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Ll non-systine sulphur of protein.

In 1909 Tanrel^lsolated from the water soluble

portion of ergot a crystalline base CgH^j-N^OgS which
was later found by Barger and Ewins^ to be/3-2-thio-

glyoxaline propio betaine.

An attempt to see whether the insoluble protein

of ergot contains any such sulphur-histidine deriva¬

tive started the present work first with 100 gms. of

ergot, fat from which had been previously removed by

benzene treatment. This experiment qualitatively

showed that sulphur was present in the arginine

portion of the di-amino acids and not in the histidine

nor lysine portion; but on further examination with

450 gms. of the same ergot, it was found that sulphur

present was in a gummy hygroscopic substance, separ¬

ated in the di-amino group and it was present both

in the histidine and arginine groups. This gummy

substance when freed completely from histidine

crystals failed to give Pauly's reaction as was also

the case with the gummy substance separated from

arginine fraction. Thus the di-amino group examined,

though It contains a sulphur-containing substance

other than cystine seemingly does not contain a

sulphur histidine derivative. The process followed

in this part of the work was in short thus:-

The insoluble protein of ergot (fat-freed),

obtained/
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obtained after percolation with water for four days,

was completely hydrolysed by heating with three times

the quantity of concentrated hydrochloric acid, first

on water-bath for six hours and then to boiling on

sand-bath for 48 hours, provided with a reflex con¬

denser. It was then filtered through glasswool;

hydrochloric acid evaporated off from the filtrate,

residue dissolved in water, neutralised by addition of

sodium hydroxide solution till it was just acid and

allowed to stand overnight. Filtrate was then made

alkaline in the sodium hydroxide solution and all

ammonia evaporated off. Then it was neutralised,

so that it was acid to litmus and alkaline to methyl

orange^by addition of acetic acid and after allowing
to stand overnight to deposit cystine, it was filtered

again. Thefiltrate was made up to contain 5 per cent,

sulphuric acid on the whole and saturated phospho-

tungstic acid in 5 per cent, sulphuric acid added till

the supernatant liquid gave no more precipitate with

the reagent. The precipitate after being washed

with 5 per cent, sulphuric acid was dissolved in

acetone-water mixture (3:4) and the phospho-tungstic

acid separated as barium phosphotungstate by addition

of hot saturated solution of baryta, till the super¬

natant liquid gave no precipitate with baryta but

gave »» precipitate with sodium carbonate solution

and dilute sulphuric acid. The barium phospho¬

tungstate precipitate was filtered off and washed with

baryta/



baryta and hot water. Acetone was then evaporated

off from the united filtrate and washings and excess

of barium removed as barium carbonate by passing

carbon dioxide through. The filtrate was then

reduced in volume by evaporation in vacuo and

quantitative estimation of sulphur by von Liebig's
method and nitrogen determination by micro-Kjeldahl

done on a small fraction of it, Nitrogen determin¬

ation of the total protein hydrolysed solution and

mono amino acid filtrate was done. Separation into

histidine, arginine and lysine portions was then

effected by silver nitrate-baryta method.

Separation of Histidine Portion.

This was effected by addition of silver nitrate

solution 20/ to the filtrate containing di-amino

acids and acidified by nitric acid, till a test drop

gave a dark brown, not yellow, precipitate with

filtered baryta. Thus sufficient silver nitrate was

added to combine with histidine and arginine.

Histidine was first precipitated by exactly

neutralising with baryta and then adding baryta in 5

c.c, portions till a test portion of 10 c.c. of the

filtrate gave no precipitate with a drop of baryta.

The histidine silver precipitate was filtered off,

suspended in water, acidified with sulphuric acid and

decomposed by hydrogen sulphide gas. Filtrate from

silver sulphide and barium sulphate was got rid of/,
the/
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the excess of hydrogen sulphide gas by aeration,

made alkaline with baryta to remove sulphate radical,

and then excess of barium from the filtrate removed

as barium, carbonate by introduction of carbon dioxide.

Filtrate was measured and made up to a definite vol¬

ume and sulphur determination by von Liebig's method

and nitrogen determination by micro-Kjeldhal done

on a fraction. The rest of the filtrate from barium

carbonate was evaporated to dryness in vacuo after

acidifying with hydrochloric acid. The residue was

extracted with water, boiled with charcoal and fil¬

trate evaporated on a water-bath to dryness. The

residue consisted ofa crystalline substance covered

by a brown sticky matter. The crystalline was

separated from the guromy portion by washing with

methyl alcohol.

The crystalline histidine hydrochloric portion

gave Pauly's reaction but gave no violet coloration

with sodium nitro-prusside after fusion with metal

potassium. The methyl alcohol washings on evapor¬

ation of the alcohol left a brown hygroscopic gummy

substance which gave a distinct violet-red poloration

on testing a trace of the substance with sodium nitro-

prusside after fusion with potassium. But Pauly's

reaction was not distinct at all, This gummy portion

could not be crystallised from ordinary organic

solvents.

Separation/
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Separation of Arginine Portion.

This was effected by saturating the filtrate

from the histidine silver precipitate with barium

hydroxide powder and filtering off the arginine silver

precipitate. This was then suspended in water,

acidified with sulphuric acid and decomposed by

hydrogen sulphide gas. Silver sulphide and barium

sulphate were then filtered off, hydrogen sulphide gas

removed by aeration, and sulphate radical removed by

making it alkaline with baryta. Excess of barium

from the filtrate was removed by passing through carbotn-

di'oxide. Filtrate measured and made up to a definite

volume and sulphur determination by von Liebig's

method and nitrogen by micro-Kjeldhal done on a

fraction of it. The rest of the filtrate acidified

with nitric acid was evaporated to dryness. The

residue consisted of arginine nitrate crystals covered

with a brown sticky substance. The whole was re-

dissolved in minimum water and recrystallised from

water. The crystals on fusion with potassium and

testing with sodium nitro-prusside gave no violet red

coloration, and gave no Pauly's reaction. The

mother liquor on evaporating to dryness gave a brown

sticky substance, a trace of which gave a positive

sulphur test with sodium nitro-prusside after fusion.

