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ABSTRACT 

An analytical study of gum samples from three species of the 

genus Lannep showed them to have similar chemical properties, 

suggesting that interspecies variation in this genus is unlikely 

to be large. Molecular-sieve chromatography indicated, a broad 

molecular weight distribution for these gums. 

A sample of Lannea humilis gum was subjected to hydrolysis, 

Smith degradation, and methylation studies, and these revealed its 

molecular structure to be based on a branched galactan framework 

of short chains of 0-1..3-linked4-galactose residues joined by 

193- and. 0'I,6'linkages. To this framework, at suitable C3 and 

G.6 positions, are attached short a-.galactoae  and kiarabinose  side 

chains, and three different uronic acids. The mode of attachment 

Of 	trhamnose is uncertain. From an acid h.ydi'oly sate of the gum, 

the unusual aldobiourcnio acid. 	1'..galactopyranosyluronjc 

acid) j*galaot ose, and the more common 6..0.( $-gluoopyranosyluronic 

aøid) D-galaotose and 6-0.' (..fr.methyl.'$u.i.'gluoopyrenoayluronio acid).' 

-galactose, were isolated and characterised. 

Two samples of Asadir'chta indLpp gum, from different 

botanical sources, were found to contain an amino sugar (ca. 2)) 

and much proteinaceous material (ca. 35). Attempts to remove 

protein, using common denaturing agents, were unsuccessful, but 

better results were achieved by enzymic hydrolysis. The amino acid 

composition of each sample was determined. Molecular-sieve 

chromatography of Asadirachta ind.tca gum, using a denaturing 

solvent, revealed degradation of one of the peaks in its elution 



diagram; a portion of gum (2 g) was fractionated by molecular-

sieve chromatography, and the two samples of Jzadirpohtp indica 

gum and these fractionation products were compared. 

An automated colorimetrie method of molecular-sieve chromato-

graphy was developed and evaluated. It was found to be inexpensive, 

rapid and to give reproducible results, although some difficulty 

over relative peak heights was encountered. 

Preliminary studies were made on a comparison of two methyl 

ation methods and on the electrophoresis of dyed polysacoharidea. 
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Plant gums, which are exuded by some tropical and subtropical 

trees and shrubs, are high molecular weight, acidic polysaccharides, 

existing as nearly-neutral salts in the natural state. They have 

been employed for a wide variety of functions, such as adhesion and 

colloid stabilisation, for many years, and have been considered for 

centuries to be therapeutic agents by the natives of Africa, India 

and parts of Asia. 

In the past 7-10 years, there has been much chemical investi-

gation of both analytical and structural aspects of gum exudates; 

this is the subject of a recent review. These investigations 

have been facilitated by the development of sequential periodate 

degradation (Smith degradation) studies (2),  which provide 

information about the structural framework of the gum molecule, and 

by further developments in technique and materials for all forms of 

chromatography. The emergence of molecular-sieve ohomatography, 

a technique of column or thin-layer chromatography in which 

fractionation is based primarily on molecular size, is of importance, 

as it is well suited to the study of macromolecules. 

The botanical classification of gum-producing plants is well 

established, and attempts have been made to relate plant taxonoirr 

to results of chemical analyses of the gum exudates. It has 

been found that taxonomy can give useful indications of gums likely 

to prove chemically interesting, but the importance of studying 

only botanically authenticated specimens has been stre3zed'6, 

commercial mixtures and unauthentioatod samples yielding results 

of little permanent scientific value. 



Some recent studies have been focussed on the protein 

component of plant gums, a feature of the molecules hitherto 

largely ignored, and preliminary surveys of amino acids present in 

the protein component of gums from two ,rauparia, one Aopoia 

and. one Combret1(8)  species have been made. Molecular-sieve 

chromatographic studies of Acacia ownpylaoantl 	have shown 

the bonding between protein and carbohydrate components to be 

complex, involving hydrogen bonds and other mechanisms of aggre-

gation, but probably not involvin.g covalent protein-polysacoharid.e 

linkages. 

Most of the work performed on gum exudates thus far has 

centred on the (admittedly commercially important) Aoacia gums, with 

some revival of interest in the genus 	 Other chemically 

interesting genera have meanwhile remained on the sidelines. Good, 

authenticated samples of gums from the Lannea and Azpdiraohtp 

genera have come into our possession, so the opportunity was taken 

to investigate these: interest in these samples was stimulated by 

confusion over chemical results reported in the literature for a 

Lannea gum, and by the unusually high nitrogen content of an 

Aza&Lz'aohtp gum. 

This thesis comprises two main studies. Samples from three 

species of the genus Lannea are compared (Section lilA) and one of 

these samples, Lannea humili,e gum, is subjeoted to a detailed 

structural examination (Section III B). Azadj.z'aohtp indica gum is 

found (Section Iv) to possess an amino sugar, and a high content of 

proteinaoeous material; the proteinaceous component is studied. 



In Section V, a description is given of a subsidiary study, 

involving the development and evaluation of an automated colon-. 

metric method of molecular-sieve ohromatography. 
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E)URIMENTAL METHODS 
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2.1 	1ALMTHOD3 

Weighings. All accurate weighings were made within the range 

of the graticule scale (range, 0-100 mg) of a Stanton Unimatic Model 

CL I single-pan balance, having an accuracy of ±0.1 mg. 

alyses of polysacoharides, to remove low molecular weight 

material, were carried out in cellophane tubing (Kalle Aktien-

geseUsohaft, Wiesbaden) against running tap-water unless otherwise 

stated.. 

Electrodialyseo of polysaocarid.es  were carried out in a three. 

compartment cell fitted with cellophane membranes; the poly-

saccharide solution in the middle compartment was stirred continuously, 

and cooled by passage of cold water through a cooling coil. 

Reductions in volume were carried out on a rotary evaporator 

at temperatures below 400C. 

Lloisture contents were determined by heating to constant 

weight at 105°C. 

Ash contents were determined by heating to constant weight in 

a muffle furnace at 5500C. 

Nitrogen contents were determined by a semi-micro Kel&thl 

method. 

c)n, hydrogen and nitrogen contents were determined using 

a PerIcin-lmer 240 Elemental Analyzer. Correction was made for 

moisture content of the gum samples. 

Methoxyl contents were determined by a vapour-phase infrared 

method. 10,11) 
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on eleotrodialysed poly-

saccharides were carried out by direct titration with standard 

(ca 0.01N) sodium hydroxide solution, using phenolphthalein 

indicator. 

Uronic acid contents were determined, after acidic deoarbo,rl-

ation, by a vapour-phase infraredmethod(U) , using a spectrometer 

calibrated for known weights of carbon dioxide by the sodium 

carbonate method( 11) . Values for uronic acid content are expre..sed 

as the anhydride. 

t 4 t±ve estimation of sugars. Sugars were separated by 

chromatography on previously washed Whatman No. 3M papers. After 

elution from the paper, sugars were estimated oolorimetrioally by 

the phenol-sulphuric acid method. The optical density was read 

on a Unicnn 3P1300 spectrophotometer using filter 2. Calibration 

curves were constructed for known weights of sugars. 

Melting points were observed on a Kofler hot stage microscope 

(thermometers corrected). 

2.2 	YJIBL METHODS  

pecifio rotationa of aqueous or chloroform solutions were 

measured using the sodium D-lines, with a Perkin-Elmer liodol 11 

Polarimetor at 20 ±2°C. 

Viscosity d.etennihaions were carried out in M-sodium chloride 

solution in an Ubbelohde suspended-level dilution viscometer at 

25.00 ±0.010C. Solutions were filtered carefully before additions 
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were made to the viscometer. Flow-times were measured to within 

0.1 sec by means of a atop-watch. The isoionio dilution technique 

was used.; a solution of the gum (5 ml) was placed in the visoometer 

and the flow-time measured.Flow-times were also obtained for 

successive dilutions with U-sodium chloride solution (two additions 

of I ml each, followed by two of 2 nil). Since preliminary experi-

ments had indicated that any loss of gum from U-sodium chloride 

solution on filtering was negligible, concentration values were 

estimated from the dry weight of gum dissolved in a known volume. 

Por the low concentrations of gum employed, the densities of 

U-sodium chloride and gum solutions were assumed to be equal, and 

the results expressed in textis of the limiting viscosity number, [li]. 

[1] = urn 	= urn 
C 	0  

where 11 
SP 
 is the specific viscosity, '118P/0  the viscosity number, 

to  and t the flow-times in sec for solvent and solution 

respectively, and a is the concentration of gum (g/ml). 

Lizt-soattex'ing ineasurementa were carried out at 27.00 ±O.020C 

using a SOFICA photogoniodiffusometer Model 4.200. Unpolarised green 

light (546 nat) was selected from a mercury lamp spectrum by use of 

a 7ratten iodak N61 filter, 

Using U-sodium chloride solution as solvent, gum solutions 

(approximately 0.1 and o.z) were accurately prepared; the 
molecular weight was calculated as the average for these solutions. 

Chloroform was used, as solvent for methylated polysacoharides. 

Solutions were clarified by passage through filters of average pore 

size 0,4.5 pm and. 0.22 am Millipore, Ltd., Bedford, Mass., U.S.A.) 
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using a stainless-steel filter holder attached to a 20 ml syringe. 

Concentrations of gum solutions were assumed to be unaltered by 

ultrafiltration 

For each concentration, the intensity of scattered light at 

various angles between 3Q0
and 
 15()0  was recorded, and corrected scale 

readings, I(  , for angle 0 , were 	 from the equation:- 

(i i) sin  
.L 	= 	 • • • • 

1+ Cos 'O 

where I and I are the scale readings for polymer solution and 

solvent respectively. In an ideal solution, the molecular w'aight, 

, is obtained from the equation:- 

2 no  2 

= 
X4NR 	

'B • [d.n/dc 2 	[c/I j 	. . (2) 
0=0 

where no  = refractive index of solvent 

n 	= refractive index of solution 

N 	= Avogadro' 8 Number 

= wavelength of incident light (546 nm) 

R 	= Rayleigh constant of standard benzene (16.3 x 10 
for ). = 546 rim) 

a 	= concentration in g/ml 

'B = intensity diffused, selected for standard benzene 

dn/d.c = refractive index increment. 

An extrapolation method introduced by Zizwn' 6) for derivation of 

molecular weight from this equation, without making any assumptions 

about the shape of the macromolecule,, has been found to give 

unsymmetrical Zimm plots and was not 

If it is assumed. that M in equation (2) is independent of o , 

then:- 



I 	2n2 	
[do]2 	'B • 	. [I/I01 	S S (3) = 	 S 

IA 	 0=0 

R i.e., 	M 	
2ri 	• 	

B 	 n=0
a 

X4N 

The reciprocal corrected scale reading I/I , is plotted against 

/2 . 4xtrapolation of the linear portion of this graph to 

0 = 0 gives a value for [1/10] 	• The downward curvature of 
0=0 

these graphs at low angles is thought to be caused by scatter from 

dust particles suspended in solution (17)* 

Refractive index inoremerts,.. dnido, were determined using a 

Brice-Phoenix Differential Refractometer 
(18),  for green light 

(54.6 rim) at 280C. The average of three doterminations, for poly-

saccharide concentrations of 2,, 31  and 4,,' in M'.sodium chloride 

solution, was taken. 

The instrument scale readings r0  and. r180  , for positions 

of the differential cel]. at 00  and 1800,  respectively, are obtained 

for solvent and solution. This gives:- 

Ar = (r180-r0)(r180..r,) 	. 	. . . . (5) 
solution 	solvent 

The refractive index difference, An , is calculated from:- 

An = k.Ar 

where k is the instrument calibration constant. The refractive 

index increment, dn/do , is then obtained from:.  

an  = k.r 	 S 	
• S (7) do 	0 
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The constant Ic was determined by application of equation (7) to 

standard sucrose solutions. 

Infrared 51)ootrospol'y was carried out using a Hilger-Watts 

H. 1200 double-beam grating spectrophotometer. 

Ultracentrifugation was carried out using a Beekman-Spinco 

Model 2 Analytical Ultraoentrifuge. Polysacoharide solutions 

(0.5 in 0.514-sodium chloride solution) were examined at 44,770 r.p.m. 

After the ultracentrifuge had attained this speed, the boundary 

patterns, obtained by the Sohlieren optical system, were photographed 

at 16 min intervals. 

2.3) C1ICAL 2HODS 

EmaU-scale polysagphari4ehy ).ye were carried out with 

N-sulphuric acid for 7.5 hours on a boiling water bath, unless other-

wise stated. These conditions do not cause any extreme hydrolysis of 

ux'onosyl linkages in the polysaecharid.es studied in this investigation; 

this was taken into account when determining proportions of galactose. 

1-tydrolysate solutions were neutralised with barium carbonate, 

filtered, d.eionised with Amberlite IR-.120(F) resin, and. concentrated 

on a rotary evaporator. 

Small-scale Polysaccharide zethylatjons. 

(a) Haworth. Methylations were carried out in an atmosphere 

of nitrogen at room temperature. Dimethyl sulphate (2 ml) and 

sodium hydroxide solution {2 ml, 30 (w/v)j were added dropwise 

with stirring to the polysaooharide (100-500 mg) in water (jo nil) 

over a period of 1 hour. Acetone (5 nil) was added to the reaction 



mixture, and six further additions of dimethy]. sulphate 02 ml) and 

sodium hydroxide (17 ml) were made, allowing 3 hours for each 

addition. After stirring for 12 hours, the reaction was stopped by 

heating at 600C for 30 mm, with nitrogen bubbling vigorously 

through the solution. The reaction mixture was cooled,, then 

neutralised. with N-sulphurio acid and made slightly acid. (pH 4.0). 

The methylated product was extracted into chloroform (t.. x 100 ml 

extractions) and the extract shaken with saturated sodium chloride 

solution (ca. 100 ml). The chloroform layer was separated., dried 

over anhydrous sodium sulphate, concentrated on a rotary evaporator 

and poured, with stirring, into light petroleum (b.p. 600-80o, 

Ca. 400 ml). The precipitated, methylated. polysaecharid.e was isolated., 

after filtration and drying, as a white amorphous powder. 

(b) Furclie and Irvine o)• The partially methylatod. product 

(100-400 mg) was dissolved in methanol (10 ml) and methyl iodide 

(jo ml). Silver oxide (1 g) was added in four batches of ca. 250 mg 

every 1.5 hours; the mixture was refluxed for 6 hours in the dark 

in a dry flask fitted with a water condenser and a calcium chloride 

tube. The mixture was cooled, filtered through sintered glass and 

the residue was extracted six times with hot chloroform (ca, 50 ml) 

Any dissolved silver ions were removed by passing hydrogen sulphide 

through the combined filtrate and extracts. The solution was re-

filtered, concentrated and poured., with stirring, into light 

petroleum (b.p. 60-800, Ga. 400 nil). The precipitated methylated 

polysacohax'id.e was isolated, after filtration and drying, as a 

white amorphous powder. 

(a) Anderson and. cree(21). The polysacoharide (ioo-.00 mg) was 



dissolved in dirnethylsulphoxid.e (25 ml). The solution was stirred 

and sodium hydride (200 mg) was added in small portions over 1 hour, 

foflowed by methyl iodide (0,5 ml) added over 2 hours, The solution 

was stirred. overnight. Three further additions of sodium hydride and 

methyl iodide were made on sucoossive days as described for the first 

addition* The resulting solution was poured into water (ca. 150 ml), 

excess methyl iodide removed by aspiration, then the methylated 

product extracted into chloroform (i x 100 ml extractions). The 

chloroform extract was washed with water, dried over anhydrous 

sodium sulphate, oorxentrated and poured, with stirring, into light 

petroleum (b.p. 600 80°, Ca. 400 ml). The precipitated, methylated 

polysaccharide was isolated, after filtration and drying, as a white 

amorphous powder. 

3mafl'soale olioaacohqr'ide methvlations (22,23)  The oligo. 

saooharid.e (0.5-2.0 mg) was shaken with methyl iodide (0.2 ml), 

N,N.-dimethylforrnainide (0.2 ml) and silver oxide (0.2 g)  at room 

temperature in the dark for 18 hours. The mixture was filtered and 

the residue washed with chloroform. The combined filtrate and 

washings were concentrated to a syrup on a rotary evaporator. 

ethanQlyses. Unless otherwise stated, methanolyses were 

carried out under reflux for 6 hours with methanolic 5% hydrogen 

chloride • Lfter cooling, solutions were neutralised with silver 

carbonate and. filtered. The residue was washed with methanol, and 

any dissolved silver ions were removed by passing hydrogen sulphide 

through the combined filtrate and, washings. After re-filtration, 

the solution was concentrated to a syrup on a rotary evaporator. 

Periodate oxidatLona of D23s8aopmaride5 were carried out in 



the dark at room temperature unless otherwise stated. 

(a) Consumption of periodate. The amount of periodate consumed 

by a polysacoharide was estimated by back-titration of excess 

periodate. To a portion (i ml) of the per-iodate solution was added 

excess potassium iodide and the iodine liberated was titrated, 

after addition of sodium bicarbonate (ca. 200 mg), with standard 

sodium arsenite solution (ca. 0.05N) using "Thyodene' as 

indicator 

(ii) Formic acid released was estimated titrietrioaiiy(25)  with 

standard sodium hydroxide (ca,, o.IN) for portions (i ml) of the 

solution. Methyl red was used as indicator. 

