the guinea-pig conceptus (Poyser, 1984b), reduces uterine

PGF2a production is not completely clear. Previous studies have

indicated that the guinea-pig conceptus prevents increased uterine

PGF2a P roduction, in part, by preventing increased oestradiol

secretion (Blatchley et al . , 1975a, b) . However, Poyser (1984b)

showed that the administration of oestradiol to pregnant guinea-pigs

from Days 10 to 14 of pregnancy, in doses sufficient to cause
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luteolysis, had no effect on plasma progesterone concentrations in

the majority of guinea-pigs treated. From these results, it was

concluded that the most probable means by which this antiluteolytic

factor reduces uterine PGF2a production is by inhibiting the

synthesis of a Calcium-mobilising' protein which has been suggested

by this worker (Poyser, 1984b) as being responsible for stimulating

endometrial PGF2a synthesis in this species in response to oestradiol

acting on a progesterone-primed uterus. The reduction in the

production of proteins synthesised and secreted in culture by

endometrium obtained from Day-15 pregnant guinea-pigs (see section

3.2) tends to support this suggestion since it shows that the

presence of the conceptus reduces endometrial protein synthesis.
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The studies presented in this thesis have demonstrated the

presence of proteins in medium used to culture guinea-pig endometrium

and conceptuses. Proteins procured from medium used to culture

endometrium obtained from guinea-pigs on Days 7 and 15 of the

oestrous cycle, from ovariectomised guinea-pigs treated with

progesterone and/or oestradiol, and from Day-15 pregnant guinea-pigs

have been quantitatively and qualitatively examined in relation to

the production and output of prostaglandin F2a by the endometrium of

these animals. Medium used to culture conceptuses removed from

guinea-pigs on Day 15 of gestation have also been qualitatively

assessed. Both of these categories of protein (i.e. endometrial and

conceptus) are reviewed in turn below.

ENDOMETRIAL PROTEINS

Proteins harvested from cultures of endometrium have been

classified according to their affinity for the affinity

chromatography gel resin Blue Sepharose CL-6B [i.e. into proteins

which have affinity for Blue Sepharose CL-6B (BS+ve proteins) and

protein which are devoid of affinity for Blue Sepharose CL-6B (BS-ve

proteins)] . Both BS-ve and BS+ve proteins appear to fall into two

categories: a) proteins which were synthesised and secreted during

culture, and b) proteins which were released from but were not

synthesised by the endometrium during culture.
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Quantitative analysis in the form of protein turnover (PT)

studies indicated that, in the guinea-pig, whilst the overall amount

of protein present in uterine secretions does not change from Day 7

to Day 15 of the cycle, the character of proteins which enter the

uterine lumen over the same period appear to undergo a shift from

BS+ve to BS-ve proteins. Studies using ovariectomised animals treated

with progesterone and/or oestradiol demonstrated that oestradiol, and

not progesterone, is the hormone responsible for stimulating the

total amount of protein in uterine secretions. Furthermore,

oestradiol seemed to have a controlling influence on the character of

proteins which enter the uterine lumen. Hence, increased oestradiol

output from the ovaries on Day 10 of the cycle may, in part, account

for the character shift (i.e. from BS+ve to BS-ve proteins) observed

in proteins released from the guinea-pig endometrium during the

transition from Day 7 to Day 15 of the cycle.

Incorporation studies using radiolabelled leucine confirmed

previous suggestions (Riley and Poyser, 1989) that the increase in

PGF2a output from the guinea-pig endometrium from Day 7 to Day 15 of

the cycle occurs concomitantly with an increase in the secretion of

proteins synthesised de novo over the same period. Furthermore, the

pattern of secretion of freshly synthesised proteins in culture from

the endometrium of ovariectomised guinea-pigs, which had been treated

with progesterone and/or oestradiol, was the same as the pattern

determined for the release of PGF2a from the endometrium of

ovariectomised animals which had been subjected to the same hormone
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treatment (Blatchley and Poyser, 1974; Poyser 1983b) since, as in the

case of endometrial PGF2a output, the secretion of proteins

synthesised de novo was low in ovariectomised guinea-pigs treated

with progesterone, higher in ovariectomised guinea-pigs treated with

oestradiol, and at a maximum in animals which were first primed with

progesterone and then treated with oestradiol. The finding that the

synthesis and secretion of proteins in culture by the endometrium of

ovariectomised guinea-pigs which had received oestradiol alone was

high agrees with observations made by other workers investigating the

effect of this hormone on endometrial protein synthesis and secretion

in other species, including the rat (Lejeune et al., 1985) and the

ewe (Findlay, Ackland, Burton, Davis, Maule Walker, Walters and Heap,

1981; Miller and Moore, 1983). However, the amount of protein

synthesised and secreted by the endometrium of ovariectomised animals

treated with oestradiol was lower than the amount of protein

synthesised and secreted by the endometrium of ovariectomised guinea-

pigs which had initially received progesterone and were subsequently

treated with oestradiol. This finding immediately raises the

question: how does progesterone facilitate this stimulatory effect of

oestradiol on endometrial protein synthesis and secretion?

It is possible that progesterone aids the secretion of

protein (s) whose synthesis is stimulated by oestradiol. This is

because, whilst prominent peaks were present in the SDS-PAGE profile

obtained for OVX: E2-regulated, BS-ve, [ 3H]-leucine-incorporated

proteins, similar analysis of OVX: (P4+E2)-regulated, BS-ve, [3H] —
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leucine-incorporated proteins revealed them to contain the greatest

number of [ 3H]-leucine-incorporated proteins as major components. In

general, these findings appear to agree with observations made for

the sheep where it has been suggested that oestradiol and

progesterone act synergistically, with oestradiol stimulating the

overall synthesis of protein, and progesterone directing this toward

increased synthesis of secretory proteins (Salamonsen et al., 1985).