The gummy portion was then dissolved in water

and made up to 100 c.c., nitrogen estimation by micro-

Kjeldhal and sulphur by von Liebig's method done on

a fraction. Then the rest was precipitated with 5%

mercuric /
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mercuric sulphate in 5% sulphuric acid solution, to

see by this method whether the sulphur containing

substance could not be got in a pure condition.

The precipitate was maximum on neutralisation with

sodium hydroxide solution, so that the liquid was

alkaline to methyl orange and acid to litmus. The

lemon-yellow precipitate that settled down easily

was filtered off, suspended in water and decomposed

by hydrogen sulphide gas. The filtrate was made

alkaline with baryta to remove sulphate radical and

excess of barium in the filtrate got rid ofi as

barium carbonate by passing through carbon dioxide.

The filtrate was measured and made up to 250 c.c.

and sulphur and nitrogen determination done on a

fraction. The remaining portion on evaporation to

dryness gave a crystalline residue.

(1) Solution of the crystal with barium chlor'ide

reagent gave no precipitate, showing absence of

sulphate radical.

(2) A small portion fused with potassium gave a

marked violet red coloration with sodium, nitro-

prusside, indicating the presence of sulphur.

(3) Solution of the crystals made alkaline with

ammonia did not give a violet coloration with

sodium nitro-prusside, indicating absence of free

sulphide radical.

(4) On heating on a piece of platinum, the sub¬

stance charred, melted and left a white residue,

indicating/



indicating that though it contained organic substance,

there was inorganic impurity.

(5) Solution of the substance became turbid on

addition of dilute sulphuric acid, showing the

presence of barium,

(6) Solution of the substance gave a precipitate with

silver nitrate solution, indicating the presence of

halogen group, probably a chloride.

(7) Solution gave no Pauly's reaction, indicating

absence of histidine derivative.

Thus the sulphur-containing substance,

apparently not a histidine derivative, was contamin¬

ated with inorganic impurity and was not in sufficient

quantity to effect a successful separation of the

organic substance from inorganic impurity.

4-50 gms. Ergot.

Protein Nitrogen = 5.5400 gms.

Mono amino nitrogen = 4,7268 gms.

D:amino nitrogen = 0.8132 gms.

(1) Di-amino portion/



ts.

Nitrogen
gms.

Sulphur
gms.

Ratio of Nitrogen atoms
to sulphur atoms.

1) Di-amino
portion

2) Hi3tidine
portion

3) Arginine
portion

Gummy
portion
of argi¬
nine
fract.

Filtrate
from

gummy
portion
after HgS(^
ppt.

0.8132

0.2460

0.2050

0.0584

.00615

0.2240

0.0320

0.02898

0.01099

0.01077

.8132 32
T¥~ .22TT

.2460 v 32
IT" .03215"

= 8.301

17.58

,2050
, 32

TT~ * .02898
16.17

0584 ^ 32
"TT TolosO 12.17

, 00615 ^ 32
14 ToTtJ77

= 1.313

These figures indicated that the sulphur

containing substance was mixed with other nitrogenous

substances and it could be purified much further by

precipitation with mercuric sulphate reagent as

evidenced by the ratio of nitrogen to sulphur. These

determinations were carried out in each definite

portion only to show their relation of sulphur and

nitrogen, and therefore the sulphur values have no

significance by themselves, since the attempt was not

to see whether the whole sulphur was quantitively

present in the gummy portion or not.
(3)

Howard Mueller in 1923 isolated a new

sulphur/
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sulphur amino acid having a composition CgH-j^OpNS
from hydrolytic products of protein, the constitution

of which has not yet been ascertained. But since

in his method separation of the cystine from the

hydrolysed solution was not done before precipitation

with mercuric sulphate, and since the rationale of

his extracting the mercuric sulphate compound by baryt

is not understood, his method was not followed in

experiments with ergot. Instead, the di-amino

portion of ergot containing sulphur was precipitated

with mercuric chloride reagent without using silver

nitrate-baryta method, and in another experiment

precipitation first with mercuric sulphate reagent

after removal of cystine and then with mercuric

chloride reagent tried, but both failed to obtain

the sulphur-containing substance in a pure

crystalline form,

140 gms. of ergot were treated in the same way

as described before, except the solution was made

alkaline to drive off ammonia, with baryta instead of

sodium hydroxide as it could be removed later by

sulphuric acid, The di-amino filtrate obtained

from phosphotungstic acid precipitate was pre¬

cipitated with 8% mercuric chloride solution and

neutralised by sodium acetate so that it was alkaline

to methyl orange and acid to litmus. The precipitate

was decomposed by hydrogen sulphide after suspending

it in water, mercuric sulphide filtered off, excess

of hydrogen sulphide removed by boiling, and

filtrate/

a
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filtrate evaporated to dryness. The residue was a

gummy substance containing sulphur which could neither

be crystallised nor yielded a crystalline copper

compound or picrate containing sulphur.

Finally, 50 gms. of ergot were hydrolysed,

and cystine separated from it as described before.

Then precipitation was done with Q% mercuric chloride

in presence of sodium acetate and precipitation of the

filtrate from decomposed mercuric chloride compound

by 5% mercuric sulphate in 5% sulphuric acid and

neutralisation with sodium hydroxide carried out.

The sulphate radical from the decomposed mercuric

sulphate compound removed by baryta, excess of which

removed again .by carbon dioxide, The resulting

filtrate on evaporation to dryness gave only the

same kind of sticky hygroscopic brown substance

easily soluble in water, insoluble in alcohol,but

soluble in methyl alcohol and containing sulphur.

This could not be obtained in a pure crystalline

form.

Thus all attempts to isolate in a pure

crystalline form the sulphur-containing substance,

other than cystine, by precipitation methods failed.

But it was shown that the sulphur-containing sub¬

stance was precipitated along with the di-amino acids

by phosphotungstic reagent, precipitated by mercuric

chloride in presence of sodium acetate and 5%

mercuric sulphate in 5% sulphuric acid in neutral

solutions.