Moleouar weight of poLysaocharid.oa by end-group analysis was 

obtained by periodate oxidation of polysaccharide followed by 

colorimetric estimation of formaldehyde released using ohroxnotropic 

acid (26).  The polysacoharide (30-50  mg) was dissolved in p-bydroxy-

benzaldohyde solution [10 ml, 0.1% (w/v)j. This solvent prevents 

recombination of formaldehyde with oxypolysaooharide(27).  To the 

solution was added a portion (1 mi) of sodium metaporiodate solution 

such that a slight excess of sodium motaperiodate was present. At 

suitable time intervals, samples (i in].) were transferred to centri-

fuge tubes, treated with 0.5M-sodium  sulphite solution (1 ml) to 

destroy excess periodate, and with ethanol (4 ml) to precipitate 

the oxypolysacoharido. The tubes were stored for 2 days at 20C then 

centrifuged. Portions 0 ml) of the supernatant were treated with 

9 ml chromotropic acid reagent [2 g of the sodium salt of ohromotropio 

acid. (B.D.II., "for formaldehyde determinations") dissolved in a 

solution of AnalaR sulphuric acid (566 ml) and water (320 l)(28) 



- 13 - 

on a boiling water bath for 30 mm. After cooling, thiourea 

solution [2 ml, 4.6% (w/v)] was added., and the optical density was 

measured on a Unioam 3P1300  spectrophotometer using filter. A 

calibration curve for formaldehyde was constructed by periodate 

oxidation of solutions of AnalaR glucose, 0.5M with respect to 

sodium bicarbonate. Assuming production of one molecule of 

formaldehyde per average polymer unit, a value for number-average 

molecular weight, rn , of the polysaccharide may be calculated. 

2.4) CHROMATOGRAPHIC AND ELECTROPHORETIC SEPARATIONS 

Ion-exchange ohojatoggpby on dietyiaminoethyjoellulose 

(DEAE.cel1ulose)(29). DE"-cellulose powder (whatman DE32, micro-

granular form, 10 g) was treated with 0.5N-hydrochloric  acid (250  ml) 

for 30 xriin. After filtration and washing until the effluent pH was 

Ca. 4,  the exchanger was treated with 0.5N-sodium  hydroxide solution 

(250 ml) for 30 mm. After further filtration and washing until the 

effluent was neutral, the exchanger was equilibrated with 0.02M-

acetate buffer (pH 4.1).  Columns (45 x 1.3 cm) were packed by 

continuous addition of a slurry of the exchanger (the column outlet 

being opened after the first 2 on of exchanger had been packed) and 

allowed to settle. Samples (5-10 mg) of polyaaooharid.es  in buffer 

(1 ml) were washed into the columns with excess of buffer; elution 

of the acidic polysacoharidee was performed by application of a 

sodium chloride concentration gradient (0 -.o.5M) in 0.021t1-acetate 

buffer (p11 4.1) with total elution volume of 250 nil. Fractions 

(2.1 ml), collected using an automatic collector, were screened by 



the phenol-sulphuric acid methodW) e The optical density of eaoh 

fraction was read on a Unicam SF1300 speotrophotometer using filter 

2. 

'ater ohrmtogapy of auaz's was carried out on Whatman 

No. I papers, using the following solvent systems (v/v):.. 

benzenes  butan-1-o]., pyridine, water (1:5:3:3, upper layer) 

ethyl acetate, pyridine, water (10::3) 

(o) acetic acid, ethyl acetate, formic acid, water (3:18:1:) 

(a) acetic acid, ethyl acetate, formic acid, water (8:18:3:9) 

(e) butan-1'ol, ethanol, water (:i:5, upper layer) 

(r) ammonia (. 0.88), butan.2-one, water (1:200:17) 

acetic acid, butan-2-one, water (1:9:1, saturated with 

boric acid) 

bztan-1-ol, ethanol, hydrochloric acid (o.IN) (1:10:5) 

butan-f"ol, ethanol, phosphoric acid (o.IN) (i:io:). 

Before using solvents (li) and (i), papers were dipped in an 0.3M-

sodium dihydrogen phosphate solution and. air-dried. 

The following spray reagents were used: - 
Aniline oxa].ate. Reducing sugars were detected by spraying 

ohromatograms with a saturated solution of aniline oxalate in 

ethanol, water [1:1 (v/v)], then heating at 1500C  for ca. 5  mm. 

Silver nitrate. Reducing sugars and sugar alcohols were 

detected by dipping chromatograms in silver nitrate reagent, 

prepared by adding saturated aqueous silver nitrate solution (1 ml) 

to acetone (100 ml), followed by sufficient water to redissolve the 

precipitate which formed. After drying, chromatograms were sprayed 
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with aqueous ethanolic N-sodium hydroxide solution [water, 

ethanol 1:9 (v/v) 1. Chromatograms were preserved by treatment 

with 10, (w/v) sodium thiosuiphate solution then washing with 

water. 

(3) Periodate-perinanganate. Reducing sugars and sugar alcohols 

were detected by spraying chromatograms with a mixture of 1+ parts 

of 2, (w/v) sodium metaperiodate solution to I part (by volume) of 

i> (w/v) potassium permanganate in 2 (w/v) sodium carbonate 

solution. After 10 mins, excess permanganate was removed by 

washing with watere 

values of sugars refer to distances moved relative to that of 

the solvent front. Rgal values of sugars refer to distances 

moved relative to that of _galactose. R values of 0-methyl 

sugars refer to distances moved relative to that of 20,496-tetra-

2-methyl-D-gluoose. = 

Gas-liguid partition chroatograpIy (g.l.c.) of mixtures 

of 0-methyl sugars (31,32) was carried out using a Pye Argon 

Chroinatograph, at argon flow-rates of oa. 30 ml/mm, on columns 

(120x0.5 cm) of:- 

10/lo by weight of ethylene glycol ad.ipate polyester on 

5-60 mesh Gas-Chrom Z at 175°C 

(ii) 	iO by weight of butane-194-dio2. sucoinate polyester on 

80-100 mesh Gas-Chrom P at 160°C. 

Retention times () are quoted relative to methyl 2004,6-tetra- 

0-met hyl-f-D-gluOOpyranO3ide as standard.. 
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oleclüar-5ieve phxomtogrphy (r..sC) was carried, out on 

columns of:- 

Bio-C-el I-10, Bio-Gel P.300, Bio-Gel A-5m (Bio-Rad, Laboratories, 

Richmond, California) 

Sephad.ox C-25M  (Pharniacia Ltd., tJppsala, Sweden) 

Sepharose 423, Sepharose 2B (Pharmacia Ltd.) 

Porasil Type A, Porasil Type B. Porasi3. Type C, Porasil Type E, 

(75-100 mesh; Waters Ltd., Stockport, Cheshire) 

Bio-&las-500, Bio-Gias-1 500 (Bio-'Rad Laboratories) 

Corning CP( 10-1250 (120200 mesh; Waters Associates, Framingham., 

Mass.). 

Unless otherwise stated, M-sodium chloride solution, 

containing thymol (0.0005) as a bacteriostatic agent, was used as 

eluant. The glass columns employed were pretreated with 

diohlorodiznethylsilane (1 in benzene) at 600C then oven-dried, to 

prevent deformation of elution patterns by "wall-effects". Care 

was taken to keep the "dead-space" at the column outlet to a 

minimum. 

Gel bed materials were fully swollen by gentle stirring in 

t'he solution chosen as eluant, using several changes of solution. 

Except when using Bio-Gel P.-10 or Sephadex G-25,  the gel was 

deaerated.. The gel slurry was added continuously to the column 

from a large filter funnel; the gel slurry in the funnel was 

stirred while excess eluant was allowed to percolate through the 

growing gel bed by regulating the flow of liquid from the tap at 

the bottom of the column to a rate of ca.0.5 ml/min. The top 

surfaces of columns of soft gel were stabiliaed by application 
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of a 1 cm layer of Sephad.ex G-25. iluant was allowed to flow 

through the column for 2 days before use. Flow-rates of 0.5-

1.0 ml/min were normally used for these columns& 

lorous glass (si].aniaed if necessary) and porous silica bed 

materials were added to the chosen eluant (ca. 4.00 ml); the 

suspension was cleaerated then packed into a column as described 

for gel bed materials. Eluant flow-rates of 1.0-2.0 ml/min were 

used for these columns. 

Best results were obtained by deaerating solvents before 

use, and using !ariotte flasks to ensure a constant pressure-head 

on columns. 

Polysacoharides, dissolved in a solution (0.5-1.0 ml) 

slightly more concentrated than the eluant, were applied to the 

columns by careful layering on top of the bed. material • Elution 

diagrams were obtained by the following methods: - 

Fractions (usually 2.1 ml) were collected by an automatic 

collector and, screened by the phenol-sulphuric acid. method 

The optical density was read on a Unioam SPI 300 speotophotometer 

using filter 2. Collection of fractions was commenced as soon as 

the polysaccharide had been applied to the column. 

Automatic recording of elution diagrams of dyed. poly-

saccharides (3) is described in detail in Section V. 

For detection of proteins or protein components of poly-

saccharides, the column effluent was automatically monitored at 

25+ nm using a tfvioord Type 4.701A Optical Unit (L.K.B. Produkter 

A,B., Stockholm). 
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Zoneectrophoreia of ply3a1j4e was carried out on 

strips (18 x 5 cm) of cellulose acetate film (Schleicher and Sohhl, 

Dassel), using a Shand.on Universal Electrophoresis Apparatus, 

Mark II, fed by a Vokam Power Unit, Model 251, capable of 

providing constant voltage or constant current. 0.IM-ammonium 

carbonate buffer (j-.H 8.9) or O.IM-aoetate buffer (pH 4.7) was 

used as electrolyte. Eleotrophoresis was carried out at a field 

strength of 18.8 volts/cm for 2.5 hours. Polysaooharid.e bands 

were located by a modification of the periodAte-rosaniline 

hydrochloride method () :- 

 Strips were immersed, in ethanol for 5 mina. 

 strips were immersed in a solution of sodium metaperiodate 

[2J in water-ethanol, 1.5:10.0 (v/v) ii for 10 mine. 

Strips were immersed in a solution of reduced rosaniline 

hydrochloride (2;) 	until staining was complete (ca. 15 mins). 

Iodine, from reduced periodate, normally appeared on the strips 

at this stage, but dissolved in the rosaniline hydrochloride 

solution. 

1trips were washed four times in a solution of potassium 

motabisuiphite (1 g) in N-hydrochloric acid. (ioo ml). 

Strips were washed in ethanol and dried between sheets of 

glass. 

Polysacoharides were stained as a dark mauve band on a pale pink 

background. 

Thin-layer elect rophore.aja of polysacoharidea was carried 

out on "Phoroslides" (Millipore Ltd..) using 0.05M-ammonium 
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carbonate buffer (pH 8.9)9  0.U-ammonium carbonate buffer (pH 8.9), 

0.1;-acetate buffer (ph 4..7)  or 0.051,1-borate buffer (pH 9.2) as 

electrolyte. The following procedure was adopted:- 

slides (7.5 x 2.5 cm) were immersed in buffer, blotted to 

remove excess moisture and placed in a '1Phoroslide" cell connected 

to a Vokaxn Power Unit. 

Polysaccharide solutions (iJ in buffer) were applied from 

a rnicropipette as thin bands 2 cm from the cathode end of the strip. 

Electrophoresis was carried out at field strengths of 50-75 

volts/cm along the strip for 0.5-10 nina. 

Polysacoharide bands were located by the period.ato-

rosanilino hydrochloride technique(34)  described for cellulose 

acetate electrophoresis; after electrophoresis of dyed poly-

saccharides, strips were dried in a current of air. 

mino acid analysa, Samples of polysacoharides, containing 

1-2 mg protein (calculated from nitrogen content), were dissolved 

in constant-boiling hydrochloric acid (io ml, redistilled and 

stored in the dark) in Pyrex tubes. Solutions were frozen in 

liquid nitrogen, and after evacuation to a pressure of < 0.1 mm Hg, 

the tubes were sealed then allowed to thaw. Hydrolyses were 

carried out at 105t 0,,5 0 C for 2)+ hours, then the tubes were cooled, 

frozen and. opened. The thawed solutions were filtered and 

concentrated to dryness on a rotary evaporator, and remaining 

hydrochloric acid was removed by repeated addition of deionised 

water followed by concentration to dryness; products were allowed 

to stand over sodium hydroxide and phosphorous pentoxide. Amino 
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acid analyses of hydrolysed samples were carried out using a 

Technicon Automatic Amino Acid Analyser, according to the method 

of Spaokman et a3. 5  as modified. by Benson and. Patterson(36) • 

Mixtures of amino acids (ca. 0.2 mg in 0.5 ml buffer) were loaded 

on colunns of:- 

Aanberlite CG. 120 resin (8x0.636 cm), using 0.35M-sodium 

citrate buffer, pH 5.22, as eluant at 550C  and -2..amino-3-

gunnidopropionic acid. (0.1 1 M) as internal standard.. This column 

was used to separate basic amino acids and ammonia. 

Technicon A resin (58x 0.636 cm), using as eluant 0.2M-

sodium citrate buffer, pH 3.28, with a buffer change after the 

elution of valine to 0.2N-sodium citrate, pH 1..25, at 52°C. 

Norloucine (o,i .&}) was used as internal standard. This column 

was used to separate neutral and acidic amino acids. 

The peak area for each amino acid was calculated from the visible 

absorption trace on the chart, by hand. measurement. Using the 

standard equivalent values for the amino acids and the known 

starting weight of sample, the quantity of each amino acid in the 

sample was calculated. 
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III A. A C014PAPAUVI - STUDY OF GUV EXUDPTiS FROM SOME 

iCLS OF THE GiNtJS IEA A. RICH. 

y.1 INTRODUCTION 

To date, the gum from only one species of the genus lannea 

A. Rich. (Order, Sapindales; Family Anaoardiaceae) has been 

studied. This species, properly described botanically as 

L. coromandela (Houtt.) Merrill, has been studied under various 

synonyms, and extensive contradictions in the chemical literature 

have arisen as a result. The gum has been studied under the 

native vernacular names Mdl, '' 	Shemat, 	jeoi(39Z 

and also under the botanical synonyms Odina wQdier, 

L. grandi, 	. grandia 	50) j. ,rancus Engler(5155) 

and.,. coromaneiica(56) . The publication(56)  describing 

. granilis and L. oozomandeliop as "closely related species" is 

not strictly correct. Other botanical synonyms exist for this 

,species e,1.  Dia]4j oromande1iouxn, Calesium grande, Haberlip 

grandis and. KaleaiaJ 	but have not appeared in the chemical 

literature. Problems of complex synonymy have already been 

encountered in other gum-forming genera(58) . 

The chemical results quoted in several of these publications 

are zutually contradictory. The gum has been stated to be a 

neutral polyaaocharid.e, (56) whereas all other investigators found 

it to be acidic. So far, the presence of only one a]4obiouronio 

acid, has been reported, but even this involves controversy, since 

the aldobiouronlo acid has been stated to contain galacturonic 

the structure of the aldobiouronic acid being defined as 
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3-O-galacturonopyranosyl-D-galactoses  and, in contrast, to contain 

4.-O-mothylglucuronic acicl,(37' ) the ald.obiou.rcnic acid being 

oharacterised rather more adequately, but still incompletely, as 

4.inethyl-*1, 6-glucuronoaido..galaotose. Further disagreements 

involve other analytical parameters for the gum. Values for the 

specific rotation of the gum have been quoted as 	.. 

and. 4.50(56);  the methoxyl content has been reported to be zero,(56) 

and 0.51Ø 	- a value considered by the authors to be 

"very low and not of structural significance"; equivalent weight 

values varied from Ii 	to 124.5 	and 1361.(1+7)  A further 

unusual feature for a plant gum is the reported absence of 

nitrogen," )  yet there are grounds for believing that the 

presence of nitrogen in a plant gum may be of greater fundamental 

significance than has been frequently 	 The ratio 

of galactose to arabinose has been found to be 1.3/1," 3/1, 

4/1 (56) and 	07)  and in complete disagreement, Dhar and 

]tukherjee 	found the gum to contain more arabinose than 

galactose. k1oreovers  the molecular weight of the polysacoharide 

was reported to be 17.5x 106,( 	but other investigators found the 

molecular weight of the methylated polysaccharide to be 1.68 x 10 5609) 

Such a set of contradictions required investigation. Since 

all of the work cited above is of Indian origin, specimens of gum 

from Lo cQromant3.elioa and from other L4nnea species were obtained 

from different locations in an attempt to establish whether the 

genus Lane is indeed unprecedented in its variability. Such a 

result would be surprising on botanical grounds. The Lanea genus 
(61-63) 	(64.) occurs widely in Africa, 	India 	and eastward to 
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Indo-China and Hai-nan (57,65) but is less variable than many, and 

has relatively few, closely related species. (65) The gum exudates 

have been used medicinally, (64) as adhesives (66) and also in cloth 

printing. 

This section presents results obtained for a Ceylonese 

specimen of L. ooz'omandelioa gum, a Nigerian specimen of 

L. sohimperi gum and two Sudanese specimens of jo humus gum. 

3A.2 CR1 CEN OF. 24J3N$ 

."'he gum from L. coromand.eiiop (Houtt.) Merrill was obtained 

in October, 1967  from the Research Officer of the Conservator of 

Forests, Colombo 2, Ceylon. Gum from L. sohimperi (Hoohat. ox 

A. Rich,) Rngl • ws collected at Shiloa Research Station on 25th 

March, 1969 by Liz. G.O. Magaji for Professor D.M. Ramsay, 

Department of Plant Science, Ahznadu Bello University, Zaria, 

Nigeria. Gum from j.  huud.0 (Olive) ile was obtained from the 

Gum Research Officer to the Republic of the Sudan; sample A was 

collected near 11 Obeid in April, 19699  and sample B from 

Layyuna Central Forest Reserve, Central Kordofan in May, 1969. 