In addition to or in place of enhanced secretion of oestradiol-

induced proteins caused by progesterone, it is possible that

progesterone facilitated oestradiol-stimulated protein synthesis. One

possible means by which progesterone-priming of the uterus may have

enhanced the stimulatory effect of oestradiol on endometrial protein

synthesis may involve steroid receptor phosphorylation. Protein

phosphorylation-dephosphorylation is an important regulatory process

for many biological activities. The covalent modification of steroid

hormone receptors through phosphorylation-dephosphorylation is a

potentially important reaction since these modifications may play a

role in steroid action (for review see Auricchio, 1989). A hypothesis

(Auricchio, Migliaccio, Castoria, Rotondi and Lastoria, 1984) based

on in vitro studies, states that the oestradiol receptor from calf

uterus is a phosphoprotein. According to this hypothesis, the

interaction of hormone with receptor results in receptor

transformation and subsequent translocation to the nuclear

compartment, where it becomes rephosphorylated by an endogenous

protein kinase. This kinase appears to phosphorylate the oestradiol
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receptor on tyrosine (Migliaccio, Rotondi and Auricchio, 1984) .

Recently, Auricchio, Migliacco, Di Domenico and Nola (1987)

demonstrated that oestradiol increased the hormone-binding activity

of its own receptor by stimulating a protein-tyrosine kinase which

phosphorylated the dephosphorylated, non-hormone-binding form of the

receptor. Consequently, in the case of the guinea-pig uterus, it is

possible that progesterone stimulates the synthesis of protein(s)

which increase the binding activity of the oestradiol receptor by

facilitating the reactions involved in oestradiol receptor

phosphorylation. Interestingly, it has been suggested that, in

systems where progesterone inhibits the effects of oestradiol, this

inhibitory effect is possibly brought about, in part, by progesterone

inducing a nuclear phosphatase that dephosphorylates and inactivates

the oestrogen recptor (MacDonald, Okulicz and Leavitt, 1982).

Studies using radiolabelled glucosamine demonstrated that, as

in the case of other species (Strinden and Shapiro, 1983; Bartol et

al., 1985b) guinea-pig endometrium also incorporated this amino sugar

into secretory proteins. Furthermore, the level of incorporation

appeared to be independent of fluctuations in plasma oestradiol and

progesterone concentrations from Day 7 to Day 15 of cycle.

Qualitative analysis of endometrial proteins revealed the

presence of non-radioactive components which may have originated from

two possible sources, namely proteins which were pre-synthesised in

vivo and which were subsequently released during culture and/or serum

proteins which may have leached from cultured tissues but were not

synthesised by them. Evidence for the presence of this latter
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category of proteins (i.e. proteins of serum origin) comes largely

from the the presence of a major non-radioactive protein with a

molecular weight similar to that of serum albumin (MW ~ 67kDa)

observed in all band profiles obtained for both BS-ve and BS+ve

proteins following SDS-PAGE analysis. It may be argued that, were

this protein indeed serum albumin, then it would not have been

expected to be observed in the SDS-PAGE profile obtained for BS-ve

proteins. However, it is possible that the conditions used for the

removal of guinea-pig serum albumin from proteins harvested from

culture may not have been optimal and/or the affinity of this protein

for the binding ligand (Cibacron Blue F3G-A) on the Blue Sepharose

CL-6B gel resin was low. The comparison of SDS-PAGE band profiles

obtained for Day-7 and Day-15, BS-ve and BS+ve, endometrial proteins

with the SDS-PAGE band profile obtained for guinea-pig serum proteins

revealed that, whereas in all SDS-PAGE band profiles obtained for

both BS-ve and BS+ve proteins a component was present with a

molecular weight similar to serum albumin whose intensity, as in the

case of the SDS-PAGE band profile obtained for guinea-pig serum

proteins, was by far the largest of any other protein present, the

protein band corresponding to the protein transferrin was present

only in the SDS-PAGE profiles obtained for BS-ve proteins. This

finding indicates that the Blue Sepharose CL-6B had no affinity for

this protein and supports the postulate that this protein is serum

transferrin, since the binding ligand on Blue Sepharose CL-6B has

been shown to be devoid of affinity for this protein (Pharmacia-LKB
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A.B., Uppsala, Sweden). It is possible that serum proteins may have

entered the medium used to culture endometrium through simple

diffusion (as possibly in the case of albumin). However, the finding

that the 'mean' SDS-PAGE molecular weight profile obtained for

proteins released into culture from Day-15 endometrium contained

several non-radioactive component proteins which were absent from the

'mean' SDS-PAGE molecular weight profile determined for proteins

released into culture from Day-7 endometrium, plus the observation

that the 'mean' SDS-PAGE molecular weight profiles determined for

proteins released into culture from the endometrium of ovariectomised

animals treated with progesterone and/or oestradiol in vivo contained

'treatment-specific' components suggests that, as in the case of

other species (Sullivan et al., 1983; Sullivan et al., 1984a, b;

Casslen, 1986), transfer systems may exist in the guinea-pig uterus,

which under the influence of the ovarian hormones, regulate the

movement of specific serum proteins into uterine secretions.

Moreover, studies carried out in this thesis using ovariectomised

animals treated with oestradiol and/or progesterone showed that,

whilst oestradiol regulates the total amount of protein present in

uterine secretions, progesterone is the hormone responsible for

controlling the transfer of specific non-radioactive proteins from

the endometrium into the uterine lumen.