Before/
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Before leaving off the precipitation method,

another protein, egg-albumen, whose sulphur content

was estimated to be 1,Q% was treated similarly,

because only .43/ is accounted for by cystine in the

total sulphur of egg albumen. Thus the scope of

the work expanded to see in what form the non-cystine

sulphur exists in proteins and whether this sulphur-

containing substance can be isolated in a pure

crystalline form.

100 gms. of egg albumen were treated in the same

way as described in ergot, namely, hydrolysis with

concentrated hydrochloric acid, separation of cystine,

precipitation with phosphotungstic reagent, separ¬

ation of the di-amino group into histidine, arginine

and lysine portions by silver nitrate-baryta method,

and examination of histidine and arginine fractions.

As in the case of ergot, the egg histidine portion

gave a crystalline fraction containing no sulphur

and a hygroscopic gummy portion containing sulphur.

This gummy portion was dissolved in water and made

up to a definite volume to find the relation of

sulphur and nitrogen after their quantitative

estimations on a fraction of the solution. The

rest was precipitated with b% mercuric sulphate in

5% sulphuric acid. The mercuric sulphate precipitate

was decomposed by hydrogen sulphide gas, excess of

hydrogen sulphide removed from the filtrate by

boiling, excess of sulphate radical removed

by barium hydroxide, excess of which

again/



again by carbon dioxide. The final filtrate on

evaporation to dryness gave a similar gummy portion

which showed the presence of sulphur distinctly 011

testing with sodium nitro-prusside after fusion with

potassium, but on testing with barium chloride and

sodium nitro-prusside without fusion, showed absence

of sulphate and sulphide radicals. This again could

not be crystallised, nor a crystalline sulphur-con¬

taining picrate or copper compound obtained. The

arginine portion yielded a crystalline portion

containing^sulphur and a non-crystalline gummy portion
containing sulphur. Thus no further progress was

made in the research with egg albumen.

100 gm. Egg Albumen - sulphur content = l.S/£

Nitrogen
gms

Sulphur
gms.

Ratio of nitrogen atoms
to sulphur atoms.

Di-amino
acid port. — 0.2874 —

Histiaine
portion 0.08025

.Gummy
portion of
histidine

.1170 0.02779
.1170 32 = Q RO,

14 ' ."05779 *6 ~

.Gummy
portion
after
precip.
with mer¬

— 0.02335 —

curic

sulphate

Gummy
portion of
arginine

.1579 0.02571
,1579 ^ 32 = l4.1 a
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Dakln's Process.

The precipitation methods having failed to

isolate the sulphur-containing substance both from

ergot and egg albumen in a pure crystalline form,

a simpler protein gelatine containing no cystine and

having a sulphur content 0,2-0.57 per cent, was

selected. Before carrying out any precipitation or

esterification method, continuous extraction with
/ 4)

butyl alcohol, as was done by Dakinv was carried

out with the following results:-

250 grns. of gelatine were hydrolysed with 300

gms. of concentrated sulphuric acid, and 1000 c.c. of

distilled water by boiling under a reflex condenser

on sand-bath for thirty hours, After diluting with

an equal volume of distilled water, sulphuric acid was

removed by hot saturated baryta till no longer blue to

Congo paper. The filtrate united with the washings

of the precipitate, was then reduced in volume by

evaporation in vacuo to about 400 c.c. Filtrate,

slightly acid in reaction, was neutralised with

barium hydroxide exactly and filtered again. Filtrate

was now acid to phenolphthalein and alkaline to methyl

orange, Filtrate gave no precipitate with barium

chloride solution. Volume was made up to 500 c.c.

and 50 c.c. removed for sulphur estimation by von

Liebig's method. The remainder (450 c.c.) was used

for continuous extraction with butyl alcohol at

ordinary/
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ordinary pressure, the temperature of the solution

being kept at 60°. The white solid amino acids

that separated out in the extracting flask after

about two hours were filtered off at intervals of

five or six hours, washed with ether and dried in

air and tested for sulphur with sodium nitro-prusside

after fusion with potassium, after each separation.

The extraction was continued till the result of the

sulphur test with the white amino acid was negative.

This was seen to be the case after 62 hours of

extraction in the eleventh portion of solid white

amino acid. The weight of total amino acids thus

separated was 27.7 gms. Sulphur content was

estimated in the white amino acids and other

fractions as watery solution remained after

extraction and residue left behind after distilling

off the butyl alcohol, which was separated from the

watery solution in a separating funnel, the latter

measured and made up to 500 c.c. and 25 c.c. removed

for sulphur estimation by von Liebig's method.

Butyl alcohol used for extraction was distilled off

in vacuo and the residue, brown and sticky, dissolved

in water, and after, filtering, made up to 500 c.c.

and 25 c.c. used for sulphur estimation.

Sulphur/
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Sulphur In 500 c.c. of the hydrolysed gelatine
solution = 0.7034 gms.

Sulphur in 450 c.c. used for
estimation = 0.63306 "

Sulphur in the solid, white amino acids = 0.3231 gms.

Sulphur in the watery solution of the
mother liquor after extraction = 0.2029 "

Sulphur in the residue obtained
after distilling off the butyl
alcohol = 0.05143 "

Thus it was seen that more than half of the

sulphur is separated with the feebly ionised white

solid amino acids which were found to be leucine,

alanine, valine, phenylalanine and proline, while

a third of the sulphur remained with the strongly

ionised bases and di-carboxylic acids. Thus the

hope to get all the sulphur either along with the

white amino acids or with the portion left behind

was not quite fulfilled.

With the hope that by precipitation method

applied to this pLirer solid white amino acids, the

sulphur-containing substance may be obtained in a

pure crystalline form, 7.6732 gms. of the solid

white amino acid portion were dissolved in 500 c.c.

of water. The reaction of the solution was

slightly acid to litmus and alkaline to methyl orange.

Precipitation by 5/ mercuric sulphate reagent in 5%
sulphuric/
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sulphuric acid solution was done, and it was found

that precipitation was maximum when it was acid to

litmus and methyl orange, but not acid to Congo paper.