3A,3 231JLTS 

W-fiQation of 3anples 

ach of the four gum samples dissolved readily in cold 

distilled water after several hours. The solutions were filtered, 

then dialysed for several days; the polysaccharides were recovered 

as the freeze-dried products. Recoveries, on a dry weight basis, 

were in the range 75-8O for an four samples. 
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: ortion of each of the four gum samples was dissolved, in 

distilled, water and exhaustively eloctrodialysed to convert the 

gum polysacoharid.es  to the free acid. form. The acidic poly-

saccharides were recovered by freeze-drying. 

ncal 10,ppmarison of the Purified. um.a 

The results of analyses of the purified, non-electrodialysed 

products are shown in table 3A.1, and those for the eleotro-

dialysed products in table 3A.2. Graphs of viscosity number 

against concentration for the four samples are shown in fig. 3A.1. 

Periodate oxidations were carried out under conditions 

determined during a Smith-degradation study of L. humilia gum 

(see Section III We Polysaccharide (40 mg) was dissolved in 

water (io ml) then 0.5M-sodium metaperiodate solution (10 ml) 

was added. The mixture was left in darkness at room temperature 

for 72 hours. Aliquots (1 ml) were withdrawn, and the periodate 

reduced and formic acid, released were determined. 

thjdrolysis tudi.es 

iach sample (25 mg) was hydrolysed. with N-sulphuric acid. 

for 7 hours on a boiling water bath. Paper chromatography of the 

hydrolysates in solvents (a), (b) and. (o) showed the presence of 

galaotose, arabinose, and a trace of rhamnose in each gum. 

Chromatograms run in solvent (c) also showed the presence of 

two components (R gal 0.21, 0.61) which corresponded to a]4obio-

uronic acids characterised for ,. humilis gum (Section III B). 

.Each sample (25 mg) was hydrolysed with 2N-sulphurio acid 

for 7 hours on a boiling water bath. Paper chromatography of 

the hydrolysatea in solvents (c) and (h) revealed the above 
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neutral sugars together with 4su"rnethy1-gluouronio acid., 

galaoturonio acid., and smaller amounts of gluouronic acid and 

gluourono-6 9  3.'laot one from each sample. 

Chromatograms for each of the four samples were similar, 

indicating no gross differences in constituent sugars of the 

polysacoharides. 

.tion b olocular-Sieve ChromatopraDbLv (ii-sC) an 

Each polysacobaride (50 mg) was dyed with Procion Red 

h1-2B dye, (67) and examined by N-SC, using an automated method., 

on the following columns:- 

BioCrel A-5m (40 x 1.5 cm) 

Porasil C (40x1.5 cm) 

Porasil B (40  x 1.5 cm) 

(a) Porasil A (40x1.5 cm) 

The eluant was N-sodium chloride solution* Elution diagrams are 

shown in fig. 3A.2, and further M-SC studies on Lannea gums are 

recorded in Section V. 

In each case, two main peaks were found, one at the void 

volume of the column, and the other near the exclusion volume, 

except when Porasil A was employed; then a single, tailing peak 

at the void volume was recorded. The higher the molecular weight 

sieving-range of the column employed, the smaller was the void 

volume peak. Unpurified J. humilis gum sample B (50 mg) was dyed 

and examined on column (a); the elution diagram was the same as 

that obtained for the purified gum. 
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Solutions (o.5) of the polysaccharides in 0.51i-sod.ium 

chloride solution were examined by ultracentrifugation at 

44,770 r.p.m. Photographs revealed, in each case, a single smooth, 

broad peak. 

inQ Acid. Analyse a 

A portion of each sample (containing Ca. 2 mg protein) was 

hydrolysed and examined for amino acids. Results are shown in 

table 5A.3. 

The analyses are similar for all four Lannea samples, each 

having a very high proline content, and threonine, serino and 

leucine as the other major constituents. L. humilis gum differs 

from L. coromandelioa and. L. schim  p=J gums in possessing more 

proline than threonine or serine. The other amino acids are 

present in relatively small amounts. 

In each analysis, a component was found which eluted more 

slowly than the amino acids on column (2). This component 

corresponded to glucosamine on this column, which was found to be 

capable of resolving a mixture of glucosamine and. galactosamine. 

In each case, the nitrogen recovery was exceedingly low, and 

each sample contained several components which eluted faster than 

the amino acids determined on column (2). These components are 

probably degradation products of amino acids and sugars, which 

can arise on hydrolysis.( 68 ) A medium—sized and a large peak found 

between these unknown components and the first of the amino acid 

peaks were identified tentatively as methionine suiphoxide and. 

hydroxyproJi.ne. The latter peak obscured that due to any 

aspartic acid. present. 
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3A.4. DISCUSSION 

Since the first study of a gum from the genus Lannea in 

194e 1) many conflicting results for the species concerned have 

been published.. In an attempt to determine whether the chemical 

characteristics of Lannea gum exudates vary widely, samples of 

three Linea species were obtained for study from widely differing 

locations, viz. Nigeria, Sudan and Ceylon* Each sample dissolved 

readily in distilled water, and the recoveries of purified poly-

saccharides were similar. 

.ith such complex natural products as gum exudates, some 

inter- and intra-species variation in properties and composition 

would be expected, and recent studies have shown that variations 

in some genera e.g. Prunus (9) and Combretum (8), which, 

botanically, are best described as systems of complexes, are much 

larger than in others e.g. Acaoi' 	and. Arauearia. 0) Analyses 

of the four purified Lannea samples (tables 3A..1 and. 3A.2) indicate 

that analytical parameters of Iannea species show only minor 

variations. The strong similarity found between the to samples 

of 1, huiilis gum suggests, moreover, that neither the inter- nor 

intra-species variation in the genus Laea  is likely to be great. 

Molecular weights (I w  of the four polysaccharides were 

found to be in the range (2.4.- 3.1) x  106. The value of hh/do 

found for L. qr2ma1e2iea gum was used for all calculations, as 

it has been reported (69) that within one genus, values of 

Of,  23 species are almost identical. Limiting flow-time values of 

8-14 mi 	were recorded for the Lannea samples, and these low 

viscosity values indicate a globular rather than rod-shaped 
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structure for the molecules. Furthermore, the graphs of viscosity 

number against concentration (fig. 3A.1) are of similar gradient, 

indicating that the molecular shapes are similar, with inter 

molecular attractions of the same order. Neutral sugar ratios 

were calculated, on the assumption that the uronio acid residues 

were attached to galactose, since chromatography in solvent (a) 

showed the presence, in each hydrolysate, of components with the 

seine mobility as the aldobiouronio acids oharacterised for 

je huznilis gum (Section III B) and no evidence for other ald.obio* 

uronic acids was obtained. As neutral methyl sugars were not 

found on chromatographic examination of hydrolysates, the mothoxyl 

content of each sample can be assumed to arise entirely from 

'.O—methylgluouronio acid., giving 4.--methylglucuronio acid contents 

of 2.5Z  for both samples of k. hwn:Lli,a gum, 5.71' for . schimperi 
gum and 10.1 for I& ooromaidelioa gum. Only in this last case 
does "nethylglucuronio acid occur as the major urania acid. 

Characteristic features of this genus appear to be a high galactose/ 

arabinose ratio and high values for the periodate reduced and 

formic acid released on periodate oxidation; indeed, the periodate 

oxidation results are similar to the highest values obtained for 

ADacarip gums, 
0)  and are appreciably higher than typical values 

for Acacia 71) 
 

Hydrolysis studies on the Jwnea gums 

revealed rhamaoe in smnll amount, in addition to the neutral 

sugars (galactose and arabinose) found by earlier investigators 

of L. ooramade1io gum, and, unlike previous reports (379 38#45) 

where a single uronio acid was found in this gum, the uronic acid 

system has been shown to be complex with galaoturonio , glucuronic 
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and .-O-mothylglucuronio acids all present in each sample. 

Comparison of these results with earlier investigations of 

L. coromandelioa gum show that some previous values e.g. 

290 	and neutralisation equivalent 1150 	have been 

substantiated, but that the work of several investigators is 

clearly incorrect in several details. Perhaps the most misleading 

publication is that in which L. poroarxdeUoa gum is described as 

a neutral polysaccharide with no methoxyl content.5 	The 

presence of nitrogen and rhamnose was not established previously, 

and the ratio of galactose to a.rabinose found (ca. 6/1) is greater 

than in any of the earlier reports clearly, the work in which 

more arabinose than galactose was reported 	must be discounted. 

The quite arbitrary dismissal of a methoxyl content of 0.51,  0) 

as being of no structural importance was also a major error. 

Failure to appreciate the significance of this methoxyl content 

was perhaps partly responsible for the failure to identify 

4...0-xnethylgluouronio acid in the gum. The value of -4e quoted. 

for [ D 0)  must also be regarded as a major error. Light-

scattering values obtained are in reasonable agreement with that 

of earlier workers, 	allowing for some degradation during the 

inethylation procedure, and contradict the unusually high value of 

17.5 x 10 6  reported 	for R of L. ooromarid,e.ioa gum. The value 

of an/do employed(0.1695) also appears to be unusually high 

for an acidic polysaooharide. It is interesting to observe that, 

allowing for the difference in dhh/d.c  value, I of L. coromaidelioa 

gum recorded above differs from that reported by Chaudhuri and 

iukhorjee 	by a factor of almost exactly 102. 
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The most likely explanations of the confusion that has arisen 

in the analytical parameters of Le coromanclelica gum are that the 

chemical analyses of previous wnrklers have been faulty; or, 

perhaps more likely, that the studies were made on commercial 

mixtures, insufficient attention being given to the collection and 

correct botanical identification of the samples studied. The 

recommendations of a botanical authority in this respect have been 

recorded* 	An implication of these analyses recorded above 

is that at least some, if not all, of the structural studies 

reported for J. ooromandelioa gum 
(39,1.0,56) cannot be correct. 

Further studies on the four L=ea samples involved 

molecular-sieve chromatography (MSC), ultracentrifugation and 

amino acid analyses, 

IA-SC of the dyed samples showed two peaks, the relative 

heights but not elution volumes of which depend on the dyeing 

procedure (ace Section V)1 One peak appeared at the void volume 

of the column, and the other near the exclusion volume, except on 

the Porasil A column (fig. 3A.2). Porasi3. A appears to have such 

a low sieving-range that even the smallest gum molecules are eluted 

within the column sieving-range. This behavior is not consistent 

with each gum having two components. If a two-component system 

showed peaks at the void- and exclusion-volumes of one column, 

then the use of a column possessing a higher molecular weight 

sieving-range would leave the exclusion volume peak unaltered and 

sieve the void volume peak, at least partially. With Lannep gums, 

the void and exclusion volume peaks alter with each other. These 

results are consistent with the Lannep sums possessing a broad 
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molecular weight distribution. The void and exclusion volume peaks 

would be due to material not sieved by the column as its molecular 

weight range was higher and lower than the sieving limits of the 

column respectively. The use of a column of higher sieving-range 

would result in a smaller void volume peak and an enhanced exclusion 

volume peak, as found for the Lanxea samples • In the elution 

diagrams on l3io-Gel A-5m, a small, broad peak between the two 

major peaks probably corresponds to the true molecular weight 

distribution in that molecular weight range. The other column 

materials are less efficient than Bio-Gel A-5m, so do not show 

such a feature in their elution diagrams. M-SO of dyed, crude 

. hurnilis sample B gave an elution diagram identical to that 

obtained using purified gum, indicating that the gums had not been 

significantly altered on purification* Ultracentrifugation of the 

samples produced results confirming that Lannea gums have a broad 

molecular weight distribution. 

The similarity in nitrogen recoveries of the amino acid 

analyses (table 3A.3) justifies a comparison, but the results must 

be regarded with caution. The analyses indicate that the Iannep 

samples contain proteinaoeous material oharacterised by a large 

prolino (and possibly also a high hydroxyproline) content, in which 

respect it is similar to certain animal, connective tissue 

proteins ~7374) Tryptophan was not determined because of its 

modification and degradation during hydrolysis. The low nitrogen 

recoveries were probably due largely to the formation of degradation 
(68) 

products on hydrolysis 	, and to the fact that aspartic acid was 

obscured and could not be estimated. Methionine sulphoxide and 
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hydroxyproline were identified tentatively in the hydrolysates, but 

were not estimated.. The presence of a component corresponding to 

glucosamine in each sample is of interest, as it has been observed 

in all amino acid analyses of plant gums so far performed 	, and 

has been characterised from Azad.irpohta indiop gum. 	Nolan and. 

Smith have observed 
(76) 

thathydrolysis for 12 hours with 6N 

hydrochloric acid. at 97-1000C in the presence of amino acids and 

monosaccharides resulted in 1.7')  loss of glucosamine. About 95 

destruction of glucosamine would therefore be expected to arise 

from hydrolysis conditions employed in these analyses. If this 

degradation is assumed, it can be calculated that glucosamine would 

be present in the original gums in an amount corresponding to 

ca* one residue per polyssooharide molecule, and a linkage of 

carbohydrate and protein moieties involving this amino sugar 

cannot be discounted. 

M-SC and amino acid analysis studies confirm that chemical 

and physical differences between the samples of the genus Lannep 

investigated in this section are small. 



33 

III B. SOME,LTRUCTURAL, FATUR1 GUYFROI 

LAM&A mmAILIs (oLIv.) JNcL. 

3B.i INTRODUCTION 

From analytical results obtained, in Section III A, there 

is no doubt that Lanxwp gum exudates are acidic polysaccharides 

that e,eist, as is customary, in the natural state as complex, 

nearly neutralised, salts of the polysacoharide gum acid. 

Two major attempts at establishing a structure for 

L. coromandelioa gum have been made, 9,404 	and have produced 

widely differing structures. Ramachandran and Johi 	suggest 

a structure based on a repeating unit of a backbone of F-1 ,i-

linked galactose units, some of which are substituted at the 

3-position by arabinose or galactose units, and may be represented 

by:- 

)74*gal..-.1- 

3 	 3 	 3 
I 	 I 	 I 

ara-1 	 gal-1 	 ara-'I 

4; gal, -galactopyranose; ara, I,-arabinofuranose) 

This structure is based on such erroneous results (e.g. that the 

gum is a neutral polyasocharide containing only galactose and 

arabinose), It must be largely disoounted.. 

Bhattacharyya and Rao 	, on the other hand, propose a 

repeating structure for the degraded gum based on a main chain of 

1,6-linked galactose units to some of which are attached 

galaoturonic acid or galactose in the 3-position,  or two galactose 

units in the 3- and 4-positions, and which may be represented by:- 
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-C-gal-I ..6..gal-1 -C-gal-f -6-gal-I -6-gal-1 -C-gal-I- 
I 

	

3 	3 	 14. 	3 

	

galA-I gal-I galA-I 	gal-1 	1-gal 

(gal, galactopyranose; galA, galactopyranosyluronic acid) 

This structure has been extended by Nmttacharyya and Mukherjee (39) 

to incorporate arabinose side-chains, producing a possible repeating 

structure for the whole gum, which may be represented by:- 

-C-gal-I -C-gal-I -6-gal-I -6-gal-I -6-gal-I -6-gal-I - 

ara 
 I 	I 	I 	I 	 I 

gal A gal 	gal A 	gal 	al 

53 
/ \ 

ara-I 	1-ara 

(gal, -galaotopyranosyl; galA, galaotopyranosyluronio acid; 

ara, _arabinof*uranosyl). 

An attempt to correlate these structures with light-scattering 

measurements on the polysacoharid.e(46) has apparently been 

successful, but the structures are based on several doubts and 

inaccuracies. The arabinose content appears to be high, a strong 

negative optical rotation (..4J?) was reported, rhamnose was not 

detected, nitrogen was not found, the methol content was 

deliberately ignored and galacturonic acid was stated to be the 

only uronic acid involved. 

Preliminary hydrolysis experiments on Lannea gums (Section 

III A) indicated that in all three species studies, rhamnose was 

present in small amount, and that the uronic acid system is complex, 
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with galacturonicy gluouronic and. 4.-methylglucuronio  acids 

all present. 

In this section, some structural features of a gum from the 

genus on 	are elucidated. The gum from J. bumUi (sample B) 

was chosen, as it was available in an amount sufficient to support 

a fairly complete study. 

313.2 I 1 jSZQ  

Purification of  LWM IILUmilia Gum 

As described previously (Section III A), the orue gum was 

purified by extraction into distilled water, exhaustive dialysis 

and freeze-drying* 

The gum was shown to migrate as a single band on eleotz'o'. 

phorenis on cellulose acetate film in both O.IW-ammonium carbonate 

buffer (p11 8.9) and 0.111-acetate butter (pH .7)9  and on thin-layer 

electrophoresis in 0.1Z-ammotthzn carbonate butter (pH 8.9), 

0.1L-aootate buffer (pH 4..7) and 0.05W-borate buffer (pH 9.2). 

Such conditions were shown able to resolve a mixture of gums from 

4qaoi,a senea (uronic acid, ii) and . pygaWtha (uronic acid, 4). 

gum was obromatographed on a DiAEceUulose column (29) 

(46 X 1.3 cm), buffered at pH 441 by 0.02Mm.aoetate buffer. Gradient 

elution with sodium chloride (0.0 -. 0.5W) in 0.02W-acetate buffer 

gave a single, symmetric peake Rxamination of the gum by znolooular-

sieve chromatography and ultracentritugation also revealed no sharp 

heterogeneity (Section 1171 A). 



Identijication of Neutral Sigr 

. iuiijs gum (log) was hydrolysed with N'.sulphuric acid. 