A2gonm profiles determined for radiolabelled proteins

synthesised and secreted in culture by Day-7 and Day-15 endometrium

showed these samples to be comprised in nearly all cases of only two

protein component, namely a component comprised of protein (s) with
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molecular weight(s) >250.0kDa and another protein component with a

corresponding molecular weight of 99.8kDa. However, whereas U.V.

elution profiles obtained for BS-ve, [ 3H]-leucine-incorporated

proteins indicated a change in emphasis away from the component

comprised of protein(s) with molecular weight(s) >250.0kDa toward the

protein component with a corresponding molecular weight of 99.8kDa

during the transition from Day-7 to Day-15 of the cycle, no such

pattern of change was seen in the case of BS+ve, [ 3H] -leucine-

incorporated proteins. Furthermore, whereas radioactivity profiles

determined for Day-7 and Day-15, BS-ve, [3H]-leucine-incorporated

protein samples and Day-7 and Day-15, glycosylated protein samples

revealed the 99.8kDa protein component present in the U.V. elution

profiles obtained for these BS-ve proteins to be a radiolabelled

component with a molecular weight in the range 99.8 to 114.0kDa which

was not only freshly synthesised but also glycosylated [henceforth

referred to as cavine endometrial secretory protein-1 (CESP-1)], the

99.8kDa component present in the U.V. elution profile obtained for

Day-7 and Day-15, BS+ve proteins did not appear to be either freshly

synthesised or glycosylated. SDS-PAGE analysis of radiolabelled Day-7

and Day-15, BS-ve proteins suggested that CESP-1 is unstable to this

form of analysis. Furthermore, CESP-1 is likely to be acidic in

character, since ion exchange studies of radiolabelled secreted

proteins synthesised in culture by Day-7 and Day-15 endometrium in

general, and of the molecular weight range containing CESP-1 in

particular, revealed the majority of the proteins present to be

285



acidic. The amounts of CESP-1 rose more than five-fold from Day-7 to

Day-15 of the cycle, a period over which the synthesis and output of

PGF2a has also been shown to increase (Poyser and Brydon, 1983) .

Overall, these findings suggest that CESP-1 may be or may contain

'lipostimulin', the protein suggested by Poyser and Riley (1987) to

be responsible for 'switching on' endometrial PGF2a synthesis and

release after Day 11 of the cycle in the guinea-pig.

The reason why CESP-1 may 'contain' rather than 'be'

lipostimulin is due to the possibility that the peak representing

CESP-1, and indeed all other peaks observed in elution profiles

obtained for the various protein samples analysed in the gel

filtration studies carried out in this thesis, may be 'compound' in

nature i.e. they may represent more than one protein. Nevertheless,

the fact that in all cases the summit of the peak representing CESP-1

corresponded to a component with a molecular weight in the range 99.8

to 114.0kDa suggests that CESP-1 comprises a substantial proportion

of the proteins giving rise to this compound peak. The candidacy of

CESP-1 being or containing lipostimulin is also supported by several

other findings. Thus, not only, as mentioned earlier, was the hormone

regimen required to bring about a maximum stimulation in the amount

of protein synthesised and secreted in culture by the endometrium of

ovariectomised guinea-pigs the same as the hormone regime required to

bring about a maximum stimulation in PGF2a output from the

endometrium, in vitro, of similarly treated animals (i.e. initial

priming with progesterone followed by treatment with oestradiol), but
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also the elution profile obtained for OVX: (P4+E2)-regulated, BS-ve,

[3H]-leucine-incorporated proteins following gel filtration on

Sephacryl S-200HR was unique amongst the Sephacryl S-200HR elution

profiles obtained for the various BS-ve and BS+ve protein samples

procured from medium used to culture endometrium obtained from

ovariectomised animals treated with progesterone and/or oestradiol in

containing a major radioactive component with a molecular weight in

the range 99.8 to 114.0kDa. This component is highly likely to be

CESP-1 since, as in the case of CESP-1 present in Day-7 and Day-15,

BS-ve, [3H]-leucine-incorporated protein samples, this protein

component appeared to be unstable to SDS-PAGE analysis. Furthermore,

as in the case of CESP-1, this component is likely to be acidic,

since ion exchange analysis of OVX: (P4+E2) -regulated, BS-ve, [3H]~

leucine-incorporated proteins in general, and of the molecular weight

range containing this component specifically, revealed the majority

of the proteins present to be acidic. In addition, pregnancy not only

blocked the de novo synthesis of protein in general, but the

synthesis and secretion of CESP-1 was also specifically attenuated

during gestation. This gives further support to the likelihood of

CESP-1 being or containing the protein responsible for switching on

endometrial PGF2a synthesis and release in the guinea-pig, since

prostaglandin production by the early pregnant guinea-pig uterus has

also been shown to be low (Poyser, 1984b).

The above findings suggest that the synthesis and secretion of

CESP-1 is dependent upon the endometrium being exposed to both
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progesterone and oestradiol, and that oestradiol acting on a

progesterone-primed uterus is the optimum stimulus required for the

synthesis and secretion of CESP-1. This hormone regimen (i.e. initial

priming of the uterus with progesterone followed by treatment with

oestradiol) has also been suggested to stimulate the synthesis of

lipostimulin in the guinea-pig endometrium (Poyser and Riley, 1987).

This raises one major question: in what way does this synergistic

interaction of progesterone (in the form of progesterone-priming)

with oestradiol 'trigger' the production of CESP-1 and, thus,

possibly lipostimulin?

Lister, Glaser, Ulevitch and Dennis (1989) have shown that

macrophage-like P388D-L cells respond to exposure to platelet-

activating factor (PAF) by producing arachidonic acid metabolites.

Furthermore, P388D} cells have been shown to possess high affinity

PAF receptors (Valone, 1988). Recently, it has been discovered that,

whilst the release of PGE2 by PSSSD-^ cells in response to PAF (an

event which is receptor mediated) is only 2-3 times greater than the

constitutive production of PGE2 by these cells (Lister et al., 1989),

bacterial lipopolysaccharides (LPS) are able to prime P388D-L cells

for enhanced arachidonic acid metabolism (Glaser, Asmis and Dennis,

1990) . Glaser et al. (1990) showed that initial priming of P388D1

cells with LPS followed by subsequent stimulation with PAF resulted

in a 9-12-fold increase over constitutive PGE2 production. These

workers also found that the extent and rate of tritiated arachidonic

acid release from prelabelled P388D-L cells were increased in primed

cells relative to unprimed cells in response to PAF stimulation
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(Glaser et al., 1990 ) . However, neither the total cellular

cyclooxygenase activity nor the calcium-dependent PLA2 activity was

found to be different in primed cells compared to unprimed (resting)

cells. In addition, it was discovered that, whilst LPS was capable of

priming cells in a concentration-dependent manner, LPS given on its

own was unable to stimulate arachidonic acid metabolism.