The precipitate was filtered off, suspended in water

and decomposed by hydrogen sulphide gas. The filtrate

from mercuric sulphide was got rid off the excess of

hydrogen sulphide gas by boiling and filtrate eva¬

porated to dryness gave a dull white amorphous

residue which vras soluble in water. The solution of

the residue was made alkaline with baryta to remove

the sulphate radical, and excess of barium removed

as carbonate by passing carbon dioxide through.

Filtrate with barium chloride gave no

precipitate, indicating thereby absence of sulphate

radical. The filtrate on evaporation to dryness in

vacuo gave a white non-crystalline residue - extracted

the residue with water, filtered and evaporated on

water-bath. A white crystalline substance in flakes .

was obtained.

(1) This substance was soluble in water and dilute

alcohol,

(2) The solution with barium chloride gave no

precipitate, indicating absence of sulphate radical.

(3) When heated on a platinum piece it charred and

left very little residue, indicating the substance

to be organic.

(4) When fused with potassium and tested with sodium

nitro-prusside a pale violet coloration was produced,

thereby/
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thereby Indicating probably that the crystalline

portion did not entirely consist of the sulphur-

containing substance,

(5) It was therefore recrystallised from dilute

alcohol and sulphur test repeated with the

crystalline portion, giving a very slight violet

coloration.

(6) With ninhydrin the blue reaction of -amino-

acid was distinct.

Since the test for sulphurwas very indistinct,

it was supposed that the crystalline substance was

an amino acid contaminated with a trace of the

sulphur-containing substance. There was not

sufficient left to carry on melting-point determin¬

ation.

Then esterification was tried with the remain¬

ing solid white amino acids. 18.2 gms. of the

substance were dissolved in 500 c.c, of absolute

alcohol and esterified by passing dry hydrochloric

acid gas to saturation. After distilling off the

alcohol in vacuo ( bath temperature 35°-45°), it was

again dissolved in absolute alcohol esterified second

time. The esters in the dark brown syrup left after

distilling off the alcohol in vacuo (bath temperature

35°-45°) were separated from their hydrochloride
(5)

compounds by Pribram's method by passing dry

ammonia through the solution in absolute alcohol and

dry/
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dry ether, surrounded by freezing mixture, till it

was markedly alkaline. The ammonium chloride

precipitate was filtered off, ether and alcohol

removed by evaporation in vacuo (bath temperature

below 40°) and the dark brown syrup left subjected

to fractional distillation.

(1) With water pump and water bath.

(2) With oil pump and oil bath.

During distillation with oil pump the pressure

was at first 2 mm. but gradually went up to 8 mm. The

temperature of distillation as recorded by a ther¬

mometer inside the distilling flask was 90°-98°; a

yellow solid, crystalline to the naked eye, appeared

and vme collected at the upper part of the distilling

flask. Qualitative test for sulphur was carried out

in each portion.

(1) Distillate with water pump and water bath on

fusion with potassium gave a pale violet coloration,

indicating thereby very slight presence of sulphur.

With lead acetate test no brown colour was

produced.

(2) Distillate with oil pump and oil bath on fusion

of one drop of it with potassium gave a very marked

violet red coloration with sodium nitro-prusside

and with lead acetate test a brown coloration was

produced.

(3) A small quantity of the dark brown solid left in

the distilling flask on fusion with potassium and

testing/
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testing with sodium nitro-prusside gave a very

marked violet red coloration, and with lead acetate

a brown coloration.

Thus the sulphur appeared to exist in the

distillate with oil pump and oil bath and in the

dark brown residue left after distillation. But the

distillate with oil pump was only 2 c.c. It was

dissolved in water and precipitated with mercuric

chloride in presence of sodium acetate. The white

amorphous precipitate on fusion with potassium gave

a violet red coloration with sodium nitro prusside

and with lead acetate a brown coloration. It was

not enough to carry out any further experiment

with it.

The dark brown solid was dissolved in alcohol

and precipitated with 20/ mercuric chloride solution

in alcohol and neutralised by addition of alcoholic

solution of fused sodium acetate when a white

amorphous precipitate settled down. The supernatant

liquid was acid to litmus but alkaline to methyl

orange. The precipitate was filtered off and the

filtrate tested for sulphur gave a negative result,

thereby indicating that all the sulphur-containing

substance was precipitated by mercuric chloride.

The precipitate was then decomposed by hydrogen

sulphide gas, and the filtrate, after getting rid of

the excess of hydrogen sulphide gas, was evaporated

to dryness. The white amorphous residue, soluble

injwater, Insoluble in dilute alcohol and giving

positive/
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positive sulphur test with sodium nitro-prusside

after fusion with potassium, could not be crystallised

from ordinary organic solvents.

This indicates that the amino acid containing

sulphur can be extracted by butyl alcohol by Dakin's

method, and that the amino acid so extracted yields

a volatile ester, though the yield is very small.

Before abandoning the attempt to obtain the

sulphur-containing substance in a pure crystalline

form, it was decided to try the esterification method

on hydrolysed gelatine.

First of all, 1000 gms, of gelatine were

hydrolysed with 3000 c.c. of concentrated hydrochloric

acid for 30 hours by boiling on a sand-bath under a

reflex condenser. After evaporation of the hydro¬

chloric acid in vacuo the dark brovrn syrup was

dissolved in three litres of absolute alcohol and

dry hydrochloric acid gas passed through to satur¬

ation. After evaporation of the alcohol in vacuo

(bath temperature below 40°) the dark brown syrup

was dissolved in 1-g- litres of absolute alcohol and

esterified a second time. After allowing to stand

in ice-box for 36 hours, the crystalline glycine

ester hydrochloride that separated was filtered

through glass-wool. The hydrochloride precipitate

thus separated having given a positive sulphur test,

it was washed with absolute alcohol and then &her

twice alternately until the precipitate gave a

negative test for sulphur. From the filtrate

united/
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united with the washings, alcohol and ether were got

rid of by evaporation in vacuo (bath temperature

below 40°), and the resulting dark brown syrup

dissolved in one litre of absolute alcohol and two

litres 'of anhydrous ether and the esters separated

by Pribram's method from their hydrochlorides by

passage of dry ammonia when surrounded by freezing

mixture for about eight hours, when it was markedly

alkaline. Ammonium chloride precipitate was then

filtered off, the precipitate was washed with alcohol

and ether and washings added to the filtrate. Al¬

cohol and ether were then removed by evaporation in

vacuo below 40° and the resulting dark brown syrup

subjected to fractional distillation in vacuo.