(500 ml) for 7 hours on a boiling water bath. The cooled solution 

was neutralised with barium carbonate, filtered, deionised with 

Amberlite 1.11-120(H) resin, and concentrated to a syrup, which was 

applied to a column (34.x  3.8 cm) of Duolite A4 resin in the 
formate foni. Elution, with distilled water yielded the neutral 

sugars present in the hydrolysate. After concentration to a syrup, 

the neutral fraction was examined by paper chromatography in 

solvents (a), (b), (a), (h) and. (i), which showed two components 

identical with authentic -.galaotose and fr'.arabinose and a third., 

minor component identical with authentic -rhamnose in these 

solvents. A portion of the neutral fraction was ohromatographed. 

on ?Ibatman No. 3M papers in solvent (a). The position of rhamnose 

was located by spraying papers on which k.rhamnose  had been run as 

a marker, and the appropriate zone was eluted with water. This 

solution was concentrated to a syrup, and paper chromatography in 

the above solvents showed intense spots identical with authentic 

-rhamnose. 

An attempt to crystallise rhamnose from this syrup using 

aqueous ethanol produced a brown precipitate which did not melt 

within the normal range of monosaccharides. This precipitate was 

ahovin to give no colour with aniline oxalate spray after paper 

chromatography in solvents (a), (b) and (a), but was found to react 

in the phenol-sulphuric acid test 03) 
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Id,entifgtiOXLaMazaoters&tion of Acidic Components 

After  elution of neutral sugars with distilled water from the 

N..sulphurio acid hydrolysate applied to the Duolite A-4 resin column, 

elution with 5 formic acid yielded the acidic components. This 

solution was concentrated to a syrup and the remaining formic acid 

was removed, by repeated addition of water followed by reooncontration 

to a syrup. Paper chromatography of the syrup in solvent (c) 

indicated the presence of a trace of galactose and two acidic 

fractions having R gal  0.21 and 0.61. After fractionation of the 

syrup on \Thatman No. 3UM papers in solvent (c), these two acidic 

fractions were eluted and concentrated to syrups. 

Fraction 1 (186 mg) had (a)D+48°  (, 0.93). The syrup 

(jo mg) was hydrolyzed (2N-sulphuric acid, 7 hours, boiling water 

bath), and paper chromatography of the hydrolysate in solvents 

(a), (c),  (h) and (i) revealed galaotose, galaoturonio and 

gluouronic acids and. gl.ucurono-6, 3-lactane, These results suggest 

fraction I Is a mixture of two ald.obiouronio acids, one having an 

--linkage, the other a r--.linkage, one containing galaoturonio 

acid and the other glucuronic acid. Paper chromatography of 

fraction i in solvent (c) still revealed only one spot having 

Rgal 0.21, but chromatography in solvent (a) revealed two merging 

spots having R gal  oa. 0.70, 0.73.  Double development in solvents 

(c) and. (a) produced no improvement in resolution. Zone electro-

phoresis of fraction I on Whatman No. I paper in 0.05M-borate 

buffer (pH 9.2) resulted in a single spot. Paper chromatography 

in solvent (a) for one week was found to produce a chromatogram 

in which two components (R 	ca. 0.14.9  0.19) were clearly visible, 
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and although merging somewhat, were sufficiently separated to be 

isolable in reasonably pure form. The remaining fraction I was 

fractionated on Vhatman No. 3IM papers in solvent (a) for one week, 

and its two components were eluted and concentrated to syrups. 

J'actiou is (33 mg) had. [O'ID+ 107  (s,, 1.09), suggesting 

the presence of an --linkage. Paper chromatography in solvent 

(c) showed a single spot having Rgal  0.21, and in solvent (a) 

showed. fraction la had. R gal  Ca. 0.14.,  and contained a trace of 

fraction lb as impurity. Fraction la (7 mg) was hydrolysed 

(2N-sulphur-lo aoid, 7 hours, boiling water bath), and paper 

chromatography of the hydrolysate in solvents (a), (o)  and. (Ii) 

revealed about equal amounts of galactose and galacturonic acid 

with a trace of gluourono-6, 3-laotone • Sodium borohydride 

(25 mg in 5 ml water) was added to fraction Ia (8 mg) and the 

mixture was left at room temperature for 18 hours. Excess 

borohydride was destroyed by the addition of Amber].ite IR-120 (H) 

resin. Resin and solvent were removed, and borate was volatilised 

as methyl borate by repeated additions of methanol followed by 

concentration to dryness. The reduced product was hydrolysed 

(2N-su].phurio acid., 7 hours, boiling water bath) and paper 

chromatography of the hydrolyaate in solvents (a), (o),  (g) and 

(h) indicated about equal amounts of gslaotitol and galaoturonic 

acid, with a trace of galactose still present. Fraction la (10 mg) 

was methylatedd, by the Kuhn method. Methanolysis followed by g.l.c. 

examination of the mixture of methyl glycosides on column (i) 

indicated the presence of 2, 3,4-tri-methyl--galaoturonio acid 

(2 5.25)  and. 2,3,6.tri--methyl-D.-galaotose (2 2.30,  3.10, 3.58). 
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The methanolysate was then reduced with sodium borohydride. After 

removal of methyl glycosides by mild acid hydrolysis (N-sulphurio 

acid., ) hours, boiling water bath), the products were examined by 

paper chromatography in solvents (e) and (r). This revealed 

2,3,4-tri--0-methyl...D-ga3.aotose [R 0.74, solvent (e); 0.35, 

solvent (r)] and 293,6-tri-0-niethy3.-D-galactose fR 0.74 solvent (o); 
111 

0.50, solvent (r)l. These experiments led to the identification of 

fraction Ia as 4-9..(a-galaotopyranosyluronic aoid)-D..galaotose. 

Fraction lb (48 mg) had. (c)D+8°  (, 1.06), suggesting the 

presence of a c -linkage, and was chromatographically identical 

to authentic 60-(--gluoopyranosy1uronjo aoid).u.D-galaetose in 

solvents (a) (Rgal  ca. 0.19), (a) (R gal 0.21) and (a) (R gal  0.72). 

Chromatography in solvent (a) also revealed a small amount of 

fraction Ia as impurity. Fraction lb (jo mg) was hydrolysed. 

(2N-suipiiuric acid, 7 hours, boiling water bath), and paper 

chromatography of the hydrolysate in solvents (a), (a) and (h) 

revealed galactose together with gluouronic acid and glucurono-6, 3-

lactone, in about equal amounts. A trace of galacturonic acid was 

also found. Fraction lb (io mg) was reduced with sodium borohydrid.e 

as described for fraction Ia, and the reduced product was hydrolysed 

(2N-sulphuric acid, 7 hours, boiling water bath). Paper chromat-

ography of the hydrolyaate in solvents (a), (c), (g) and (h) 

indicated galactitol together with glucuronic acid and glucurono-

62  3- lact one, in about equal amounts • Fraction lb (15 mg) was 

methylated by the Kuhn method. Methanolyeis followed by g.l.oe 

examination of the mixture of methyl glycosides on column (1) 

indicated the presence of 2,3,4-tri-2-methyl-D-glucuronio acid. 
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(T 2.14., 2.70)9  20,4.-tri--methy1-igaaaotoae (T 5.55) and 

20,5-tri-'O-mothyl-D-galaotose (T 3.69, 4..32).  The methanolysate 

was then reduced with sodium borohydr.tde. After removal of methyl 

glycosides by mild acid hydrolysis, the products were examined 

ohromatoraphioaUy in solvents (e) and. (f). This revealed 

2,3,4.-tri-0-methyl-D-galaoto3e (red. spot: R 0.729  solvent (e); 

0.360  solvent (f)J and a red-black spot [Ba  0.84.2  solvent (e); 

0.72, solvent (r)J corresponding to 2094.-tri.-O-methy1-Dg1uoose 

and 2,3,5-tri-0-niethyl-D-galaotoeo. Double development in 

solvent (2) separated the 2,93,p4..tri-0-methyl-D-glucose (red spot) 

from 20,5triO_methyl..i.D...galaoto3e (black spot). These 

experiments led to the identification of fraction lb as 

j-&ucopyranosyluronic aoid)-.galaotose. 

Fraction 2 (isi mg) had [cx ] + 100 (s,, 0.75), suggesting the 

presence of a c--linkage, and was  chromatographically identical 

to 6- 	 acid)-1-galactosa in 

solvents (a) (R 
gal  0.61) and (d.) (R gal0.92). These o1ironatograins 

also revealed a trace of galactose as impurity. Fraction 2 (8 mg) 

was hydrolysed (2N-sulphuric acid., 7 hours, boiling water bath) and 

paper chromatography of the hydrolysate in solvents (a), (c), (h) 

and (i) revealed about equal amounts of 4.-methylglucuronic acid 

and. galactose* Reduction of fraction 2 (is mg) with sodium 

borohydride as described for fraction la was followed by hydrolysis 

of the reduced product (2N-sulphuric acid, 7 hours, boiling water 

bath). ia.per chromatography of the hyd.rolysate in solvents (a), 

(a), (g) and (h) indicated about equal amounts of galactitol and. 

4i.methylgluouronio acid, with a trace of unred.uoed galactose. 



Fraction 2 (15 rug) was methylated by the Kuhn method. Methanolysis 

followed, by g.].00 examination of the mixture of methyl glyoosidee 

indicated the presence of the 0-methyl sugars which were found for 

fraction lb. Re1uotion of the methanolysate followed by removal 

of methyl glycosides then paper chromatography in solvents (e) and. 

(f) again showed the presence of the 0-methyl sugars which were 

found for fraction lb. These experiments led to the identification 

of fraction 2 as 60-(4.O.mmethyl-P..-gluoopyranosyluronio acid.)*-

galactose. 

çparation of Depraded Gum  

To determine conditions for preparation of degraded gum A, 

. hurilis gum (ig) was dissolved in 0.0IN-sulphurio acid (40 ml) 

and heated on a boiling water bath for 120 hours. Aliquots 0 ml) 

were withdrawn at intervals, neutralised with barium carbonate, 

filtered, d,oioniaod. with )unberlite IR.-120(I1) resin and, concentrated 

to syrups, then examined by paper chromatography in solvent (o). 

It was found that arabinose appeared within 1 hour and the quantity 

released increased with time. Galactose first appeared in trace 

amount after J. hours, then increased with time, but was present in 

much smaller quantity than arabinose. Traces of rhaninose were 

found on the chromatograrns. Small spots corresponding to authentic 

3.0.- --arabinofuranosyl-L'.arabinose (R gal 1.20), 3i..7.  -L- 

arabinopyranosyl-.arabinose gal 0.76) and 	u.0...galaoto- 

pyranosy?-L-arabinoee (Rgal 0.55) were also found. These components 

were maximal after 36-48 hours. Galaotobiozez and higher oligo-

saccharides appeared in trace amounts after 36 hours, but quantities 

were still extremely small after 100 hours. 
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Syrups in which the presence of disaccharides containing 

arabinose had been indicated were further chromatographed in 

solvents (a), (b) and (f). Results verified that these 

disaccharides were chromatographically identical with authentic 

3.-..-ga3.aotopyranosyl.j..arabinose [pink spot with aniline 

oxalate: R. al 0.679  solvent (a); 0.73,  solvent  (b)], 

3.,- r -arabinofuranosyl--arabinoae [Rgal  1.40, solvent Ml and. 

3O--arabinopyrano3yl-arabinose [R gal0.82,  solvent (a); 

0.91, solvent (b); 0.55,  solvent (c)]. 

Degraded gum A was prepared by heating a solution of 

L. hugilis gum (25g)  in 0.0I14-sulphurio acid. (ii) for 100 hours on 

a boiling water bath. After cooling, the brown solution was 

filtered and exhaustively dialysed against running tap water. 

Degraded gum A was isolated as a freeze-dried, pale-brown product 

(18.9g; yield, 76'c). 

Gum 

An attempt to record the optical rotation of degraded. gum A 

was unsuccessful due to the brown colour of its solution. Mnof 

the gum, determined by end-group analysis, was 4,320. Hydrolysis 

of the gum (50  mg) with Nsulphurio acid for 7 hours on a boiling 

water bath followed by paper chromatography of the resulting syrup 

in solvents (c) and. (ci) showed the presence of galactose, arabinose 

and the same aldobiouronic acids already oharacterised from the 

whole gum. Degraded gum A (322 mg) was methylated by the Haworth 

and Purdie procedures to give a. product (219 mg) (Found.: OMe, 

39o5,..)* Lethanolysis of a portion of this product, followed by 

g.l.c. examination of the mixture of methyl glyoosides gave results 
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shown in table 3B.1 • Hydrolysis of the mixture of methyl 

glycosides., and paper chromatographic examination of the resulting 

syrup In solvents (a) and (r) indicated the presence of 

2methyl'galaotose in addition to those -methyl sugars 

identified as their methyl glycosides by g.l.o. 

D:SMM&io,n  pLom4e& Gum 

Degraded gum A (12#7 g) was hydrolysed with 095N-sulphuric 

acid (1 1) for I hour on a boiling water bath. After removal of 

an aliquot (8 ml), the remaining brown solution was exhaustively 

dialyzed against running tap water, and degraded gum B was isolated 

as a freeze-dried, pale-brown product (9.9 g; yield, 7&). The 

aliquot removed was neutralised with barium carbonate, filtered, 

daionised. with Amberlte IR.I20(H) resin and concentrated to a 

syrup. Paper chromatographic examination in solvents (a), (b) and 

(o) indicated galactose, a smaller amount of arabinosa and three 

neutral disaccharides chromatographically identical with authentic 

[R gal  0 • 30, solvent (a); 

0.38, solvent (bfl, 3---galaotopyranosyl--galaotoee [R gal 0.4.9, 

solvent (a); 0.55,  solvent  (b)J,  (major components), and 

(Rgal 0.67, solvent (a); 

0.73, solvent (b); 0.55, solvent  (o)],  (trace oomponex.t, pink 

spot with aniline oxalate), together with higher oligoaaooharic3.es. 

Gi 

Again, the optical rotation of degraded gum B could not be 

recorded due to the brown colour of its solutione %of the gum, 

determined by end-group analysis, was 3740. Hydrolysis of the gum 
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(50 mg) with 0.5N-sulphurio  acid. for 1 hour on a boiling water bath 

followed by paper chromatography of the resulting syrup in solvents 

(a) and (b) indicated the presence of galactose, a trace of arabinose, 

3Qi.galactopyranosyls-galaOto5e, rather less 6-fr'8--galacto-

pyranosyl-.galaotose and higher oligosacoharides. Hydrolysis of 

the gum (50  mg) with N-sulphuric acid for 7 hours on a boiling 

water bath followed by paper chromatography of the resulting syrup 

in solvents (o) and (i) indicated the presence of the same 

aldobiouronia acids already characterised from the whole gum. 

Degraded gum B (342 mg) was methylated, by the Haworth and Purdie 

procedures to give a. product (29)4. me) (Pound: OMe, 39.). 

Methanolysis of a portion of this product followed by g.l.c# 

examination of the mixture of methyl glycosides gave results shown 

in table 3B.2. Hydrolysis of the mixture of methyl glyooaid.es  

and paper chromatographic examination of the resulting syrup in 

solvents (e) and (t) indicated the presence of 2- 0-methyl-.D-galac

tose in addition to those methyl sugars already identified 

as their methyl glycosides by g.l.o. 

eation of Degraded. Gum C 

Degraded gum A was subjected to a Smith degradation. 

Degraded gum A (2.0)+ g) was dissolved in water (50  ml) and 0.75M-

sodium metaperiodate solution (50  ml) was added. After 96 hours 

in darkness at room temperature, 13.4. m moles periodate/g poly-

aaooharid.e had been reduced, and 6.5 m moles formic acid/g poly-

saccharide,  had been formed. The reaction was stopped by addition 

of ethylene glycol (6 ml) and the solution was dialyzed against 

running tap water for 3 days. Sodium borohyd.ride (1 g) was added, 
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and, after 30 hours at room temperature, the 8O].Utiofl was dialysed 

for a further 3 days. The solution was made IN with respect to 

sulphuric acid and the polyaloohol was hydrolysed for 4.8 hours at 

room temperature, then dialysed. for 2 days. Degraded gum C was 

isolated as the freeze-dried product (0.514.g; yield, 25). 

pLPa( Gum  Jc 

was found to be +25 (, 0.92). 11 of degraded gum C. 

determined by end-group analysis, was 1950. Hydrolysis of the gum 

(50 mg) with 0.5N-sulphuric aoid. for 1 hour on a boiling water 

bath followed by paper chromatography of the resulting syrup in 

solvents (a) and (b) indicated the presence of galactose, 

3-2- --Galaotopyranosyl--galactoso (major disaccharide), 
6-9-i--galactopyranoeyli..galaotose (trace component), and higher 

oligosacoharidea. Degraded gum C (268 mg) was methylated by the 

Haworth and Purdie procedures to give a product (177 mg) (Found: 

011e, 39.1, ). hethanolysis of a portion of this product, followed 

by g.l.c. examination of the mixture of methyl glyoosid.es  gave 

results shown in table 3B,3. Hydrolysis of the mixture of methyl 

glycosides and paper chromatographic examination of the resulting 

syrup in solvents (e) and (f) indicated the presence of 

2-0-methyl--galaotoso in addition to those -methyl sugars already 

identified as their methyl glycosides by g.l.o. 