Interestingly, this priming effect of LPS was inhibited by

actinomycin D (an inhibitor of DNA-dependent RNA synthesis), whilst

the PAF-stimulated production of PGE2 by LPC-primed P388D-L cells was

blocked by cycloheximide (an inhibitor of the elongation step of

protein translation) (Glaser et al., 1990). From these observations

Glaser et al. (1990) concluded that the priming effect of LPS on

P388D-L cells was likely to be due to its ability to stimulate the

transcription of mRNA coding for effector protein (s) which may be

involved in enhancing the activity of PLA2, and that the translation

of this mRNA only occurs following PAF stimulation. Concequently, it

is possible that, in the guinea-pig endometrium, the conditions

required for the synthesis of CESP-1 (and so possibly lipostimulin)

are analogous to the situation, described above, concerning the

synthesis of PLA2-enhancing protein(s) by P388D-L cells i.e.

progesterone, oestradiol, the endometrial cell and CESP-1 (and so

possibly lipostimulin) in the case of the guinea-pig endometrium may

be, respectively, equated with LPC, PAF, the P388D-L cell and PLA2

facilitatory protein(s) in the case of these macrophage-like cells.

Thus, just as PAF stimulates the translation of LPC-dependent mRNA

coding for PLA2-facilitatory protein (s) in P388DX cells, in the
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guinea-pig endometrium oestradiol may stimulate the translation of

progesterone-stimulated mRNA coding for CESP-1.

It is interesting to speculate by what means CESP-1, and

therefore possibly lipostimulin, may enhance endometrial PGF2a

output. As mentioned earlier (see introduction), the supply of

substrate (i.e. arachidonic acid), and not changes in PGH synthase

concentration is the rate-limiting step in the biosynthesis of

prostaglandins by the guinea-pig endometrium. Downing and Poyser

(1983) have suggested that controlling the activation of endometrial

PLA2 by regulating free intracellular calcium concentrations is

probably of more importance than the absolute activities of this

enzyme in supplying free arachidonic acid for PGF2a synthesis by the

endometrium. These observations together with other findings led

Poyser and Riley (1987) to suggest that, in the guinea-pig,

oestradiol causes the synthesis by the endometrium of the protein

lipostimulin, which acts in a progesterone-primed uterus to raise the

endometrial intracellular free calcium concentration. This calcium

was then suggested to combine with calmodulin which then activates

PLA2 to release arachidonic acid from endometrial phospholipids.

However, in this study (Poyser and Riley, 1987) it was not stated by

what means lipostimulin may increase intracellular calcium levels.

Recently, Leckie and Poyser (1990b) reported that sodium fluoride,

which is an activator of guanine nucleotide regulatory (G) proteins,

increased the output of PGF2a from the Day-7 and Day-15 guinea-pig

uterus superfused in vitro. Furthermore, these workers found that,

290



whilst neomycin (an inhibitor of phospholipase C) and calcium-free

Krebs' solution had no inhibitory effect on the fluoride-stimulated

rise in PGF2a output from the Day-7 uterus, TMB-8 (an intracellular

calcium antagonist) attenuated this stimulatory effect of sodium

fluoride on uterine PGF2a output. These results indicated that,

whilst a fluoride-sensitive G-protein may mediate the release of

intracellular calcium for the activation of PLA2, the effector system

activated by this G-protein probably stimulates calcium release by a

means other than through the activation of phosphoinositide-specific

phospholipase C and the formation of IP3- Leckie and Poyser (1990b)

postulated that "sodium fluoride may be activating a G-protein

present in the endoplasmic reticulum which is normally involved in

the stimulation of endometrial PGF2a synthesis". Consequently, it is

possible that the G-protein postulated by Leckie and Poyser (1990b)

may be coupled to a receptor-activated calcium channel, the agonist

of which is lipostimulin. Thus, it could be envisaged that

lipostimulin stimulates the release of intracellular calcium by

binding to its receptor and thereby activating a G-protein to open

the calcium channel. This suggestion is supported indirectly by

recent observations in myocytes which indicate that the increase in

intracellular calcium brought about by p—adrenoceptor agonists (e.g.

adrenaline) for myocardial contraction possibly involves the agonist

binding to receptors which are directly coupled to G-protein gated

calcium channels (Shuba, Hesslinger, Trautwein, McDonald and Pelzer,

1990 ; Fu, Waagstein and Hjalmarson, 1991) . It has been suggested
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that, in systems where the generation of arachidonic acid is

receptor-mediated, the receptor protein may be directly coupled with

PLA2 activation through a G-protein (Axelrod, 1990). However, it is

unlikely that the G-protein described by Leckie and Poyser (1990b) is

directly linked with PLA2 activation because sodium fluoride caused

only a gradual increase in PGF2a output from the uterus (peak

stimulation of PGF2a output did not occure until up to 40 min

following initiation of fluoride treatment) whereas PLA2-linked G-

proteins primarily elicit a rapid response (Axelrod, Burch and

Jelsema, 1988).

Recently, several classes of phospholipase A2 stimulatory

proteins have been identified. Of these proteins, some have been

shown to act as an integral part of normal physiology, whereas others

have been shown to mediate pathophysiological conditions. With

regards to the latter condition (i.e. diseased states), a

phospholipase A2 activating protein (termed PLAP) that expresses

antigenic and functional similarities to melittin, a well-

characterised phospholipase A2 stimulatory peptide (MW 2.8kDa) found

in bee venom (Haberman, 1972), has been shown to exist in murine

smooth muscle (Clark, Conway, Shorr and Crooke, 1987) and bovine

endothelial cells (Clark, Chen, Crooke and Bomalaski, 1988). In the

human, a PLAP similar to the PLAP isolated from murine and bovine

sources has been biochemically isolated from the synovial fluid of

patients with rheumatoid arthritis (Bomalaski, Fallon, Turner,

Crooke, Meunier and Clark, 1990a) . This human PLAP was found to
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induce eicosanoid formation both in vivo and in vitro, and it was

suggested that this protein may be responsible, in part, for some

aspects of the destructive inflammatory arthropathy seen in patients

with rheumatoid arthritis (Bomalaski et al., 1990a). Furthermore,

PLAP has been suggested as being partly responsible for modulating

the inflammatory response to monosodium urate crystals that results

in gout (Bomalaski, Baker, Brophy and Clark, 1990b).