(a) Water pump and water bath .

(b) Oil pump and oil bath (temperature 160°)

During the dis tillation with oil pump the

distillate was cooled by freezing mixture and a wash

bottle immersed in calcium chloride freezing mixture

interposed to collect the alcohol vapours between

the receiver and manometer. Pressure came down to

2 mm. but gradually went up to 8 mm., the calcium

chloride freezing mixture evidently not being able to

keep the pressure constant.

The distillate with oil pump consisted of a

yellow liquid, weighing 48.5012 gms. One drop of

it on fusion with potassium gave with sodium nitro-

prusside a marked violet red coloration. One drop

of it on addition of a few drops of nitric acid

produced/
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produced a violet red colour, deepening on standing.

It turned light brown on making alkaline with sodium

hydroxide, and it also turned brown on boiling it

continuously. This is a new colour reaction that

will be investigated.

To remove phenyl alanine ester and leucene

ejter, 50 c.c. of the yellow liquid were dissolved in

150 c.c, of water, and extracted with ether. Ether

was then washed with water and the washing added to

the aqueous portion. The aqueous solution measuring

400 c.c., which was strongly alkaline in reaction,

was hydrolysed by boiling under a reflex condenser

in sand-bath for 5|r hours until it was no more alkaline;

in reaction. Then it was evaporated to dryness in

vacuo and the white residue extracted with minimum

water and crystallised .by addition of absolute

alcohol when hot till a permanent turbidity appeared.

On standing a white substance crystallised out. The

crystalline appearance was not 'well defined, it was

like a cluster of needles round a central mass. it

was filtered off and tested,

(1) It was easily soluble in water and nearly

insoluble in absolute alcohol,

(2) On fusion with potassium it gave with sodium

nitro-prusside a violet red coloration.

(3) No violet red coloration with nitric acid was

observed.

(4) Recrystallised from dilute alcohol.

(5) The crystalline appearance was a star shaped

collection/
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collection of needles.

(6) It melted at about 257° sharply with decomposition,

(7) It gave precipitate with 5% mercuric sulphate

solution in 5/ sulphuric acid solution when

neutralised by sodium hydroxide.

(8) It gave a white precipitate with mercuric

chloride solution in presence of sodium acetate.

(9) It gave a blue colour when boiled with ninhydrin.

(10) When heated on a platinum piece it charred,

melted and burnt off leaving no residue, indicating

it to be organic and that it contained no inorganic

impurity.

(11) The recrystallised substance gave a violet rid

colour with sodium nitro-prusside.

To obtain more of the substance,the mother
6

liquor which when evaporated to dryness gave a

positive sulphur test, was crystallised from dilute

alcohol. The crystals contained a few needles and

plates. The sulphur test was not distinct. The

mother liquor was therefore precipitated with

saturated mercuric chloride solution ana neutralised

by sodium acetate to obtain the substance containing

sulphur free from other acids if possible. The

precipitate was washed with water twice, suspended

in water and decomposed by hydrogen sulphide gas.

After evaporation of excess of hydrogen sulphide gas

by boiling mercuric sulphide was filtered off. The

white residue obtained on evaporating the filtrate

gave a positive test for sulphur but contained

inorganic/



inorganic impurit;/ and was too little to carry out

any further experiment.

Then the ether extract was examined. After eva¬

poration of ether a yellow liquid remained behind.

5 c.c, of it were mixed with 10 c.c. of water, when

a yellow oil separated out. The oil separated out

gave violet red colour test with nitric acid. Then

the question arose whether this test with nitric

acid is characteristic of phenyl alanine ester, and if

so, to what degree it is sensitive; this has to he

investigated.

The oil was washed with 10 c.c. of water and

washing added to the aqueous solution. The aqueous

solution, alkaline in reaction, was hydrolysed ,by

boiling under a reflex condenser for 4-§- hours until
it v/as no more alkaline. It was then evaporated

in vacuo until crystals began to appear. Filtered

off the crystals - stellate shaped collection of

needles. A small crystal on fusion'with potassium

gave a violet red colour. It was recrvstallised from

dilute alcohol. The recrystallised substance gave

only a faint violet colour on testing with sodium

nitro-prusside after fusion with potassium. It did

not melt up to 280°. It sublimes markedly when

heated in a test-tube. It was probably leucine

contaminated with a trace of sulphur-containing

substance. The second and third crop of crystals

were rhomboidal plates, shining crystals, subliming

markedly when heated. It did not wet easily and

gave/
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gave a negative sulphur test.

This suggested- that the ether extract contained

mainly phenyl alanine, leucine, and probably iso-

leucine and only a trace of the sulphur-containing

substance.

The dark brown residue was again subjected to

vacuum distillation with oil pump and oil bath, but

this time the.vacuum being kept constant at 2 mm.

by interposition of a wash-bottle immersed in liquid

air between the receiver and manometer. The temper¬

ature of the oil bath was kept at 155-165°. A

yellow liquid, a drop of which gave a positive sulphur

test, distilled off. It was then dissolved in equal

volume of water when no oily substance separated,

probably indicating that there was not much phenyl

alanine. It gave no violet colour with nitric acid,

It was then hydrolysed by boiling with six times the

volume of water under a reflex condenser till no

more alkaline. It was evaporated to dryness in

vacuo, the white residue extracted with minimum

water and crystallised by addition of absolute

alcohol when hot. On standing fine crystals

separated. They had the appearance under micro¬

scope of clusters of thin plates.

(1) A crystal on fusion with potassium gave a violet

red coloration with sodium nitro-prusside.