Methylation of j.  humiUs Cum 

The gum (324  mg) was methylated by the Haworth and. Purdie 

procedures to give a product '24.6 mg), 00 (, 1.15 in 

chloroform) (Found: 	0?4e, 4.1.6,). The gum (372 mg) was also 



methylated. by the sodium hydride, methyl iodide, dimethylsuiphoxide 

procedure (21)  to give a product (319 mg), fO'JDSll°  (g, 0.95 in 

chloroform) (Found; OMe, 40.5%).  Methanolysis of a portion of each 

product followed by g.1.o* examination of the mixtures of methyl 

glycosides gave results shown in table 3B.4.. The relative amounts 

of the ,-methyl sugars oould not be satisfactorily estimated due 

to incomplete resolution of several of the components, but in both 

methanolytates, 2,3,,6.-tetra-, 2, 9.6- and 20,4-tri-methyl-Du.i 

galactose were present in ratios of approximately 8/5/1, and the 

ratio of 2,3,4.. to 2095trii-O_methyl_L..arabinose was smaller 

for the sample employing the Haworth and. Purdie methylation 

proceaurea. Large amounts of 2,4di--methyl-..galactose were 

foundo thydrolysis of the mixtures of methyl glycosides and 

paper chromatographic examination of the resulting syrups in 

solvents (a) and (f) indicated the presence in both of 2-0-methyl-

D-galaotose in addition to those 0-methyl sugars already identified 

as their methyl glycosides by gJ.o. Only a trace of 2-0-methyl-

D-galaotose was found, in the sample employing the sodium hydride, 

methyl iodide, dimethylsulphoxLde methylation procedure, but a 

larger quantity was found in the sample methylated by the Haworth 

and Purdie procedures. 

Preparation and. Examinatjonof Polyaoohari&e I 

Preliminary, small-scale experiments established that an 

0.251,,',-sodium metaperiodate solution and oxidation time of 72 hours 

were required for jo humiUs gum. 

L.  humus gum (44.4g)  was dissolved in distilled water 

(1250 ml) and. 0.5M-sodium metaperiodate solution (1250 ml) was 
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added. Oxidation was carried out in darkness at room temperature 

and was followed by measurement of release of formic acid with 

time (fig. 3B.1). After 72 hours, 10.0 m moles periodate/g poly-

saccharide had been reduced and 4.1 in moles formic aoid/g poly-

sacoharid.o released. The reaction was stopped by addition of 

ethylene glycol (26.5 ml), and the solution was dialyzed against 

running tap water for 2 days. Sodium borohydrid.e (13. 3g) was 

added and the mixture kept at room temperature for 30 hours, then 

dialyzed for 2 days. The solution was made IN with respect to 

sulphuric acid, and the polyaloohol was hydrolyzed for 4.8 hours 

at room temperature. A portion of this solution (1/10 of total 

volume) was neutralized with barium carbonate, filtered, dialyzed 

against distilled water (4.1) for 24 hours, and against running tap 

water for 2 days,  then mixed with the main portion of the solution, 

which had been dialyzed against running tap water for 3 days. 

Polysacoharide I was isolated as the freeze-dried product (12.59; 

yield, 28), [a]D+270  (, 0.80) (Found: gal 95, ara 5; 1 n  by 

end-group analysis, 1960). 

Polysaccharide I (30 mg) was hydrolyzed with 2N-3ulphuric 

acid. for 7 hours on a boiling water bath. Paper chromatographic 

eiunination of the resulting syrup in solvents (a), (h) and. (i) 

revealed galaotose, arabiriose and no uronic acids. The gum (20 mg) 

was hydrolyzed. with 0.5N-zulphurio  acid for 1 hour on a boiling 

water bath. Paper chromatographic examination of the resulting 

syrup in solvents (a) and (b) indicated the presence of galactose, 

arabinose, two neutral disaccharides with the mobilities of 

6_O_rD_galaotopyranosy1_ga1aotose [minor component: Rgal  0.309 
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solvent (a); 0.39,  solvent (b)) and 3-galactopyraxiosyl--

galactose [major component: Rgal 0.43, solvent (a); 0.55 9  solvent 

(b)] and higher neutral oligosaooharides • Polysacoharide I 

(259 rag) was methylated by the Haworth and. Purdie procedures to 

give a product (202 rag), [c'J D*O.5°  (i., 0.97 In chloroform) (Found: 

OMe, 	Folysaooharid.o I (294 rag) was also methylated by the 

sodium hydride, methyl iodide, dimethylsulphoxid.c procedure (21) 

to give a product (277 mg).. [o!JD360(2.,  0.99 in chloroform) 

(Found: OMo, 4.j,). A portion of each product was methanolysed 

and the mixtures of methyl glyooaidos were examined by g.l.o. A 

portion of each methanolysate was hydrolysed and the resulting 

syrups were examined by paper chromatography in solvents (e) and. 

(r), Results are su3mnarised in table 3B,5. 

The dialysate obtained after the hydrolysis stage in the 

preparation of polysacoharide I was concentrated, deionised. with 

Amberlite IR-120(H) resin and concentrated to a syrup. Paper 

chromatography in solvents (a) and. (e) Indicated the presence of 

traces of galactose [R 0.27, solvent (a); 0.15, solvent (e)l 

and. arabinose [P 0.32, solvent (a); 0.21, solvent (e)] together 

with glycerol [major component: R 0.50, solvent (a); 0.40, 

solvent (e)], threitol [minor component: R 0.39, solvent (a); 

0,30 solvent (e)] and sin11 amounts of glyoola]4ehyde [R 0.66, 

solvent (a); 0.65, solvent (e)J and ethylene glycol (R 0.59, 

solvent (a); 0.55, solvent (e)]. 

Fz'OT)aratipn. 	 of P 	achpride II. 

ireliminary, small-scale experiments established that an 

0.125P -sodium nietaperiodato solution and, oxidation time of 48 hours 
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were required for polysaooharid.e I. These conditions were also 

employed for subsequent degradations. 

Borohydrid.e reduction of periodate-oxidised polysaccharide I 

01 ,59 polysaooharide) followed by controlled acid hydrolysis at 

room temperature for 48 hours, omitting the stage of dialysis 

against distilled water, gave polysacoharide II (6.08g; yield, 

53);), '3D  21°  (, 0.80) (Pound: galactose 9, arabinose ; 

L by end-group analysis, 3290). Release of formic acid with time 

during periodate oxidation of polysaocharide I was followed 

(fig. 313.1). After oxidation for 48 hours, 3.37 m moles pe2::odate/ 

g polysaoohaz'id.e had been reduced and 1.20 m moles formic acid/ 

g polysaooharide released. 

Hydrolysis of polysaooharide II (40 mg) with 0.5N-sulphur-lc 

acid for 1 hour on a boiling water bath, followed by paper 

chromatography of the resulting syrup in solvents (a) and (b) 

indicated the presence of galactose, a small amount of az'abinose, 

two neutral disaccharides with the mobilities of 3-2--galacto-

pyranosyl--galactose (major component) and. 6'..galaotopyranoeyl-

D.galaotose (trace component), and higher neutral oligosaceharides. 

Polysaooharide II (262 mg) was methylated by the Haworth and. Purdie 

procedures to give a product (181 mg), [cY]D3.80  (, 0.89 in 

chloroform) (Pound: OMe, 40.0u). Mothanolysis of a portion of this 

product was followed by g.l.00 examination of the mixture of methyl 

glycosides. A portion of the methanolysato was hydrolysed and the 

resulting syrup examined by paper chromatography in solvents (e) 

and (f). Results are sunnarised in table 3B.5. 
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tiQfl and Exa=Lnation of O1Y 	baririe II 

Borohydrid.e reduction of per-iodate-oxidised polysacoharid.e II 

(5.2G polysaooharide) followed, by controlled, acid hydrolysis at 

room temperature for 4.8 hours gave polysacoharide III (1.75g; 

yield,3' ) [D 50 (&, 0.80) (Found: galactose 99, arabinose 

t; Tç1  by end-group analysis, 2930).  Release of formic acid with 

time during periodate oxidation of polysacoharide II was followed. 

(fig. 3B.1). After oxidation for 48 hours, 2.20 in moles periodate/ 

g polysaccharide had been reduced. and 0.89 in moles formic aoid/ 

g polysacoharide released. 

Hydrolysis of polysacoharid.e III (4.2 mg) with 0.5N-aulphurio 

acid. for 1 hour on a boiling water bath, followed by paper 

chromatography of the resulting syrup in solvents (a) and (b) 

indicated the presence of galactose, a trace of arabinose, two 

neutral disaccharides with the mobilities of 3-2Rj-galaoto-

pyranosyl-I-galaotoao (major component) and. 6'-galaoto. 

pyranosyl--galactose (trace component), and higher neutral 

oligosacoharides. Polysacoharide III (273 mg) was methylated by 

the Haworth and Purdie procedures to give a produce (240 lug), 

[Y)D 13°  (, 0.97 in chloroform) (Found.: OMe, 4O.0). Metbanolysis 

of a portion of this product was followed by g.lce examination of 

the mixture of methyl glycosides. A portion of the methariolysato 

was hydrolysed and the resulting syrup examined by paper chroma-

tography in solvents (e) and (f). Results are summarised in table 

313.5. 
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D_r22aaji.O.n e Ecaninatior of PoLysacchar&d. IV. 

i3orohydride reduction of periodate-oxidised polysaccharide 

III (1.1g polysaooharid.e) followed by controlled acid hydrolysis 

at room temperature for 4.8 hours gave polyaaeoharid.e Iv [0.40g; 

yield, 36>:. (uncorrected for polysaccharide removed during formic 

acid determinations)], [a] '190  (, 0.70) (Found: galactose, 

100,; ! by end-group analysis, 2200). Release of formic acid, 

with time during periodate oxidation of polysacoharide III was 

followed (fig. 3B.i). After oxidation for 4.8 hours, 2.20 m moles 

piriodate/g Polysaccharide had been reduced and 0.72 in moles formic 

acid/g polysacoharide released. 

Hydrolysis of polyaaooharid.e IV (34. mg) with 0.5N-sulphuric 

acid for 1 hour on a boiling water bath followed by paper 

chromatography of the resulting syrup in solvents (a) and (b) 

indicated the presence of galactose, two neutral disaccharides with 

the mobilities of 3-,au.c--galactopyranosyl-D-galaotose (major 

component) and 6- ii.galaotopyranoayl_galaotose (trace 

component), and higher neutral oligosaooharicIes. Polysacoharide 

IV (23,, mg) was methylated by the Haworth and Purdie procedures to 

give a product 057 mg), 	ID  -160 (s,, 0.84. in chloroform) (Found: 

OMe, 3901.  Methaziolyais of a portion of this product was 

followed, by g.l.o. examination of the mixture of methyl glycosides. 

A portion of the methanolysate was hydrolysed and the resulting 

syrup examined by paper chromatography in solvents (e) and (f). 

Results are summarised in table 3B.5. 
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Lolec,.r-.ieveChromatography (M-SC) of L. huw.ilis and Some 

Its Do dat±Qn Prouots 

Portions (50 mg) of ko humills gum, degraded gums A and B 

and. polysacoharides I and II were dyed. with Procion Red J!*2B dye 

of degraded gums A and. B was performed on a column 

(40 x 1.5 cm) of Bio.el A-5m; 	SC 	of polyaaooharid.ea I 

and II was performed on a column (35 x 1.5 cm) of Biou'Ge1 P-b. 

M-sodiuni chloride solution at flow rates of 0.5 ml/min was used 

as eluant for both columns, Elution diagrams of the degraded 

gums are shoym in fig 3B,2, together with elution diagrams of 

. huiitLlis for comparison. These show that degraded gums A and 

B are of lower molecular weight than j* hwnilis and do not appear 

to have such a broad molecular weight distribution. Polysaooharides 

I and. II are also of low molecular weight, and appear to have 

retained, a rather broad distribution. 

3B.3 DISCUSSION 

To evaluate structural evidence published, for a gum from the 

genus 	 56)  the gum from Lannea humilis was studied in 

greater detail. The purified gum was examined by none eleotrophoresis, 

thin-layer eleotrophoresia, ion'mexohange chromatography, (29) molecular-

sieve chromatography (M-Sc) 33) and ultz'aoentrifugation. As none 

of these experiments indicated any sharp discontinuity in the 

properties of the system of molecular species involved, it seems 

probable that Lehumills gum exhibits the same kind of hetero-

polymolecularity as that postulated for Acacia gums, (2,70,77) 

but L-c studies (Section lilA) indicate that its molecular weight 



range is greater than that of Acacia gums. The importance of 

assessing heterogeneity appears to have been overlooked in certain 

studied. of Igo gor 	ei.iqa gum ,(39940) but other investigators of 

the same gum pronounced it homogeneous, on the evidence of 

hydrolysis products of fractions obtained by fractional precipi-

tation and the results of acetylation and ãeaoetyiation.(56) 

These rather superficial studies would not have been thought 

sufficient to decide that a compound as complex as a plant gum 

is homogeneous. 

J. humilio gum had 2 2.57 x 1 059 and was found to contain 

-galactose (75), ç.arabinoae (it) sM-rhwnnoae (z). As 

rhamnose was present in small amount, it was concentrated by thick 

paper chromatography, producing a syrup giving strong spots 

corresponding to authentic -rhamnose on chromatography. Attempts 

to crystallise rhamnose from this syrup precipitated a material 

found to react in the phenol-sulphuric acid test, 
(13)  but which 

did not produce a colour with aniline oxalate spray after paper 

chromatography. These results suggest that the value quoted for 

rhamnose is high, due to the presence of an impurity with the 

mobility of rhamnose in that solvent used for separation of 

neutral sugars prior to their estimation by the phenol-sulphuric 

acid method.. 	The chromatographic identification of rhamnose 

is, however, unaffected by the presence of this impurity, the 

identity of which is uncertain. It probably originated from the 

bark present in the crude gum sample. A very ).ow rhamnose content 

was confirmed by the presence of trace amounts of 2,3,4.-tri--

methyl--rhamnO8e in methylated L. humilis gum. The gum was also 
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found to contain uronio acid (123) of which 2.59/C"was 141-0-methyl- 

-gluouronic acid; the remaining uronic acid was present as 

-galaoturonio acid (major component) and -g1uouronic acid 

(minor component). 

. hu -milis gum was hydrolysed. with N-sulphuric acid for 7 

hours on a boiling water bath. Removal of neutral sugars followed 

by fractionation of the acidic component by thick paper chromatog-

raphy gave two acidic fractions. The first of these was found to be 

a mixture of two aldobiouronic acids, which were separated by 

further thick paper chromatography and characterised as 

galactopyranosyluronic acid)"-galactose and 6..-( --gluoo-

pyranosy].uronic acid)--galactoses Due to shapes of the spots 

produced on paper chromatography, Rgal  values of these compounds 

in solvent (a) were difficult to estimate. The second acidic 

fraction was characterised. as 6--(24.-0amethyl3*.2l.glucopyranosyl_ 

uronio acid ).u.Dgalaot ass. Unlike 	(0-r-. gal act opyrano syluronio 
aoid)galactose, the other two aldobiouronic acids are commonly 

found in Acacia guvz3.(1,7879)  r'revioue studies on L. coroniandelica 

gum identified 6 -(14.--methyl-J>s'gluoopyranoay1uronic acid) j-

galactose, 37 ) but investigators who identified galacturonic 

characterized the aldobiouronio acid as 3--(-'galacto-

pyranosyluronic acid)-D-galaotoae. 

Controlled hydrolysis of Lo humiUe gum, using 0.OIN-sulphuric 

acid, gave degraded gum A in good yield. The hydrolysis was 

followed ohromatogz'aphically, showing that rhamnose was liberated, 

arabinose was readily released in appreciable amount and galactose 

appeared within four hours (unlike the findings of Bhattacharyya 

and. Rao 	in a study of the autohydrolysis of L. oorcmandelioa 
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gum, when galactose appeared after 25 hours). Oligoaacoharides 

were released in trace amount after 36 hours. Also observed were 

fragments shown to have the same paper chromatographic mobilities 

as 	-j-galaotopyranosyl-...u.arabinose, 3-O-f3-Luarabinopyranosyl 

-arabinose and. 3-8-'arabinofuranosyl-L-arabinose.  These are 

well-known products of controlled acid hydrolysis of Acacia gums, 477) 

but only 3-arabinofuranosyl.-arabinose has been reported in 

J. cxoniand.e1ioa gum. 	All three disaccharides were released 

under relatively mild, hydrolysis conditions, suggesting that in 

each case, the reducing arabinose residues were initially present 

in the furanoae form. So the following are structural fragments 

of J. humilis gum:- 

L - Araf 13,L.Ara 	 A f ''' 	Sra 	= 3-L'Araf - = - 	-  

'&_l2 13.'Araf1" 

Degraded gum A gave a brown solution, and optical rotation of the 

gum could not be measured, a problem which has been encountered 

with L. ooroiaaM 	
(4.5) 

elipa gum. 	Estimated 
-

of degraded gum A 

was 4.320  (obtained by end.-group analysis, suggesting that the 

reducing galactose residue is generally not substituted at c..6), 

showing that degradation on autohydrolysis was greater than oould 

be expected by the simple removal of rhamnose and arabinose from 

the periphery of the molecule. The Hn value is in the range 

expected, if random hydrolysis of ca. 3 of the galactopyranosidic 

bonds had occurred 	this would also explain the liberation of 

traces of galactose and galactobioses, revealed by paper 

chromatography, during controlled acid. hydrolysis. Methylated 
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degraded gum L., on methanolysis and hydrolysis, gave 2,3,5- and. 

2,3,4.-tn- and. 20-di-2-methyl--arabinose, 2,3,4.,6-tetra-, 2,3,6-, 
2,4.26- and. 2004.-tn-,  2,6- and. 2,4.-di- and 2-0-methyl-D-galactose, 

2, 3,4.-tri--methyl--gluouronic acid. and 2, 3,4.-tni-O-methyl-D-

galacturonic acid. (table 3B.1). The presence of 2,6-di- and. 