The mechanism by which PLAP increases PLA2 activity is not

completely understood. However, PLAP obtained from murine smooth

muscle appears to raise PLA2 activity by a means which involves an

increase in the apparent Vmax of the enzyme (Clark et al., 1987) . One

possible mechanism by which this increase in Vmax could occur is

that, since PLAP expresses biochemical and antigenic similarities to

melittin, PLAP may, as in the case of melittin (Mollay and Kreil,

1974; Shier, 1979), interact with the substrate to stimulate PLA2

activity. Interestingly, murine, bovine and human PLAP all appear to

be highly specific in their actions. Thus, not only do these various

PLAPs possess an element of phospholipase enzyme specificity, since

phospholipase C activity with a variety of different phospholipids is

not affected by these PLAPs, but also all of these proteins appear to

specifically enhance a particular subset of PLA2 enzymes, namely

phosphatidylcholine-preferring PLA2. This substrate specificity of

PLAP is especially relevant in the case of PGF2a synthesis by the

guinea-pig uterus, since it has been shown that in this organ, 90% of

the total arachidonic acid is bound to phospholipid and of this

293



proportion 80% is esterified as phosphatidylcholine and

phosphatidylethanolamine (Leaver and Poyser, 1981). Furthermore, Ning

and Poyser (1984) showed that, following a 24h labelling period of

endometrial lipids with [3H] -arachidonic acid, there was a

significant decrease in the amount of [3H]-arachidonic acid in

phosphatidylcholine and phosphatidylethanolamine on Day 15, but not

on Day 7 of the cycle, following a further 48h culture period. From

these observations, Ning and Poyser (1984) concluded that

phosphatidylcholine and phosphatidylethanolamine may be the suppliers

of arachidonic acid for increased PGF2a production by the guinea-pig

endometrium after Day 11 of the cycle. Consequently, whilst it is

possible, as has been proposed (Poyser and Riley, 1987), that

lipostimulin stimulates endometrial PLA2 activity by mobilising

intracellular calcium, a possible alternative means by which this

protein may stimulate endometrial PLA2 activity is by binding with

phospholipids (as in the case of PLAP) to make them a better

substrate for putative phosphatidylcholine and

phosphatidylethanolamine-preferring PLA2 enzymes.

PLAP has been suggested to possess a molecular weight of 28kDa

as determined by SDS-PAGE (Clark et al., 1987; Bomalaski et al.,

1990a, b) . However, the methodology used in these studies (Clark et

al., 1987; Bomalaski et al., 1990a, b) to isolate PLAP has involved

an initial purification stage whereby PLAP is separated (latched-off)

from medium in which it is present using affinity chromatography.

Subsequent analysis of this purified PLAP by gel filtration
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chromatography has revealed that, in every case PLAP activity

chromatographs as a protein with a molecular weight of approximately

40 - 43kDa. Consequently, the actual molecular weight of PLAP must be

within this molecular weight range (i.e. between 40 to 43kDa). The

reasons given for this discrepancy in the molecular weight determined

for PLAP, as determined by gel filtration and gel electrophoresis,

were the presence of detergents in the mobile phase of the titration

process and the possibility of proteins interacting with the gel

matrix in the filtration column. However, both of these explanations

are debatable. The validity of the former explanation may be refuted

by the fact that the procedures used to prepare PLAP from murine

smooth muscle sonicates (Clark et al., 1987) for filtration

chromatography meant that PLAP was exposed to a variety of different

detergents. However, despite this exposure, PLAP was found to be

biologically active even after the final stage of the purification

procedure (gel filtration) which also involved detergent. Thus, it is

more likely that PLAP underwent breakdown during SDS-PAGE analysis to

give a 'representative' molecular weight of 28kDa. In this respect,

PLAP appears to be similar to CESP-1 which is also unstable to this

form of analysis. The latter explanation, that the molecular weight

discrepancy was brought about by proteins interacting with the gel

matrix in the filtration column, may also be refuted by the fact

that, were PLAP to interact with the column gel matrix, then its

apparent molecular weight would be lower than the 28kDa determined by

SDS-PAGE and not higher than this molecular weight, as observed in

the filtration profile obtained for PLAP. This is because the
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interaction of any protein with the gel matrix increases its

retention on the column and, therefore, results in the portrayal of

an apparent molecular weight which is actually lower than the true

molecular weight of the protein.

As stated earlier, phospholipase A2 stimulatory proteins have

also been shown to be involved in normal physiological functions.

Thus, Goldman, Katsumata and Goto (1988) showed that, in incubates of

suspensions of calf thymocytes with testosterone, the androgen

stimulated a cycloheximide-blockable increase in the level of a

family of proteins (400, 110, 65, 45, 25, 8 and 6kDa), termed

lipokinins, released into the suspension medium, which have the

capacity to stimulate PLA2 from snake venom and mammalian tissue.

Goldman et al. (1988) suggested that the post-receptor effects of

testosterone on embryonic genitalia may be mediated through

stimulation of PLA2 by these lipokinins. These proteins (lipokinins)

appeared to be either acidic, basic or neutral in character since,

whilst some were retained on a column containing diethylaminoethyl

(DEAE) cellulose (10 and 65kDa lipokinins), others were retained on a

column containing carboxymethyl (CM) cellulose (6 and 400kDa

lipokinins) (Goldman et al., 1988). The flow-through fraction of both

ion-exchange columns contained the 45 and 25kDa lipokinins.