(2) Solution in water was boiled with cupric hydroxide,

prepared from cupric chloride, and filtered. The

blue filtrate was evaporated on water-bath and

crystallised/
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crystallised by addition of absolute alcohol. Well-

defined crystals, hexagonal and square plates,

separated out. The copper compound crystals gave

positive sulphur test. It was not enough to do

melting point determination,

Thus with the hope that at 0 mm. pressure and

high temperature the sulphur-containing substance

might be distilled in a pure crystalline form by

esterification method from gelatine and with a view

to find in what proportions the sulphur existed in

the distillates and residue, the experiment was

repeated with 250 gms. of gelatine. Hydrolysis,

esterification twice, separation of the glycine

ester hydrochloride, separation of the esters from

their hydrochlorides, evaporation of the alcohol and

ether, and distillation with water pump and water

bath were carried out exactly as in the previous

experiment. But distillation with oil pump and oil

bath was carried out at 0 mm. pressure by combined

use of cocoanut charcoal and liquid air. Cocoanut

charcoal, enclosed in a glass tube and heated

previously to 180°-200° in vacuum and immersed in

liquid air after cooling, and a wash bottle immersed

in liquid air were interposed between the manometer

and receiver which was surrounded by freezing mixture.

They kept the vacuum constant at 0 mm. The

temperature of the oil bath was kept at 150°. At

the cool upper part of the distilling flask

transparent crystals collected. They absorbed

moisture/
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moisture on exposure to air and vapourised away

Tfeight of the distillate with water pump
and water bath 61.58 gms

Weight of the distillate at 0 mm
pressure and 150° C. 16.184 "

Sulphur as determined by von Liebig's method.

In the main solution 0.5812 gms

In the distillate with water pump 0.07709
u

In the distillate with oil pump
at 0 mm. 0.03221 "

In the dark brown residue left
behind - 0.4533 t!

Prom this it will be seen that the major portion

of sulphur remained in the dark brown residue.

Distillate with oil bath (150°) at 0 mm. pressure.

3.623 gms. were hydrolysed by boiling with 30

c.c. of water under a reflex condenser till it was

no more alkaline. The volume was made up to 50 c.c.

and 10 c.c. removed for sulphur determination,and

5 c.c. for nitrogen determination. The rest of the

liquid hydrolysed similarly was added to the rest of

the first hydrolysed portion, and the whole evaporated

to dryness in vacuo. The white residue was extracted

with mimimum water and added to an equal quantity of

absolute alcohol when hot and allowed to stand over¬

night. Star-like collection of wedge-shaped needles

separated out. The crystals were soluble in water,

nearly soluble in alcohol, gave a positive sulphur

test/
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test, were found to have no inorganic impurity and

capable of giving a precipitate with 5/ mercuric

sulphate in 5;i sulphuric acid on neutralisation with

$ol& and mercuric chloride in presence of sodium

acetate. Assuming that it was a pure sulphur-

containing substance, to determine the melting point
t

and to determine the composition, it was recrystallised

from'"dilute alcohol. The melting point determination

was not very satisfactory. It was found to turn

brown at 230°G,, darken at 2 4QC G. and then gradually

decompose and to melt at about 25*7°C» It was

supposed that this might be due to decomposition.

Hence the composition was determined thus:

Hitrogen by micro-Kjeldhal = 12.16/
The remaining 0.0559 mgms. were sent to Br Weil of

Munich for micro-analysis. His findingswere as

follows:-

(1) It contains no sulphur,

(2) 20.550 sg. of the substance gave 37.060 carbon
dioxide and 17.035 water.

Therefore by calculation,

the percentage of carbon = 49.21
hydrogen = 9,275
nitrogen. = 12.16
oxygen = 29.354

From this it is seen that sulphur-containing

substance was only a trace and was contaminated with

probably proline. The analysed salt looks like

impure proline.

Finally the dark brown solid that contained

the/
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the major portion of the sulphur was examined. It

was dissolved in water, hydrolysed by boiling with

concentrated hydrochloric acid for 24 hours, hydro¬

chloric acid evaporated off in vacuo, solution of

the residue neutralised to litmus by sodium hydroxide.

After allowing it to stand for 24 hours, it was

filtered and filtrate precipitated with 5% mercuric

sulphate in 5% sulphuric acid and neutralised by

soda. The precipitate was decomposed by addition

when hot of barium sulphide to the suspension of

the precipitate in water. The reaction was now

alkaline. The barium sulphate and mercuric

sulphide filtered off, excess of barium sulphide

removed by lead acetate, and excess of lead removed

by hydrogen sulphide gas. After boiling off the

hydrogen sulphide gas, the filtrate from lead
sulphide evaporated in vacuo to dryness. Although

it contained no sulphate nor sulphide radical and

it gave a positive sulphur test with sodium nitro-

prusside after fusion with potassium, it contained

barium and sodium chlorides as impurities. It was

again reprecipitated with saturated solution of mer¬

curic chloride. The precipitate was maximum when

It was alkaline. The precipitate was filtered off

and washed three times with water. It was then

decomposed by hydrogen sulphide gas, excess of

hydrogen sulphide removed by boiling, mercuric

sulphide filtered off and filtrate evaporated to

dryness. The residue still containing sodium

chloride/
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chloride as impurity, it was dissolved in methyl

alcohol and esterified by passing dry hydrogen

chloride gas to saturation. It was then filtered

off from inorganic impurities, methyl alcohol

removed by evaporation in vacuo (bath below 40°)

and the ester hydrochloride ( 8 c.c. in volume)

hydrolysed by boiling with 80 c.c. of water on sand-

bath for six hours. It was then evaporated to

dryness in vacuum. A gummy brown substance left

behind still contained a little inorganic impurity.

It was dissolved in alcohol and filtered. The

alcoholic protein evaporated to dryness gave a

brown hygroscopic substance, organic in character,and

containing sulphur. This resembled the brown

hygroscopic substance obtained from ergot and egg

albumen. It was too little &ee>—Idrt^ie to carry out

any further experiments.