2-0-methyl--galaotose is probably due to undermethylation. This 

suggests that the following non-reducing end-groups are present 

in degraded gum A:- 

i-Ara. 	
' 

J-Galp 

D-CpA 

1) - Gal p A 1.090 

= 
4--]Ie-D-GpA 1.... = 

The presence of a large amount of 20,4,6-tetra-0.i.methylD 

galactose indicates much terminal, non-reducing galactopyranosyl 

residues, a feature already noticed in methylated. autohydrolysed 

L. coromandelica but not observed in any methylated 

degraded Acacia gum studied to date, iith the identification of 

much 214.-di-0-methyl-D-..ga.lactose, this is evidence for degraded. 

gum A being highly branched, 

hydrolysis of degraded gum A with 0.5N-su].phurio acid. for 

1 hour on a boiling water bath yielded degraded gum B. Paper 

chromatography of a portion of this hydrolysate revealed 

3-2-B-D-galact opyranosyl-D-galactose and 6-O--B-galaotopyranosyl-

-galactose, with residual traces of 3--Q6-galaotopyranosyl-

L-arabinose, indicating that the following are structural fragments 

of degraded gum A:- 

103 	1•... 	....T106 
= u-Gal p..,D- Gal p 1.000 
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Degraded gum B again formed a brown solution, preventing measure-

ment of its optical rotation. Estimated Un  of degraded gum B was 

3740 (obtained by end-group analysis, suggesting that the reducing 

galactose residue is generally not substituted. at C-6), showing 

that drastic degradation of degraded gum A had not occurred during 

the hydrolysis reaction. Partial acid hydrolysis of degraded gum B 

again revealed the presence of the $-1,3- and p-1,6-galaotobioses, 

and an examination of methylated degraded gum B revealed the same 

Q-methyl sugars as were present in mothylated degraded gum A, 

with the exception of 2,5-di-0-methyl--arabinose, not detected in 

methylated degraded gum B (table 3B.2). Again 2,3,4.,6-tetra--

methyl--galactose was the major product. The similarity of 

2-methyl galactose residues detected in methylated degraded gums 

A and B suggests their structures are similar. 

To obtain information on the distribution of 8-1 ,,3- and 

p-1.6-linkages in the galactan core of the gum, degraded gum A was 

subjected to a Smith degradation, producing degraded gum C. 

Estimated 	of degraded gum C was 1950  (obtained by end-group 

analysis, suggesting that the reducing galactose residue is 

generall not substituted at c-.6). Partial acid hydrolysis of 

degraded gum C gave the c-1,3-galaotobiose but only trace amounts 

of the .1,,6-galactobiose. Examination of methylated degraded 

gum C showed 20,4.,6-tetra-, 2,316-9 2,4,6- and. 20,4-tn-, 29 6-and. 

2,4.-di- and 2--methyl--galactose (table 3B.3).  The presence of 

2,3,6-tn-, 2,6-di- and 2--methyl--galactose is probably due to 

und.ermethylation of the axial 4-position of galactopyranose. The 

proportions of -methyl sugars detected is evidence that degraded. 

gum C is a galactan composed predominantly of I , 3-glyoosidio 
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linkages with a few f3-1,6-branch points. The identification of 

some 2, 3,1-tr--methyl--galaoto8e in methylated degraded gum C 

indicates a few i-i,6-glyoosi&io linkages exist in degraded gum C 

and that the following is a possible structural fragment of 

degraded gum A:- 

000.3 -Gal io6 

113 	- 

II 

.'. 	D_Ga1v1a1 where R = L-Araf 1'" , 	..Arap 	, - 

*0004 	 1.... 	....6 	1..00 D -Gal 	or 	-Gal = 
Methylated j* humus gum was methanolysed and hydrolysed, 

giving 2,3, 4-tri -met1yl--rhamnose, 20,5-  and 2, 3,1.-tri- and 

2,5di--methyl.-arabinose, 2,,3..4,,6-tetra-, 2,3,6-0  294,6- and 

20,4-tn-, 2,6- and 21,4..di. and. 2-methyl-galaotose, 20,4-

tni-O-methyl-s-glucuronio acid and 2, 3,4-tri--mothyl-D-

galacturonic acid (table 33.4).  The presence of 2#6-di- and 

2-0-methyl--galactose probably arises from undermethylation, and 

no 2-0-methyl--arabinose, found in large amount in methylated 

L. coromandelipp gum by Bhattaoharyya and Mukherjee, 	was 

observed. The presence of 2,3,4-tr--methyl--I, 	in trace 

amount indicates a few non-reducing, end-group L-rhamnose units 

in L. humilis gum and identification of 2,3,5- and 2,3,4tri--

methyl-L-arabinose indicates that arabinose-.containing side chains is 

are terminated by ç..arabinofuranose or -arabinopyranose residues. 

Identification of 2,5-i--ethyl-arabinoae is evidence for 

3-0-substituted L-arabinofuranose residues in the arabinose- 



containing aide chains • The presence of an appreciable amount of 

2,4.-di--methylu'-galaotoee indicates that an appreciable number of 

the i)-galaotoee residues are 3,6-di-2-substituted, and 

identification of 2,3,6-, 2, 1,6-. and. 2,3,4.-tri--methyl-.D-galactose 

is evidence for some 4.-2', 3-.fr and 6-- substituted -galactose 

residues. The presence of a large amount of 2,3,4.,6-tetra-0-

methyl-D-galactose agrees with the results of Bhattaoharyya and 

Mutherjee 	for methylated Le coromandelioa gum but contradicts 

the results of other investigators(56)  of the same gum, and is 

evidence for the presence of many terminal, non-reducing I)-

galactopyranose residues in the gum. The identification of 2,3,4- 

tri--methyl--gluouronic acid and. 2,,. 3-tri--methyl--galacturonic 

acid suests that D-glucuronio, 4.--methyl-D-glucuronio and 

-.galaoturonio acids occur as terminal non-reducing units in the 

whole gum. Vith the known structures of ald.obiouronic acids  

present in the gum, this suggests that the following are structural 

fragments of je humilis gum:- 

106 	 1*000 	 j56 	 16900 4-2-e-D-GpA 

D- 

 

GalpA 14.Dd.alp" 

Further substitution of the galactose residues, to which uronio 

acids are attached, is not ruled out on the evidence obtained. 

Methylation evidence for Le humilis gum and degraded gums A and. B, 

in which smaller amounts of arabinose were present, suggests that 

the arabinose-containing side chains are attached to the galactan 

framework at C-3 and C-6 positions of certain -galactose residues. 
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. hunttits gum was subjected to four successive Smith 

degradations, giving polysaooharid.es  I-IV. Percentage yields were 

low, especially from the first degradation in which a large 

quantity of periodate was reduced and much formic acid formed 

(fig. 3B.1). Dialysis after the acid hydrolysis stage of this 

degradation produced a syrup which, on chromatographic examination, 

revealed traces of ethylene glyco]. (expected from non-reducing 

L-arabinopyranoso residues) and some threito]. (expected. from 

-galactopyranose residues substituted in the if-position, as in 

the a-1,4-linked aldobiouronic acid characterized for the gum)* 

values for polysaooharidos I-IV were obtained by end-

group analysis, suggesting that in each case, the reducing 

galactose residue is generally not substituted at C6. An 

extremely low value of Rnwas  recorded for polysaccharide I (1960), 

a value lower than that of polysaccharide II (3290). Values for 

polysaooharides III and IV (2930  and. 2200 respectively) decrease 

in the expected manner, A possible explanation of these anomalous 

molecular weights is that in the first degradation stago much 

degradation occurs, shown by large values for periodate reduction 

and formic acid release. It is feasible that this drastic 

degradation would produce many fragments of which an appreciable 

proportion are just sufficiently large that they cannot be removed 

by dialysis. These would be equally estimated with larger molecules, 

as each has one reducing end-group, in a determination of 

resulting in a low molecular weight. In a second degradation stage, 

further breakdown of these molecules would result in their removal 

on dialysis, leaving a smaller proportion of very low molecular 

4 
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weight species. An estimation of I would then produce a value 

higher than in the first degradation; subsequent degradations 

would each lower the value of 	• This explanation agrees with 

results of M-SC studies on dyed. polysaccharides I and. II, which 

show the former to be of slightly higher molecular weight 

(fig. 3B.2). The desalting step of the dyeing procedure (67) would 

remove fragments of very low molecular weight, leaving the larger 

fragments present to be examined, by M-SC. The value of 	of 

degraded. gum C agrees closely with that of polysaccharide I, 

suggesting that this feature must be a property of the galactan 

framework of 2e humilis gum. The large degradation occurring on 

the first .3mith degradation stage would be expected to remove the 

terminal, non-reducing -galactopyranose residues shown by 

methylation studies of L. humilis gum and degraded gums A and. B 

but must also have cleaved vulnerable 3-1,6-linked -galactose 

residues within the molecular framework to account for the drastic 

breakdown, implying that long chains of periodate-resistant 3-1,3-

linked -galactose residues are not an important feature of this gum. 

The third, and fourth degradation stages do not cause a large decrease 

in molecular weight, but yields are low, suggesting that in each 

stage, only low molecular weight peripheral units are being removed, 

or that polysaccharides II and. III are structurally heterogeneous, 

some molecules being only slightly broken down whilst others are 

fragmented. 

Optical rotation of the Smith-degraded products decreased to 

a negative value, a feature observed by Dea 71) during studies of 

Apicja dxeDaflolpbjum and Acacia 8cYSJ. gums. Partial acid hydrolysis 
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of polysaccharides I-IV gave, in each case, the -i,3-galactobiose 

but the amount of 3-1 ,6-galaotobiose was small, decreasing to trace 

amounts in 2olysaocharid.e IV. That four successive Smith degradations 

were required to remove all the arabinose units from L. humus gum 

indicates that the arabinose-containing side chains can be no more 

than four units long. 

Examination of methylated polysaooharides I_111 gave the 

-methyl sugars detailed in table 3B.5.  The presence of 2,3,6-tn-, 

2,6-di- and 2_0_methylgalaCtO5e probably arises from under-

methylation. The presence of only trace amounts of 2,5-di-2-

methyl--arabinose in methylated polysacohanido I implies that few 

arabinose aide chains are four units long, an observation confirmed 

by the presence of only trace amounts of 2,3,5-tni--methyl--

arabinose in methylated. polysaccharide III. Identification of 

2,3,1-tri--methyl--arabinO6e in methylated. polysacoharid.e I 

suggests the presence of some arabinopyranose residues but the 

proportion of this component depends on the methylation procedure 

employed. JLrabinopyranose residues should have been removed during 

the first 3mith degradation, and no evidence for chains of arabino-

pyranoso residues has been obtained, so it was not thought that 

this component was of stzuctu'al significance. The predominance of 

2,, 6-tni-Q-methyl--galactose in each methylated polysaochanid.e 

is evidence for most of the -galactose residues beingR,-I..3-linked. 

Identification of 	 in each case 

suggests some D-galactose residues are P-1,6-linked, confirmed by 

identification of the -1,6-galactobiose on partial acid hydrolysis. 

The continued presence of peniod.ate-vulnerable -f , 6-linkaea 
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indicates that they must be revealed, at each stage by the 

progressive removal of arabinose-containing side chains or 

D-galactose residues from the C-3 position of 6-0...substituted 

-galactose units. The presence of 2,394.,6-tetra..  and. 21,4-di-

2-inethyl-D-galactose is evidence for branching occurring in the 

polysaccharides. Polysaccharides I-IV are therefore based on a 

branched galactan made up of e-1,93-linked &galactose residues 

joined by 3-I ,6'linkagea. 

om the structural evidence obtained., some suggestions can 

be made for the structure of Lo humilis gum. A Smith degradation 

study, and methylation analysis of degraded gum C indicate that 
long chains of .I04inked -galactose residues are unlikely to 

be an important feature of the gum. Detection of 20,4-tri-O-

methyl--galaotose in trace amounts in methylated polysaccharides 

I-IV and degraded gum C suggests the rresence of a few 0-1,6-linkod. 
-galaotose residues in each. The presence of 2,-di- and 29 3,4,6-
tetra--methyl--galaotoso in these products would indicate that if 
there is a "main chain" of 8,-i#3-linked2-galactose units in the 
galactan core of the gum, it must carry short side chains of 0-1,3-
linked 

-1,3- 
linked;_)-Galactose residues; the branch points for these would be 

through 2-1,6-linkages [fig. 3B.3(A)J. Alternatively, there could 

be occasional 9-1,6-linkages along a "main chain" of 9-1,3-linked. 

-galactose units; the branch points would then be through P-1.,3--I,3-

linkages linkages to the 9-1,6-linked residues in the'hiain chain" [fig. 3B.3(B)J. 
A randomly branched structure of 9-i ,3-linked chains with 5-1,6-
branch 

-I,6- 

branch points would also satisfy the available structural evidence 

[fig. 313.3(C)]. The ratio of 2,496-tn- to 293,4,6-tetra- and 



2,4.-di-0-methyl-D-galactose, estimated, from g.l.co peak areas, did 

not vary greatly in polysaccharides I-IV, indicating that the same 

degree of branching was present in each. This implies that 

degradations II-IV merely removed peripheral residues, with 

degradation also of the few -1 96-linkages revealed in the previous 

stage, and agrees with the observed small decreases in the values 

Of Xn. If certain molecules had -1,6-linicages in positions such 

that their cleavage resulted in fragmentation of the molecule, the 

low yields obtained would be explained. 

This branched galactan structure was produced essentially by 

a single Smith degradation, evidence for the presence of many 

periodate-vulnerable residues ink. humilis gum. Methylation 
analysis of . humili3 gum and degraded gums A and B revealed much 

294di- and 2,3,,6_tetrai.._mothyl_D_ga1aotose, showing that many 

,2-galactose residues are 3,6-di-O-substituted and many are terminal 

non-reducing units. This suggests a highly branched structure for 

the original gum, an observation in agreement with its low limiting 

flow-time number. Metbylation and hydrolysis studies showed that 

the number of -1,6-linkages decreased markedly on Smith degradation 

of, . humilis gum, indicating that many of these originally present 

were periodate-vulnerable; the remainder must have been substituted, 

either by galactose- or arabinose-containing side chains, at C-3, 

rendering them periodato-resistant. The branched galactan framework 

of . huilis gum therefore appears to be composed of the small 

galaotan structures described for the Smith degradation products 

and degraded gum C, linked by periodate-labile B-1,6-linkages 

(either single, or as a block, or as blocks interspersed with one 
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or more -1,3-liri]cages).  The number of these small galactan 

structures joined together must vary greatly as the molecular 

weight distribution of the gum appears to be extremely broad. The 

e-113.-linked D- alactose residues must be heavily substituted at 

C-6 by single _galactose residues or short galactose side Chains, 

to account for the large number of terminal non-reducing -galactose 

unite. 

Arabinose-containing side ohains are short, only a few 

being four units long. As 2,5-di--methyl--arabinose was the only 

di--methyl--arabinoae observed on examination of methylated 

. humus gum, it seems probable that these chains are 1,3-linked, 

a conclusion supported by the identification of 3---L-arabino-

furanosyl--arabinoae uM 3----arabinopyranoeyl--arabinose, 

released on controlled acid hydrolysis. These disaccharides 

indicate that the 10-linkages  have the -configuration. The 

arabinose side chains are terminated by non-reducing L-arabino-

pyranose or L-arabinofuranose residues, but the identification of 

3-Ora-D-galactopyranosyl-L-arabinose suggests some may be terminated 

by -galactopyranose residues. Uronic acids have been shown to be 

present as tern;lnal, non-reducing units. The mode of attachment of 

k.rhamnose has not been established, but by analogy with Acacia 
(78O8i) g 	

may possibly be linked to the 4.-position of 

glucuronic acid. On methylation analysis, the extremely small 

amount of resulting 2, 3-di-O-methyl--gluouronio acid, would not be 

detected. 

The evidence obtained in this study suggests L. humilis gum 

molecules osaess a branched galactan framework, based on short 



chains of -1 ,3-linked -.galactose residues joined together by 

-10- and. p1,6-linkages. To this framework, at suitable C.-3 

and C-6 positions are attached very short -galactose side chains 

or single -ga1aotose residues, short -arabinose-containing side 

chains, and three different uronic acids. The attachment of L- = 
rhainnose is uncertain. Many chains are terminated by -galacto-

pyranose; no unequivocal proof of a backbone or main chain was 

found. 

Fig. 3B.4 shows a possible structural fragment of . hurnhlis 

gum; this is not intended to represent any repeating unit in the 

structure of the molecule, and is only one of many similar structures 

which, on the basis of evidence obtained, can be proposed for the 

gum. 

This structure differs in several details from typical 

structures proposed for Aoaoia guma.(27O77a82) 	-gaiaoturonio 

acid has not been found. in Acacia gums so Car studied, and the 

number of terminal, non-reducing -galaotopyranose units present 

in L. huinUi gum is greater than observed in any Acacia gum. The 

structure of L. humilis gum has also been shown to be more 

vulnerable to periodate. The galactan core produced by a series 

of 3rnith degradations was similar to that of certain Acacia 

gums. (70,77) 

Analysis of gums from three species of the genus Lannea 

(Section lilA) showed them to be similar, implying that variations 

in structure would be expected to be slight. However the structure 

reported. by Rainachandran and. Joshi5 	for j.  coroinandelica gum 

bears no relation to structural features of L. humilia gum 

elucidated above, and aoubts must be raised as to whether the gum 



they studied did in fact belong to the genus lannee.. Other studies 

on the structure of L. corornand.elica gum (3) and its autohydrolysed 

proauct(40) reveal some features in common with je huinilia gum. The 

structural basis proposed. for Le coromand.elicp gum was a highly-

branched. B-10- and P-1.6-linked galactan to which were attached 

short arabinose-containing side chains and galacturonic acid., but 

the importance (probably wrongly) attached. to 2-0-methyl--arabinoee 

and 2-0-rnethyl--galactose, which presumably arose due to incomplete 

methylation, meant that tri-2-substituted. -arabinose and 

-galactose residues were prominent features of their proposed. 

structure. The linkage of D-galaoturonic acid did not accord with 

that described above for Lo humilis gum and no gluouronic or 

4.-O-etiiylglucuronio acid was observed. Their structural studies 

were incomplete, leading to a proposed structre which would not 

reproduce the results obtained during a Smith degradation study of 

L. humilis gum, and expected in a similar study of L. coromandelica 

gUlfle 



STION IV 

THE GUM EXUDATE FROM AZAD jMQM ZNDIC& A. JUS. 