Lipokinins appear to increase the Vmax of the PLA2-catalysed reaction

in a manner inverse to irreversible non-competitive inhibitors

(Goldman et al., 1988). Thus, each lipokinin increases the reaction

rate until the point where the total amount of free lipokinin in the

reaction mixture is bound to the enzyme. After this point, the
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addition of more PLA2 produces a curve, in a graph depicting the

stoichiometric titration of lipokinins with increasing amounts of

PLA2, with the same slope as the control curve (without lipokinin),

because all of the lipokinin has become bound to the enzyme, and no

further stimulation is observed (Goldman et al., 1988 ) .

Interestingly, the activity of lipokinin is significantly lowered by

dephosphorylation with alkaline phosphatase, in contrast to the PLA2

inhibitory protein, lipocortin, where dephosphorylation with alkaline

phosphatase increases the activity of this protein (Hirata, Notsu,

Iwata, Parente, DiRosa and Flower, 1982; Touqui et al., 1986). What

implications do the findings of Goldman et al. ( 1988) have for the

means by which lipostimulin enhances PLA2 activity in the guinea-pig

endometrium? It is possible that lipostimulin is similar to the

HOkDa acidic lipokinin described by Goldman et al. (1988) for two

main reasons: a) the synthesis of both this lipokinin and CESP-1,

which is or may contain lipostimulin, is steroid-induced, and b)

CESP-1 is not only apparently acidic but also possess a molecular

weight of between 99.8 to 114.0kDa. Consequently, it is possible

that, rather than binding with the substrate, as in the case of PLAP

(see earlier) , lipostimulin may, as in the case of lipokinins, bind

with the enzyme itself to activate it. Activation itself may

subsequently be brought about by the lipostimulin lowering the

enzyme's requirement for calcium.

The work of Goldman et al. (1988) has recently been followed up

by Gupta and Braun (1990) who have succeeded in purifying a

testosterone-regulated phospholipase A2 stimulatory protein (55kDa),
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termed PLSP, from the fetal genital tracts of mice, which may play a

role in androgen-induced masculinisation. PLSP appears to be a basic

protein since, not only was a very low NaCl concentration (0.03M)

required to elute PLSP from a DEAE-cellulose ion-exchange column, but

also when this PLSP fraction was purified by CM-Sephadex ion-exchange

chromatography a high NaCl concentration (0.3M) was required to elute

this protein from the column (Gupta and Braun, 1990) . PLSP had no

effect on phospholipase C, whereas this protein stimulated both bee

venom and mouse genital PLA2. However, Gupta and Braun (1990) did not

investigate the means by which PLSP stimulated PLA2 activity.

Therefore, the mechanism by which PLSP stimulates PLA2 awaits

elucidation.

Clark et al. (1987) have suggested that one of the means by

which PLAP may stimulate PLA2 activity is that it may compete for the

same regulatory sites on the PLA2 as does the inhibitory protein

lipocortin. However, such a mechanism can not be attributed to the

possible mechanism by which lipostimulin may stimulate PLA2 in the

guinea-pig endometrium. This is because, whereas in cultured human

endometrium the glucocorticoid dexamethasone stimulates the

production of lipocortin (Gurpide et al., 1986), Riley and Poyser

(1987b) demonstrated that treatment with hydrocortisone, the main

glucocorticoid hormone in guinea-pig, had no effect on prostaglandin

output from the cultured Day-15 guinea-pig endometrium. Furthermore,

Poyser (1987b) has shown that hydrocortisone treatment of the Day-15

guinea-pig uterus superfused in vitro for 3h had no effect on either

basal or A23187-stimulated outputs of
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PGF2a, PGE2 or 6-keto-PGFla. Phorbol 12-myristate-13-acetate (TPA)

activates protein kinase C which in turn phosphorylates lipocortin

thus making the lipocortin inactive and removing its inhibitory

influence on PLA2 activity and on prostaglandin synthesis (Nishizuka,

1986). However, prostaglandin synthesis in the guinea-pig endometrium

is not stimulated by TPA (Poyser, 1987a; Riley and Poyser, 1987a).

Consequently, it would appear that lipocortin is not involved in the

regulation of prostaglandin synthesis by and secretion from the

guinea-pig endometrium.

The activation of PLA2 by trypsin digestion has been known for

some time. Thus, De Haas, Postema, Nieuwenhuizen and Van Deenen

(1968) showed that in the porcine pancrease, the major part of this

enzyme does not occur in the active form but as its enzymically

inactive precursor. This zymogen molecule is activated by the serine

protease, trypsin, which specifically cleaves a very labile arginine-

alanine linkage in the N-terminal region of the polypeptide chain,

giving rise to the formation of the active enzyme and a heptapeptide

(De Haas et al., 1968) . Similarly, Feinstein, Becker and Fraser

(1977) demonstrated that the release of arachidonic acid metabolites

from platelets in response to thrombin and collagen was inhibited by

the serine protease inhibitor phenylmethanesulfonylfluoride (PMSF).

Feinstein et al. (1977) concluded that a stimulus-activated serine

protease may be involved in the activation of platelet PLA2 by

thrombin and collagen. These observations of De Haas et al. (1968)

and Feinstein et al. (1977) in particular, demonstrate the
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possibility that the hypothetical phospholipase activating protein of

the guinea-pig endometrium, lipostimulin (Poyser and Riley, 1987),

may be an enzyme of the serine protease category, which increases

endometrial PLA2 activity through the proteolytic conversion of the

inactive enzyme into its active form. Consequently, it would be of

interest to investigate the effects of serine protease inhibitors on

prostaglandin synthesis by the Day-15 guinea-pig endometrium, since

the amounts of lipostimulin in the endometrium should, theoretically,

be high on this day of the cycle.

One logical question which has as yet not been addressed is:

why should lipostimulin be secreted? In the pregnant pig, the

luteolytic effect of PGF2a appears to be removed by its secretion in

an exocrine direction, i.e. by the re-direction of the secretion of

this prostaglandin into the uterine lumen for sequestration (Bazer

and Thatcher, 1977; Bazer et al., 1986) . Consequently, it is probable

that the secretion of lipostimulin into the uterine lumen with its

possible subsequent deactivation in this compartment may represent a

means for the removal of the stimulatory effect of this protein on

endometrial PLA2 activity and as such may depict a way of 'switching

off' the synthesis of PGF2a in the guinea-pig endometrium.