Thus all attempts to isolate the sulphur-

containing amino acid in a cure crystalline form

were frustrated. Although the new sulphur amino

acid gives an ester which can be distilled umder

greatly reduced pressure, the ester appears to undergo

decomposition on heating to a non-volatile compound;

for the major portion of the sulphur remains behind

In the distilling flask among the dark brown residue.
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II. UREASE AND ITS CO-ENZYME.
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II* Urease and its Co-enzyme,

Although much work has been done on the

chemical changes involved in the zyreolysis of urea,

inhibitory effects of certain salts, bases and acids

on urease action and promoter effects of gycine, and

amino acids, no work has been done on its co-enzyme

after the first publication of Onodera1 s work'"*"' on

the subject.

Onodera indicated the presence of eo-enzyme

in fresh enzyme prepared from Soya bean although he

could not isolate it and find its nature. He

suggested the possibility of two components of the

co-enzyme fixed and free. In his experiments the

enzyme was allowed to act at room, temperature for

varying long periods. In the following experiments

the enzyme was allowed to act for two hours at the
S~

optimum temnerature 50-50°.
,£2)

After Takeueims discovery of a plentiful

supply of urease in Soya bean., it has been the

recognised source of supply, For these experiments

enzyme was prepared from Soya bean meal by Van
(3)

Slyke's double precipitation method "by acetone,

sometimes preceded by ether extraction. Urea re-

crystallised twice from dilute alcohol and dried in
air was used. ' lf& solutions of urea and urease were

the strengths of the solutions. To prevent

bacterial decomposition a few c.c, of chloroform were

used/
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used both in the preparation of 1% urea and urease

solutions and they 7/ere made at short intervals of

two or three days. The solutions tested by

Messier1s reagent showed that they did not contain

any trace of ammonia. For dialysis collodion sacs

were prepared from Mecol solution, which was kept

for 24 hours before use. The composition of the

ilecol solution was - Meeol = 100 c.e.
absolute alcohol = 75 c.c.

Anhydrous ether = 25 c.c.

Distilled water kept in a tall glass jar and later

running tap water was the dialysate employed.

During dialysis the enzyme was covered with toluene

to prevent bacterial decomposition.

The testing of the activity was carried out by

allowing the enzyme to act for two hours at the

optimum temperature 50-55°, then the action arrested

by addition of 20-25 c.c. of sodium hydroxide and

aspiration done by water pump after addition of a

few c.c. of amy! alcohol to prevent frothing. At

first aspiration was done at 50-55°: later it was

done at room temperature. Within 3-6 hours the

whole ammonia was aspirated and collected by ll/lO

sulphuric acid. By back titration with ll/lO sodium

hydroxide solution the amount of ammonia generated

was estimated. Messierfs reagent was used to test

the completeness of aspiration.

The following points were noted in the

dialysis: -

CD /



Dialysed
Enzyme

Urea
c.c.

Dist.
Water
c.c.

Action N/lO Ammonia

5 c.c.

it

25

1!

15

ii

2 hrs
at
50-
55°

2.7)
) 2.65 e.c.

2.6)

Control

5 c.c. 25 15 40.3 c.c.

34.

(1) Pjj of l.Q% enzyme as tested by universal
indicator was at the start 7-7.5 and after

dialysis for five days 5.0.

(2) A marked turbidity was observed in the dialysed

anzyme which was not found in the control.

(3) The control did not lose its activity completely

even after a month, although it gradually

deteriorated in its activity.

Experiment I.

Activity of the enzyme was lost by dialysis.

1% enzyme was dialysed for 6 days, the dialysate
being four litres of distilled water in a tall glass
jar.

Experiment II.

This inactivation of the enzyme was very slow when

the dialysate- was not changed and equal in volume

to the enzyme. 50 c.c. of the enzyme were allowed

to dialyse in a wide tube containing 50 c.c. of

distilled water and both covered by toluene.

Dialysis/
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Dialysis Dialysed
Enzyme

Urea
c.c.

Dist,
Water
c.c.

Is/lG Ammonia

6 days 5 c. c. 25 20 25.7 c.c.

8 days O C • c • 25 20 23.9 c.c.

1 month 5 c. c. 25 20 1.1 c.c.

These fig-ores are to he compared with the figures

of experiment I where the dialysate was 4 litres of

water.

This inactivation of the enzyme might he due

to the escape of some component into the dialysate,

and when the dialysate is small in volume this

dialysis might he slow; hut experimenting with the

dialysate neither enzyme nor co-enzyme was found in

the dialysate.

Experiment III. Dialysate contains neither enzyme

nor co-enzyme.

(a) Dialysate was four litres of water and dialysis
allowed for 8% days.

Dialysed
enzyme

Urea
0 • 0 •

Dialysate Dist.
"later
0 « 0 •

IJ/lO .Ammonia

5 c.c. 25 - 20 4.8 c.c.

5 o. c . 25 20 c.c. - 2.4 c.c.

- 25 25 - 1.2 c.c.

(h) Thinking that prohably the co-enzyme or enzyme

if it has escaped through the collodion sac, might

he in too dilute a condition in (a),experiment was

done with the dialysate, where the volume was 50 c.c.,

equal in volume to the enzyme, and dialysis allowed
till the enzyme was inactivated after a month.

Dialysed/
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|Dialysed
Enzyme

Urea
c. c.

Dialysate
c. c.

Dist.
Water
c. c.

N/lO Ammonia

5 c«c .

5 c « c •

25

25

25

5

5

20

15

20

1.6 c•c•

0.9 c.c.

0.5 c.c.

In this experiment only 5 c.c. of the dialysate was

used as its volume was equal to that of the enzyme.

Experiment IV.

Enzyme inactivated by dialysis is activated by

fresh enzyme.

(a) Dialysis was allowed for days and dialysate

was four litres of distilled water.

Dialysed
Enzyme

Urea
c.c.

1% fresh
enzyme

Dist.
water
c.c.

—

U/lO Ammonia

5 c.c. 25 - 20 4,8 c.c.

5 c.c. 25 1 c.c. 19 26.6 c.c.

- 25 1 c.c. 24 2.6 c.c.

(b) Dialysis was for 12 days and dialysate was

running tap water.

Dialysed
Enzyme

Urea
c.c.

1% fresh
enzyme

Dist.
water,
c.c.

N/lO Ammonia

5. c. c.

5 c.c.

(Control)

25

25

25

25

1 c.c.