- 
4..1 	ITiZODUCTION 

dira$hta indioa (also known as ntelaea indioa.. Melia 

azadirachta, jo n&ioa and widely recognised under the native 

vernacular names Nim, Neem and Margosa) (83,84)  and Azadirachtp 

jnterrjfoliola are the only two known members of the genus 

Azad.trachta A. Juzs. (Order, Ceraniales; Family, Meliaoeae). 

integrifoliola is only found in the Phillipines and seems to 

be marginally different from A. ifldioa.(85) 

. ndioa is common throughout India, Ceylon and. Burma, being 

- popular as an ornamental tree, 6) and is also widely cultivated 

for its medicinal vaiue.(87) Its wood is like mahogany and its 

bark is bitter, yielding a gum which was said to be a stimulant(86) 

and which has been in phaxmaceutioal use in India for many 

centuries. 8) Widely introduced into the tropics from India, (89) 

A. jndica trees have been found to improve the soil and it has been 

suggested that this tree could prove useful in Africa. (89) 

The gum exudate from A. indiop has already been the subject 

of chemical study. The electrochemistry of azrechtio acid, a 

polysaccharide prepared by electz'odialysis of A4. indica gum in 

the presence of mineral acid, has been studied., 	and 

investigations into the colloidal properties of A. indica gum(91)  

have shown it to be a polyelectrolyte, behaving as a lyophilio 

colloid.. It has been suggested. 
92 
 that differential thermo-

gravimetric analysis of gums in the neutralised and free acid forms 

would provide a rapid means of identification and characterisation. 

Differential thermogravimetric records for A. indica gum have been 
(92) 	 (93) 

obtained. 	The gum has been found to have 
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equivalent weight 1080 	and to contain nearly 20 proteinaoeoua 

xnateriai. 	Hydrolysis studies have shown 	the presence of 

-galactose and. -arabinose in the ratio 3/2, L-fuoose, 

])-lucuronic acid and a trace of viose; the gum contains the 

aldobiouronic acid i--(-gluoopyranosyluronjo acid) --galacto-

pyx'anoso. The presence of the amino sugar -gluoosamine in 2.9 

amount has been demonstrated.. 

. inclica gum therefore possess several unusual features: 

(a) the strongly negative optical rotation, (b) the presence of 

fucose, (C) the gluoosainine content of 2.9) 0  and (a) the presence 

of about M. proteinaoeous material, (values of the protein content 

of purified plant gums usually range from 0.2 6>). 

This section comprises experiments confirming the presence of 

fucose,rlose and appreciable amounts of an amino sugar, together 

with some studies on the proteinaceous component of A. indica gum. 

4.2 kSSULTS 

Purjfioatjon of Samples 

A. indica gum, sample A, was obtained in October, 1967 from 

Mr L. .ijesinghe, Research Laboratory of the Conservator of Forests, 

9, Kew ioad., Colombo 2, Ceylon. A., indica gum, sample B, was 

obtained in May, 1968 from Dr. D. B. Deb, Regional Botanist, Botanical 

Survey of India, Southern Circle, Coiinbatore. 

The samples dissolved in cold water after several hours. The 

solutions were filtered then dialysed for several days; the 

purified gums were recovered as freeze-dried products. Recoveries, 
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on a dry weight basis, were 80 and 76 for samples A and B 

respectively. 

Estimation of Hexosaniine in A. indies. Gum 

Two procedures, based on the colorimetric method of Elson and 

Morgans(95)  were employed. 

The first procedure was that of icirj')  (which is 

essentially the method used by Belcher et al 	), but was 

modified at the neutralisation stage. Portions (30 mg and. 50 mg) 

of gum were hydrolysed. with 2N-hydroohloric acid for 6 hours 

on a boiling water bath, conditions which should result in complete 

hydrolysis of hexosamine without its degradations (75v76) 

Hydrolysis with 4N-hydrochloric acid, for 6 hours on a boiling water 

bath gave a concordant result, but a duplicate experiment with 6N-

hydrochloric acid gave a result that was slightly low, indicating 

that degradation effects were becoming important. The hydrolysate 

was clecolourised with charcoal, made just alkaline to 

phenolphthalein, and its volume was adjusted to 25 nil • To aliquots 

(1, 2 and 3 ml) was added I ml of a solution of acetylacetone (1 ml) 

in N-sodium carbonate solution (50 ml), and volumes were adjusted 

to 4. ml with distilled water. The solutions were heated on a 

boiling water bath for 10 mm, cooled, and volumes were adjusted. 

to 9 ml with ethanol. After heating on a water bath at 75°C for 

5 mm, I nil of a solution of p-dimethylaininobenzald.ehyde (0.8 g) in 

ION-hydrochloric acid (Go ml) was added, and solutions were 

reheated at 750C for 30 min with occasional shaking. After cooling, 

volumes were adjusted to 10 inl with ethanol and optical densities 

were read on a TJnioam SPI300 spectrophotometer wing filter 3, 
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against a blank prepared by treating a portion (2 ml) of the 

neutralised hydrolysate with distilled water (i ml) instead of 

acetylacetone solution (i ml) in the above procedure. The 

hexosaxnine content was read from a calibration curve prepared using 

Am 
sgluoosainine. This method gave:- 

hexosamine (as gluoosamine) in A. indica gum, sample A = 2.1% 

The second procedure was that of Lakehini and. Fattabireman, 

based on the method described by Levvy and MoAllan, 8)  but 

modified at the hydrolysis stage, and. at the colour development 

stage, where gentle heating wasemployed-b(98 ) Portions (60 mg) 

of gum were hydrolysed, neutralised, and solution volumes were 

adjusted to 25 nil as described in the first procedure. To aliquots 

(0.5, 1.0 and. 1.5 ml), made up to 1.5 ml with distilled water, were 

added 0.16M-sodium tetraborate solution (1.5 ml) and. 5% acetic 

anhydride in acetone (0.15 ni). Solutions were mixed, heated on a 

boiling water bath for 5 mm, cooled, and 1.5 ml p-dimethylamino-

benzaldehyde solution [i0%#  in a mixture of glacial acetic acid 

(90 ml) and. ION-hydrochloric acid. (10 ml)] was added. After 

heating on a water bath at 370C for 20 mm, volumes were made up 

to 10 ml with ethanol and optical densities were read on a Unicam 

5P1300 spectrophotometer using filter 39 against a blank prepared 

by treating the neutralised. hydrolysate (1 ml) with acetone 

(0.15 ml) instead of acetic anhydride in acetone (0.15 nil) in the 

above procedure. The hexozainino content was obtained from a 

calibration curve for gluooaaznine. This method. gave:- 

hexosainine (as giucoss'n1e) in . .nd.ica gum samples A and. 

B = 2.0 and. 2.2% respectively. 
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Removal of Protein from A. indica Gum, Sample A 

;.ttexnpts were made to deproteinise . indica gum. Portions 

(1 g) of the crude gum were dissolved in water (20 ml), filtered 

through class wool, then treated by the following methods:- 

The cum solution was adjusted to pH 5 with glacial acetic 

aoid. and. 10 volumes of acetone were added with stirring. The 

precipitate was collected by vacuum filtration, washed with 

acetone, then ether, and dried over calcium ohlorido 75) 

This whole gum served as a "blank". The same conditions of 

precipitation were also used as the final stage of each of the 

following procedures. 

To the gum solution (20 ml) was added ethanol, until a 

small precipitate had. formed. The solution was centrifuged, the 

supernatant was dialysed. for 2 days, then the gum was recovered 

by precipitation. 

(o) The gum solution (20 ml) was shaken with chloroform (4 ml) 

and. n-butano]. (0.8 ml) for 30 mm (Sevag technique), and the 

resulting emulsion was centrifuged.. The aqueous layer was 

separated, the procedure was repeated, then the gum was recovered 

by precipitation. 

(a) 	The gum solution (20 ml) was shaken with 192, 2-trifluoro- 

1,1,2-triohloroethane (is ml) for 30 min then centrifuged. The 

aqueous layer was separated from the gelatinous and non-aqueous 

layers. This procedure was repeated. twice. The aqueous layer was 

dialysed for 2 days, then the gum was recovered by precipitation. 
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(e) To the gum solution (20 ml) was added trichioroacetic acid. 

0.6 g). After standing overnight, the solution was shaken for 

90 mm, Gently heated and cooled, then filtered. The filtrate was 

&ialysed. for 2 days, then the gum was recovered by precipitation. 

(e) To the gum solution (20 ml) was added 2N-trifluoroacetio 

acid. (20 ml). After standing overnight, the solution was shaken 

for 90 min and centrifuged. The supernatant was dialysed for 2 

days, then the gum was recovered by precipitation. 

The gum solution (20 ml) was treated with 1C sodium 

tungstate solution (6.7 ml) and. 0.6N-sulphuric acid. (6.7 ml) and 

allowed to stand for 10 mm. The solution was heated to boiling, 

cooled and allowed to stand overnight, then filtered and dialysed. 

for 2 days. The gum was recovered by precipitation. 

The gum solution (20 ml) was stirred with sodium borohydrld.e 

(0.2 g) for 3 hours, then allowed to stand overnight. After 

filtration, the solution was dialysed. for 2 days then the gum was 

recovered by precipitation. 

Ci) The pH of the gum solution (20 ml) was adjusted to 1.5-2.0 

with N-hydrochloric acid., and. pepsin (50 mg; twice crystallised 

from alcohol, L. Licht and Co. Ltd..) was added. The solution was 

incubated at 37°C for 48 hours, the pH being regularly readjusted 

to '1.5-2.0. The pH was then adjusted to 7.5 with 2N-sodium 

hydroxide solution, and. trypsin (so mg; twice orystalliseci, 

Sigma Chern. Co.) was added. The solution was again incubated at 

37°C for 48 hours, the pH being maintained at 7.5. The reaction 

was stopped by addition of an equal volume of 20i triohloroaoetio 
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acid solution, the mixture was centrifuged, for 1 hour and the 

supernatant was dialysed for 3 days • To ensure that no enzyme 

remained., the solution was treated. with 1,2, 2-trifluoro-1 , 1,2-

trichioroethane (25 ml) as described, in method (d). After further 

dialysis for 3 days, the gum was recovered by precipitation. 

(j) iurified . indica gum (1 g) was dissolved, in tris buffer, 

pH 8.0 (10 ml) then calcium chloride (80 mg) and. pronase (6.6 mg; 
Sigma Chem. Co.) was added. This solution was heated under reflux 

at 60°C on a water bath for 24. hours, then reaction was stopped 
by addition of an equal volume of 2C) triohloroacetio acid. solution. 
After centrifugation, the solution was twice treated with 1,21,2-
trifluoro-1 ,1 ,2-trichloroethane (20 ml) as described in method (a) 

to ensure no enzyme remained, then dialysed for 3 days. The gum 

was recovered by precipitation. 

The nitrogen content of each of these products was determined 

by the Kjelaahl method, and results, together with alterations in 

protein content, are shown in table 4..1. 

Molecular-Sieve ChromatoKraphio Studies of the Protgip C2m1ent 

of A. inaica Gums  Sample A 

In a study of Acacia oampylacantha gum, it was proposeP 

that the use of a 13io-(el A-5m molecular-sieve column with a sodium 
chloride/urea/dithiothroitOl eluant led to "no significant reduction 

in the proportions of aggregated polysaccharide ...... but the 

protein aggregates were successively broken down". An absence of 

protein in the molecular-sieving range of the column using this 

eluant, was taken to imply that covalent linkages between the 
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carbohydrate and protein components of Aoaoia camrylacantha gum do 

not exist. The use of such a column for the study of Azadiraohtp 

indica gun was investigated. 

..zadirachta indica gum (50 mg) was dyed. 	with Prooion 

Red 11-2B dye • Molecular-sieve chromatography (N-SC) of dyed and. 

undyed.".* indica gum was performed on the following columns:- 

Bio-Col A-5m (40 x 1.5 om) using N-sodium chloride solution 

as eluant at flow-rate of 0.3 ml/mine 

Bio-G-el A-5m (3x 1.5 cm) using N-sodium chloride/7M-urea/ 

0.005 (w/v) dithiothreitol/0.05N-tris buffer (pH 9.0) as eluant 

at flow-rate of 0.1 ml/mine 

Application,-3 to column (a) were made in 2M-3odium chloride solution 

(i ml). Applications to column (b) were made in I ml of a 

21I-sodium ohloride/7M-urea/0. 1) (w/v) dithiothreitol/0.05M-tris 

buffer (p11 9.0) solution, after standing in this solvent for a 

stated. time. 

Portions 0 mg) of dyed. A. indica gum were applied to 

column (a), and to column (b) after standing in solvent for 0 hours 

and. 24 hours., Elution diagrams were obtained using an automated 

colorimetric method 	(fig. 4..I). Portions (6 mg) of undyed gum 

were applied to column (a), and to column (b) after standing in 

solvent for 0, 24.  and 114. hours. Slution diagrams were obtained 

by screening eluant for protein at 254. run (fig. )+.1). Elution 

diagrams of dyed and und.yed gums on column (a) were similar, but 

with enhancement of the void volume peak of the undyed. sample. 

Elution volumes of peaks were smaller when column (b) was employed, 
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but the peak which appeared as a shoulder on column (a) was 

resolved on column (b). Allowing the dyed gum to stand for some 

time in the solvent before application to column (b) appeared to 

have little effect on its elution properties, but this treatment 

resulted in a diminution of the peak, appearing at elution volume 

45 ml, in the elution diagram of the un&yed.  sample (fig. 4..1). 

The large peak at elution volume 80 ml (fig. 4..1) was tentatively 

identified as dithiothreitol present in the applied sample solution. 

These ohromatograms also indicate that, unlike Acacia oampylaoantba 

gum, 	Azadirachta indica gum must stand in solvent for more than 

21+  hours for maximum breakdown to occur. The time of standing in 

solvent and dithiothreitol content of solvent were then varied, 

to determine whether further breakdown could be achieved. 

Portions (io mg) of. Indica gum were dissolved in solvent 

( I ml) and, applied to column (b) after 0, 24., 1.8, 72 and. 100 

hours. (These larger applications of gum were employed to enlarge 

the peaks present in the elution diagrams). Chromatograms obtained 

after standing in solvent for 0 and 24 hours were identical to 

figs. 4.1(5) and 4.1(6) respectively; traces obtained after periods 

of 489  72 and 100 hours were all identical to fig. 4..i(7). Results 

indicate that the elution diagram undergoes no further alteration 

after 48 hours. 

Portions (10 mg) of A. indiop gum were dissolved in solvent 

(j ml), the dithiothreitol concentration of which was varied, then 

applied to column (b) after 24 and 48 hours. Concentrations of 

dithiothreitol employed were 0.2a, 094-'and 0.8, (w/v). Resulting 

chromatograms are shown in fig. 4.2. The peak eluted. at 80 ml was 
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found to increase as dithiothreitol concentration in the solvent 

increased.. An ultraviolet spectrum of solvent containing 0.1% 

dithiothreitol, using column eluant as blank, showed a strong 

absorption at 254. nm. As these solutions differed only in 

sodium chloride and dithiothreitol concentrations, the peak eluted 

at 80 ml must be due to dithiothreitol in the solvent. The 

proposal, by Munro, 	that protein aggregates in Acacia 

gamDylpQantba gum were broken down to small polypeptides, eluted 

near the exclusion volume, seems unlikely, this peak being largely 

(if not entirely) due to dithiolhreitol. Chromatograms also showed 

that when the gum was allowed to stand. for 4.8 hours in solvent, in 

which the dithiothreitol concentration was 0.4 (w/v), before 

application to column (b), no peak at elution volume 4.5 nil [figa 

was found. There were no further changes in the elution 

diagram when the dithiothreitol concentration was increased. to 

0.8%. A further run using gum which had stood for 110 hours in 

solvent of dithiothreito]. concentration 0.8% also produced an 

elution diagram identical to fig. 4..2(6). 

Undyed A. indiop gum (10 mg) was allowed to stand in solvent 

(1 ml, 0.1+,-,'(w/v) dithiothreitol) for 4.8 hours, then applied to 

column (b)# Fractions were collected and screened by the phenol-

sulphuric acid method,13)   producing the elution diagram shown in 

fig. 4..2(7).  It is similar to the trace obtained by screening at 

254 nm, but the main peak oluted. at 36 ml is greatly enlarged, and 
dithiothreitol was not detected. Portions (5 mg) of dyed gum were 

dissolved in solvent (1 ml, 0.4%  (w/v) dithiothreitol), applied to 

column (b) after 24 and. 48 hours, and screened. coiorimetrioaiiy. 
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Elution diagrams were identical to those obtained with solvent of 

dithiothreitol concentration 0.1,. [figs, Ji..i(3) and 4..1(4)J.  When 

the dithiothroitol concentration was raised to 0.8 (w/v), the dye 

was degraded, producing a brown solution. Dyed polysaccharides are 

therefore unsuited to studies such as this. 