300



CONCEPTUS PROTEINS

Studies carried out in this thesis have demonstrated that

proteins are released into medium used to culture conceptuses removed

from guinea-pigs on Day 15 of pregnancy. These proteins are

predominantly acidic in character and may be classified into two

categories: a) proteins which were synthesised and secreted by the

conceptus during culture, and b) inert (i.e. not freshly synthesised)

proteins possibly comprised of 'prefabricated' polypeptides (i.e.

proteins synthesised by the conceptus prior to its removal from the

animal) which were released during culture and/or protein originating

from maternal serum. The apparent presence of inert maternal serum is

not unexpected since in the guinea-pig implantation normally occurs

on Day 7 of gestation (Poyser, 1984b) . Consequently, it would be

anticipated that by Day 15 of pregnancy the trophoblast has come into

contact with the maternal blood supply (Roberts and Bazer, 1988) . The

conceptus also synthesised and secreted in culture a very high

molecular weight protein (MW 673.0 - 706.3kDa). This protein may be

involved in preventing the immunological rejection of the conceptus

by the mother. Support for this suggestion comes from the fact that

acidic proteins, which are glycosylated, with similar high molecular

weights are also secreted by the conceptuses of several other species

during early pregnancy (Masters et al., 1982; Bartol et al., 1985a;

Godkin et al., 1982a) . These glycoproteins have been suggested to

form a protective coat around the conceptus thus ensuring the

survival of the 'fetal allograft' (Masters et al., 1982; Hansen,
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Stephenson, Low and Newton, 1989). In addition, a lactosaminoglycan-

containing glycoprotein with a molecular weight of 800-900kDa, has

also been shown to be secreted on Days 16 to 17 of gestation in the

sheep that inhibits mixed lymphocyte reactions and

phytohaemmagglutinin (PHA)-induced lymphocyte proliferation (Hansen

et al., 1989).

Analysis of conceptus secretory proteins by gel filtration

chromatography revealed a freshly synthesised protein component [MW

98.2-103.5kDa as determined by chromatography on Sephacryl S-300HR

column and 99.8-114.OkDa as determined by chromatography on Sephacryl

S-200HR column; henceforth referred to as cavine conceptus secretory

protein (CCSP-1)] which comprised the largest proportion of proteins

present and which was unstable to analysis by SDS-PAGE. CCSP-1 may be

or may contain the antiluteolytic factor described by Poyser (1984b).

However, whilst CCSP-1 may, by preventing luteolysis, facilitate the

establishment of pregnancy, it is unlikely that an increase in the

synthesis and secretion of this protein around Day 10 of gestation,

which should take place at this time if CCSP-1 is or contains the

antiluteolytic factor in order to prevent the rise in uterine PGF2a

output which normally occurs on Day 11 of the cycle, represents the

initial signal from the conceptus to the mother for the recognition

of pregnancy. This is because in investigations carried out by Poyser

(1984b) both PGF2a production and output were lower on Day 7 of

pregnancy than on Day 7 of the cycle. Thus, it would appear that in

the guinea-pig, the embryo has already signalled its presence by Day
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7 of gestation. Consequenly, it is of interest to investigate the

temporal pattern of appearance of CCSP-1 and other conceptus

secretory proteins during the first week of gestation. This is

because a component other than CCSP-1 may predominate during the

first week of pregnancy, and this other component may be involved in

bringing about the reduction in prostaglandin synthesis and output

observed in Day-7 pregnant endometrium relative to Day-7 non-pregnant

endometrium (Poyser, 1984b).

In some species such as the cow and the sheep, luteoprotection

takes place before the completion of implantation (Basu, 1985) .

Therefore, it could be said that in these species the rescue of the

corpus luteum represents a form of pre-implantation-stage maternal

recognition of pregnancy. However, in other species including the

human, mouse, rat and guinea-pig, luteoprotection occurs some time

after implantation. Recently, O'Neill (1989) has suggested that

platelet-activating factor (PAF), which has been shown to be produced

by the pre-implantation embryo of the human (O'Neill, Pike, Porter,

Gidley-Baird, Sinosich and Saunders, 1985) and the mouse (O'Neill,

1985), may act in these species as a mediator of maternal recognition

of pregnancy during the pre-implantation phase of pregnancy. However,

investigations carried out in the mouse tend to suggest that PAF is

primarily involved in supporting implantation rather than inhibiting

luteolysis (O'Neill, 1989). Thus, whilst PAF may be involved in the

process of implantation, it is unlikely that it is responsible for

the lower amounts of PGF2a synthesised and secreted by the guinea-pig
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uterus on Day 7 of pregnancy compared to the amounts synthesised and

secreted by the non-pregnant uterus on Day 7 of the cycle.

Consequently, in the pregnant guinea-pig the conceptus appears to be

capable of expressing its protein inhibitory, antiluteolytic effect

as early as Day 7 of pregnancy by a means which remains to be

elucidated.

Poyser (1984c) has suggested that, in the early pregnant

guinea-pig, the conceptus ensures the survival of the corpus luteum

by not only blocking the mechanisms involved in the synthesis of

PGF2a but also by inhibiting the increase in oestradiol output from

the ovary, which normally occurs on Day 10 of the cycle if the animal

were not pregnant, thereby removing the stimulus for increased PGF2ct

production by the endometrium. Furthermore, this worker has suggested

that, from about Day 16 of pregnancy, the guinea-pig conceptus

secretes a luteotrophic factor, other than PGE2 which has been

suggested to be luteotrophic in other species (Henderson, Scaramuzzi

and Baird, 1977), which further stimulates progesterone secretion by

the corpora lutea. This latter suggestion is corroborated by

observations made for the early embryos of the cow. Beal, Lukaszewska

and Hansel (1981) showed that homogenates and aqueous extracts of

homogenates of Day-18 bovine blastocysts were able to stimulate net

progesterone production by dispersed bovine luteal cells in culture.