1 c.c.

20

19

24

25

0.1 c.c.

9.00 "

0.60 "

0.00 "

(c) /
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(c) In this case the fresh enzyme used was prepared

by preliminary extraction of Soya bean meal by ether

previous to the application of Van Slyke's method.

This enzyme is more active than the Van Slyke

enzyme. Dialysis was done for five days with

running tap water as dialysate.

Dialysed
enzyme

Urea
c. c.

Presh
enzyme
c. c.

Dist.
water
c. c.

U/lO Ammonia

5 c.c. 25 - 20 1.2 c.c.

5 c. c. 25 1 19 25.7 c.c.
■

25 1 24 6.6

Enzyme inactivated by dialysis was also observed to

be inactivated by pressure filtrate through collodion

sac. The collodion sac prepared for this pressure

filtrate was made from the same Neeol solution, but

made thicker and transparent by making it in three

layers. A sketch of the apparatus used for the

pressure filtrate is given on the following page.

Sketch /
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After filling the collodion sac .and half of

the bottle with 1% enzyme free from air, A. was

screwed on and then it was subjected to a pressure

of 15-18 cm. of mercury by pumping in air with a

cycle pump-. The pressure gradually went down with

the filtration but- kept up by pumping in air -again,

(a) Dialysis for 6 days with running .tap water as

dialysate was allowed and the dialysed enzyme used.

'The pressure was only 13 cm, of mercury maximum

in this case.

Dialysed/
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Dialysed
enzyme
c. c.

1%
urea

c.c.

Pressure
filtrate
c. c.

Dist.
water
c. c.

N/lO Ammonia
c.c.

5 25 20 Action 2.4
- at
5 25 5 15 50-55° 12.5

for
5 25 5 15 2 15.0

hrs.
5 25 5 20 2.1

5 25 5 20 1.3

; (b) Dialysis was for six days and dialysate was

running tap water. The pressure filtrate was

collected between 15-18 cm. of mercury and 1%

enzyme (Van Slyke's preparation) used.

Dialysed
enzyme

. c. c.

Urea
c.c.

Filtrate
c.c.

Dist.
water
c. c.

Total

c.c.

ll/lO Ammoni
e. c.

5 25 - 20 50 2.1

5 25 5 15 50 CO • o

5 25 5 15 50 12.8

5 25 5
I

20 50 0.05

These experiments dispel the doubt that has

been expressed about Onodera's work on the co-enzyme

and confirm his inference that a co-enzyme is present
I

in a fresh solution of urease and it is lost by

dialysis and is not present in the dialysate which
does not contain the enzyme either. Further it

has /*
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has been shown that the co-enzyme is filterable

through collodion sac under pressure, while the

enzyme does not pass through the sac even under

pressure. This is a new fact found out and it is

important in the investigation of the nature of the

co-enzyme, as the co-enzyme is obtained separate

from the enzyme in the pressure filtrate.
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Different Methods of Preparation of Urease and

their Activities.

1• Tell-known Van Slyke's double „precipitation
method.

200 gms. of Soya bean, meal were mixed with

(5 times) 1000 c.c. water and allowed to stand over¬

night covered with toluene. It was then filtered

through linen in a Buchner funnel with suction. The

filtrate concentrated in vacuum to 200 c.c. (bath

temperature below 50°) was precipitated from 2000 c.c.

of acetone. The coagulated mass filtered off through

linen in a Buchner funnel with suction was dissolved

again in 200 c.c. of water and reprecipitated from

ten times the volume of acetone. The precipitate

was filtered off and dried in vacuum over sulphuric

acid. The white precipitate just after filtration

was not sticky but when exposed to air before drying

absorbed moisture and became brown and sticky.

Yield = 20 gms.

2. Extraction with ether preliminary to Van Slyke's
precipitation method was done.

20 gms. of Soya bean meal were extracted with

ether in a Soxhlet apparatus for six hours. It was

jthen mixed with 100 c.c. of water and allowed to
stand over-night covered by toluene. The filtrate

was precipitated from ten times the volume of

acetone, the precipitate filtered off and dissolved

again in water and reprecipitated from ten times
the volume of acetone. The precipitate filtered

and dried in vacuum over sulphuric acid weighed 2 gms.

3./
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3. Purification by N/lQ barium chloride solution
and precipitation by absolute alcohol.

20 gms. were extracted with ether for six

hours. It was then mixed with (five times) 100 c.c.

of water and allowed to stand over-night.covered by

toluene. The filtrate made up to 100 c.c. was

mixed with 50 c.c. of N/lO barium chloride solution.

The white precipitate produced was filtered off

through pleated filter paper. Filtrate was

precipitated (80 c.c.) by pouring into 500 c.c.

of absolute alcohol. The white amorphous precipitate

was filtered through hard filter paper with suction

and dried in vacuum over sulphuric acid.

Yield = .4358 gms.

The use of barium chloride N/lO solution in

the preparation of urease is a new method. The

barium chloride solution gave a precipitate with

urease solution. The precipitate when tested gave

no signs of urease activity while the filtrate was

active. Hence this procedure was adopted in the

preparation. The enzyme prepared by this method

looks white and perhaps is purer than the Van

Slyke's preparation. Passing carbon dioxide through

enzyme solution produces also a marked precipitation

but though carbon dioxide did not inactivate the

enzyme, the filtrate-was not sufficiently active to

suggest its use in the preparation.
The strengths of these enzymes prepared by

different/



different methods were tested by Van Slyke's
standard solution which contains -

KgHP04 = 43 gms (i mol)

K HgP04= 34 gms ( i mol)

Urea = 60 gms.

Distilled water to 1 litre.

The activity was tested by allowing 5 c.c. of 1%
solution to act on 5 c.c. of standard solution at

50-55° for two hours and then estimating the ammonia

formed as usual.
N/lO Ammonia

(1) Enzyme prepared by Van Slyke's
method 49.6 c.c

(2) Enzyme prepared by ether
extraction combined with
Van Slyke's method 52.2 c.c

(3) Enzyme purified by barium
chloride and precipitated
by absolute alcohol 53.9 c.c