However, it was found that activity was lost after dialysis under

conditions that removed compounds with molecular weights <12kDa. More

recent work by Hickey and Hansel (1987) has suggested that the active
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principle of this luteotrophin may be a steroid.

Results obtained from studies using Day-15 unilaterally

pregnant guinea-pigs, with the non-pregnant horn intact or transected

(i.e. such that there is no continuity between the two uterine horns)

indicate that, whilst the conceptus expresses its luteoprotective

effect predominantly in a local manner, it can also confer its

luteoprotective influence systemically (Poyser, 1984c). Further

support for the existence of a systemic component to the

luteoprotective influence of the conceptus comes from studies carried

out by Bland and Donovan (1969b) who showed that the grafting of

conceptuses to the spleen in the guinea-pig resulted in the

maintenance of luteal function. Thus, it would be interesting to see

if CCSP-1 is a 'pregnancy-associated' plasma protein in the guinea-

pig, and if so, how the plasma levels of this protein change during

gestation. Between Days 10 and 21 of pregnancy in the sheep, the

conceptus secretes the protein ovine trophoblast protein-1 (oTP-1; MW

~ 17kDa) (Bazer et al., 1986) which inhibits uterine PGF2a synthesis

(Fincher, et al., 1986). oTP-1 has high amino acid sequence homology

with a-interferons (Imakawa, Anthony, Kazemi, Marotti, Polites and

Roberts, 1987; Stewart, McCann, Barker, Lee, Lamming and Flint,

1987), and human a-interferon has been shown to inhibit PGF2a and

PGE2 synthesis by sheep endometrial cells in culture (Salamonsen et

al., 1988). In the guinea-pig, however, Leckie and Poyser (1990a)

discovered that human a-interferon had no inhibitory effect on the

outputs of PGF2a, PGE2 and 6-keto-PGFla from Day-15 endometrium in
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culture. These workers concluded that the antiluteolytic factor

synthesised and secreted by the guinea-pig conceptus is probably not

related to oTP-1 (Leckie and Poyser, 1990a). This conclusion is

supported by the fact that oTP-1 appears to prevent luteolysis in the

sheep by inhibiting endometrial responsiveness to oxytocin (Mirando

et al., 1990). Thus, as oxytocin does not seem to be involved in the

regulation of PGF2a output from the uterus (Poyser and Brydon, 1983;

Riley and Poyser, 1987b), then it is not unexpected that the

antiluteolytic factor synthesised and secreted by the guinea-pig

conceptus is dissimilar to oTP-1. In the cow, the antiluteolytic

signal from the conceptus to the mother is in the form of bovine

trophoblast protein-1 (bTP-1), which are a group of seven isomers of

N-linked glycoproteins in two size classes (22kDa and 24kDa) that are

related immunologically to oTP-1 (Helmer et al., 1989a; Thatcher,

Hansen, Gross, Helmer, Plante and Bazer, 1989) . In this species it

has been demonstrated that endometrial inhibitors to prostaglandin

synthesising enzymes exist and that their activity is increased

during pregnancy (Basu and Kindahl, 1987; Gross, Thatcher, Hansen,

Johnson and Helmer, 1988). Helmer, Gross, Newton, Hansen and Thatcher

(1989b) demonstrated that bTP-1 reduced the secretion of PGF from

explants of cyclic cows. It was suggested that this effect of bTP-1

was probably brought about via the induction of endogenous

prostaglandin synthesis inhibitor(s) (Helmer et al., 1 98 9b) .

Consequently, it is possible that bTP-1 acts as an antiluteolysin by

inducing inhibitors to prostaglandin synthesising enzymes in the
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uterus. In this respect, the means by which bTP-1 blocks endometrial

PGF2a output in the cow appears to be opposite to the means by which

the antiluteolytic factor described by Poyser (1984b) blocks the

output of this prostaglandin from the guinea-pig endometrium, since

in the case of the latter the antiluteolytic factor has been

suggested to inhibit the synthesis of lipostimulin, the hypothetical

protein responsible for switching on the synthesis and release of

PGF2a in the guinea-pig endometrium (Poyser, 1984b; Poyser and Riley,

1987) .

IN CONCLUSION

The studies carried out in this thesis have demonstrated that

the pattern of the synthesis and secretion of proteins by the guinea-

pig endometrium in response to the ovarian steroid hormones mirrors

the pattern of the synthesis and secretion of PGF2a by this tissue in

response to these ovarian hormones. Furthermore, the synthesis and

secretion by the endometrium of protein in general, and of one

protein component specifically, termed CESP-1, was increased in

response to oestradiol acting on a progesterone-primed uterus. The

synthesis and secretion of CESP-1 was attenuated on Day 15 of

pregnancy. It is proposed that oestradiol, acting on a uterus which

has been primed with progesterone, stimulates the synthesis of the

protein CESP-1. CESP-1 then activates PLA2 to release arachidonic

acid from phosphatidylcholine and phosphatidylethanolamine, which

from Day 11 of the cycle is directed into the
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PGF2a-forming pathway. The secretion of CESP-1 from the endometrium

into the uterine lumen may represent a means of 'switching off' PGF20t

synthesis in the guinea-pig uterus. Obviously, these proposals

require further study.

Examination of proteins released into culture from conceptuses

removed from guinea-pigs on Day 15 of pregnancy revealed the presence

of a protein component, termed CCSP-1, which comprised the largest

proportion of all proteins present. It is proposed that CCSP-1 may

facilitate the establishment of pregnancy in the guinea-pig by

inhibiting the synthesis of CESP-1, thus blocking the activation of

PLA2 and the rise in PGF2ot production and output. Consequently,

corpora lutea are rescued from the luteolytic effects of PGF2a and

high plasma progesterone concentrations are maintained for the

survival of the embryo. Again, these proposals require further

investigation.
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