Allowing As indica gum to stand for 48 hours in a solvent 

containing 0.14$ (w/v) dithiothreitol resulted in the disappearance 

of a peak appearing as a shoulder on column (a), and distinct on 

column (b) at lower dithiothreitol concentrations. To investigate 

the jffeot of this apparent breakdown, a quantity of gum was 

fractionated by M-SC using these same conditions. Two fractions 

were obtained, corresponding to material oluted before and after 

the elution volume of the trough in the elution diagram left by 

the disappearance of this peak (see fig. 4..2). 

A column (31x 3.7 cm) of Bio-ae]. A-5m was prepared, using 

M-sodium chloride/71,,I-urea/0.005;,'O (w/v) dithiothreitol/O .051A-tria 

buffer (pH 9.0) as eluant at a flow-rate of 0.5 nil/mm. 

Applications were made in 8 ml of a 2]-3odium chloride/7M-urea/ 

0.4$ (w/v) dithiothreitol/0.05M-tria buffer (pH 9.0) solution, 

after standing in this solvent for 4.8 hours. As indcp gum (ioo mg) 

was applied to this column and screened for protein at 254. rim. The 

resulting trace was identical to that obtained under the same 

conditions on column (b) [fig. 4.2(4.)],  but peak elution volumes 

were increased. A. indica gum (total 2 g) was fractionated in 

twenty consecutive portions each of 0.1 g, monitoring each 

fractionation at 254. nm. Fractions I and II were obtained by 

mixing the material eluted over the regions of the elution diagram 
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d.escribed. above. Fractions I and II were exhaustively dialysea 

against running tap water, concentrated, centrifuged, to remove a 

slight precipitate, then freeze-dried. The precipitate was shown 

to arise from a slight, continuous bleed from the column, by 

collection and examination of a portion of column eluant. 

To obtain a reference sample, and to investigate further the 

action of the application solution on A. indies gum, a portion of 

gum (2 g) was allowed to stand in this solvent (160 ml) for 4.3 hours. 

The solution was exhaustively dialysed, filtered, and the product 

was recovered by freeze-drying (fraction III). 

To ensure that urea did not remain in fractions I-Ill, eath 

fraction was redissolved in distilled water (50 ml) and sodium 

chloride (2 g) was added, to weaken any hydrogen bonding present. 

Solutions were dialysed against several changes of distilled 

water, and. fractions 1-111 were recovered as the freeze-dried 

products. 

Analytical xamination of A. ind4pa Qum Samples A and 13 and. 

Fractions I-Ill 

Yields and results of analyses of these products are shown 

in table 4..2. 

Portions (20 mg) of samples A and. B and. fractions I-Ill were 

hydrolysed. with N-sulphuric acid. for 7 hours on a boiling water 
bath. Paper chromatography of the hydrolysates in solvents (a), 

(b) and (c) indicated the presence, in each, of galactose, 

arabinose, lesser amounts of mannoso, small amounts of xylose and 

fucose, and trace amounts of rhamnose. Chromatography in solvent (o) 



also indicated the presence in each sample of two acidic components 

with the mobilities of I -(o--g].uoopyranosyluronio acid)- .2. 
galactose (minor component, Rgal 0.28) and 42-(1- 	& -methyl*- 

gluoopyranosy].uronic aoid)--ga.laotose (major component, 
Rgal 

 0.66). 

Further portions (20 mg) of each product were hydrolysed with 

2N-.3ulphuric acid for 7 hours on a boiling water bath. Paper 

chromatography of the hydro].ysates in solvents (a), (c) and (Ii) 

indicated the presence, in each, of the above neutral sugars 

together with 4i2-methylgluouronio acid and small amounts of 

glucuronic acid and gluourono.-6, 3-laot one. On the chromatograms 

of each hyd.rolyaate, the relative intensities of spots were similar, 

so the carbohydrate compositions of the samples are probably 

similar. 

Portions (50 mg) of samples A and B and fractions I-Ill were 

dyed 	with Procion Rod. 11-2B dye. Dyed polysaccharides (3-4 mg) 

were dissolved in 2M-sodium chloride (0.5 ml) and examined by M-SC 

on a column (40 x 1.5 cm) of Bio-(el Au.5m  using 11-sodium chloride 

as eluant at a flow-rate of 0.5 ml/mine Elution diagrams, obtained 

by an automated colorimnetric method 	are shown in fig. 2..3, 

Samples A and B were similar but with sample B having a larger void 

volume peak, and a distinct peak rather than a shoulder at elution 

volume 69 ml. Fraction I was of higher molecular weight than 

fraction II (having a similar elution volume to samples .L"5. and. B), 

and fractions I and. II had traces of each other as impurity. 

Fraction III showed two peaks corresponding to those of fractions 

I and II, indicating that breakdown had occurred on standing with 

sodium ohloride/urea/d.ithiotbreitol/tris solvent, but complete 

reagregation had not occurred on its removal. 
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Portions (containing Ca. 2 mg protein) of samples A and B 

and. fractions I-Ill were hydrolysed and examined for amino acids. 

Results are 8hOWfl in table 4.3. Nitrogen recoveries were high, 

indicating satisfactory analyses. The major amino acid was, in 

each case, aspartic acid with the other common amino acids, except 

mothionine, present in appreciable amount. . inlica gum samples 

A and. B were similar, differing slightly in proline and methionine 

content, but sample A and fraction III were almost identical. 

Fractions I and. II showed only slight differences from each other 

and from the other samples. A component whose elution corresponded 

to that of glucosainine was found in appreciable quantity in all 

five samples. 

4.3 DISCUSSION 

To investigate a series of results, unusual in a gum exudate, 

viz, high negative optical rotation, 	the presence of fucoae, 

an appreciable amount of an amino sugar, 	and, about 20,"k;'of 

proteinaoeous material, 	found for Azadirachta incica gum, 	two 

samples of this gum were obtained for study. Preliminary 

investigations on the purified samples showed that the gum was 

readily soluble in d.istiUed, water, possessed a high negative 

optical rotation, though rather lower than that reported by 

Mukherjee and 	 and gave a nitrogen value which 

indicated a protein content almost twice that found (by a different 

method) by Lakshmi and. Pattabiraman. 	A more detailed 

investigation of the samples, together with fractions I-'III 

obtained by molecular-sieve chromatography of. indica gum, was 
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made, and results are discussed later. 

Amino sugars have been widely studied, due to their occurrence 

in many of the natural products isolated from animal (including 

human) and microbial 	 A gluoosaminecontaining 

oligosaooharide has been isolated from the haparin-protein linkage 
(mi) protein preparations from akin tissue have been 

shown (102) to contain glucosRmlrte and galactosamine and the 

hexosaiaine content at hen egg albumin has been inveatigated..(103) 

Other studies on amino sugars include their identification in the 

bacterial ceii.wai1,004  and their distribution in u.(105006) 

Naturally, this widespread occurrence has led to much work on their 

identification, (107)  and determination. Rapid, automated methods 

for bexoaamine determination 1081109)  and for the estimation of 

gluooaamine and gal.aotosnmine in mixtures(iio,iii)  using anion" 

exchange chromatography have been described. Methods have been 

adapted to micro-scale determinations, (112y 113) and analyses 

of amino sugars by gas-liquid ohroxnatography(hh14  and mass 

speotrometr7(115) have been suggested. 

The distribution of amino sugars in plants, however, has so 

far appeared to be restricted to a few species 0%)  and, until 

1967# 	no study of their distribution in plant gum exudates had 

been made. A study of nine plant gums 	produced evidence for 

the presence of an amino sugar, present in 2.9 amount and 

characterized as -glucoaamine, only in the case of . tndica gum. 

Analyses, described in this section, for amino sugars in A6  ind.ipp 

gum samples A and I, confirm the presence of hexosamine, but in 



amount (2.0 2.) rather lower than that claimed by Lakshmi and. 

Pattabiraman. 	The methods employed were similar to that of 

Lakshmi and. Pattabiraman, but included modifications to take 

advantage of milder hydrolysis conditions, a more efficient 

neutralisation procedure than that of King, (96)  and the improved 

colour development found on heating. Analyses for hexosamine in 

the gums from Khavp nypsi.Qa, Le senegalensja1  Fagara maorophv3.3.p, 

F. xanthoxyloid.es  and. Boawellia papyrif era by the same methods 

were made, and produced negative results. These, together with 

the results of Lakshmi. and Pattabirainan 	would seem to indicate 

that few gum exudates PO8SCSS hexosamine,, but amino acid analyses 

of plant gums of the J.45nnea (section lilA), Aoaoi.a 	and 

Arpucarip 	genera all show small quantities of a component whose 

elution corresponds tkw that of glucosamine. It is possible that 

the colorixnetric methods of hexosamine determination used above 

and used by Lakshmi and Pattabiraman 	were subject to marked 

interference by the large quantity of carbohydrate and protein 

present in the gums, despite attempts to use suitable blank 

solutions, producing negative results for gums of low hexosamine 

content • This would imply that the value of 2-3>6 hexosamine in 

A. indica gum is probably low. Future work on this topic could 

possibly involve further investigation of the hydrolysis conditions 

resulting in maximum yield of amino sugars from plant gums, then 

careful separation of the amino sugars from other constituents by 

ion-exchange chromatography(h10hf 1) before estimation by a 

suitable method. This would prevent the interference effects 

suggested by the above results. 
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Preliminary determination of nitrogen content of ilo inclica 

gum suggested a protein content of ca. 35. Natural products in 

which polysaccharide and protein components are involved are very 

common, and may or may not involve covalent bonding betwee i the 

components. It has been suggested that the presence of nitrogen 

in plant gums may be of fundamental Si ifioanoe(75960)  despite 

some 	 of a plant gum possessing no nitrogen (see 

Section lilA). Attempts to remove most, if not all, of the protein 

from A. indica gum were largely unsuccessful, shown by nitrogen 

determinations on the products recovered (table 4.1).  Preferential 

precipitation using ethanol was found to remove carbohydrate 

material, leaving a product enriched in protein. The reason for 

this is not clear; protein was obviously not preferentially 

precipitated, but a partial precipitation of the gum itself would 

be expected to remove he material of highest molecular weight, a 

fraction which has been ShOWfl(7017)  to contain more nitrogen than 

lower molecular weight fractions. This is confirmed by later 

studied. on A. indicp gum by M-SC [figs. 4.1(1) and 4.1(2)). 

When using chloroform and butanol, or 1,2,2trifluoro-1,1,2-

trichioroethane, a small amount of material observed at the inter-

face could not have been merely denatured protein, as a slight 

increase in protein content of the gum was observed in each case. 

Trio loroacetic and trifluoroaoetio acids are in common use as 

protein precipitating agents, but were found to have little effect 

on the gum (even when solutions were shaken and heated to encourage 

precipitation), slightly increasing and decreasing the observed 

protein content respectively. The protein content was unaffected 

by sodium borohydrida solution, which has been found to be the 
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best solvent for a water-insoluble gel present in Acacia 

d'epanolobium gum, (118) possibly bee-use it reduces protein 

disulphide bonds, (119)  interfering with interactions causing 

aggregation. An appreciable drop in protein was found after treat-

merit with tungatio acid solution, but the conditions employed. 

(heating and standing at low pH) would be expected to adversely 

affect the polysacchar'id.e. The use of enzymes, especially pronase, 

markedly decreased the protein content, but again the conditions 

employed (low pH with pepsin, heating at 600C for 24 hours with 

pronase) could affect the olysacoharide component. It has been 

observed 
(120)  that aggregation of protein molecules will only occur 

if the concentration is sufficiently high, but treatment of a 20 

gum solution (5 ml) with 2O' triohloroacetic acid, solution (5 ml) 

still produced no precipitate, even after standing overnight. 

These results indicate that the protein and carbohydrate components 

of A. indiop gum are strongly attached., perhaps covalent].y bonded., 

as the common agents for precipitation of protein from solution by 

alteration of protein bonds, both intra- and intermolecular, had 

little or no effect on the gume Enzymes, on the other hand., did 

remove appreciable quantities of protein, but these act by cleavage 

of protein chains rather than by affecting the protein molecule as 

a whole, so their activity should be little influenced by the nature 

of any protein-polysaceharid.e bonding. The possibility, that the 

other methods did remove a large amount of protein, producing small 

polysaccharide fragments which did not precipitate with the 

remaining gum molecules, leaving the nitrogen content undisturbed, 

must be discounted, because at no stage in these methods was a 
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large amount of denatured protein observed, and because the product 

after treatment with pronase had lost more than 50, of its protein, 

yet still precipitated satisfactorily. 

The effect, on As thdioa gum, of M-SC on a column of Bio-Gel 

A-5m using a sodium ohlorid.e/urea/dithiothreitol/tris solution as 

solvent and eluant 	[column (b)] was studied, and compared with 

results using a sodium chloride solution as solvent and eluant 

[column (a)]. Urea is a known protein denaturant (121) which acts 

by breaking hydrophobic bonds as well as by interacting with 

peptide bonds.. 22) while dithiothreitol is known to reduce 

disulphide bonds in proteins ,( 19) The presence of sodium chloride 

should minimise electrostatic bonding. The solvent used with 

column (b) should therefore disrupt all but covalent bonds (if 

present) between carbohydrate and protein, and the use of a similar 

solution as eluant should prevent any recombination during M-SC. 

Such a solvent has been employed previously (123) to obtain 

consistent molecular weights of proteins, by breaking all but 

primary bonds* 

iaution volumes on column (b) were found to be considerably 

lower than on column (a) (fig. 4.1), which is possibly due to the 

prevention of intramolecular hydrogen bonding by urea, resulting in 

expanded gum molecules; this expansion effect has been observed 

with serum lbumin.(1 ) Column (b) was able to distinguish a peak 

observed only as a shoulder on column (a) (fig. 4.1), which perhaps 

implies slight differences in intramolecular bonding of the molecules 

of the two peaks. It was observed (fig. 4.1) that the quantity of 

dithiothreitol used. by Munro 	was insufficient to completely alter 



the elution diagram of A. indica gum. Experiments to determine 

optimum time of standing in solvent before M-SC was performed, and 

dithiothreitol concentration required, showed (figs. 4..1 and. 4..2), 

that standing in solvent of dithiothreitol concentration O.4 for 

4.8 hours resulted in breakdown of the peak which had appeared as a 

shoulder on column (a), and that the elution diagram underwent no 

further alteration when dithiothreitol concentration and/or time of 

standing was increased. These results might imply that the peak 

which had disappeared was due to molecules in which there was non-

covalent bonding between the carbohydrate and protein components. 

The other main peaks were unaffected by this solvent, suggesting 

that they were perhaps due to molecules in which the carbohydrate 

and protein components were covalently bonded. Why a component 

involving non-oovalent linkages, if present, was not removed during 

attempted d.oproteinisation is not clear. It is probable that this 

component would possess hydrogen, electrostatic, hydrophobic and 

disulphide linkages, but unlike the solvent employed in M-SC studies, 

which was designed to break all of these bonds, methods used in 

attempted deproteinisation must have been unable to break sufficient 

of these bonds to allow protein to precipitate. It was found that 

dyed polysaccharides were unsuited for studies involving dithio- 

threitol concentrations of greater than cao 	but it is unlikely 

that results obtained using dyed gums would have been valid in any 

case; dye molecules bond to the constituent residues of the poly-

saccharide component and, to a lesser extent, of the protein 

component, probably altering the intramolecular bonds. Screening 

by the phenol-sulphuric acid method(13)  after M-SC of undyed. 



indica gum on column (b), using the optimum conditions detailed 

above, produced an elution diagram [fig. 4.2(7)] similar to that 

obtained by screening for protein at 251k. run [fig. 4.2(4)], but 

the peak eluting at 37 ml was much enhanced, implying that the 

first (void volume) peak had a higher ratio of protein to carbo-

hydrate than this second peak. This is consistent with elution 

diagrams of dyed gum (screened colorimetricaily) and undyed gum 

(screened. at 254 nm) on column (a) [figs. 4.1(1) and. 4..1(2)], 

and agrees with previous investigations on the high molecular 

weight fraction of Acacia gumsS 7017)  

A portion (2 g) of . indica gum was fractionated on a large 

column of Bio-Gel A-5m using sodium chloride/urea/dithiothreitol/ 

tris solution as solvent and eluant. Fractions I and II comprised 

material eluted before and after the position of the trough in the 

elution diagram duo to disappearance of the peak, discussed. above. 

Fraction I should correspond to the higher molecular weight protion 

of the original gum, and fraction II to material of lower molecular 

weight than the main carbohydrate peak of the gum (fig. 4.2). A 

third fraction was obtained by treatment of gum with solvent, then 

recovering the gum without having performed 1st-SC. 

A, indiop gum samples A and. B were analysed, together with 

fractions I-Ill (table 4.2). samples A and. B were found to be 

similar, but sample B was of higher molecular weight, consistent 

with its higher limiting flow-time number. Otherwise the analytical 

parameters agree closely, and show that A. indica gum has a high 

negative optical rotation, and. 35 -  37.5 proteinaoeous material. 

The gum also has much uronic acid; the large methorl content and 
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hydrolysis studies show this to be largely 4.-2-methylglucuronio 

acid. The values of /d.o found for samples A and. B are appreciably 

higher than values for gums of the Lannep (see section lilA) and. 

Aoacijenera. Fraction III was found to be similar to sample A, 

showing that treatment of the gum with a sodium chloride/urea/ 

dithiothreitol/tria solvent does not result in drastic breakdown. 

The limiting flow-time number and nitrogen content of fraction III 

are lower than those of sample A, suggesting perhaps some slight 

degradation and loss of a little loosely-bound, protein. Fractions 

I and II do not differ greatly from the other samples, but 

fraction I has a low content of proteinaceous material. The high 

molecular weight of fraction I is consistent with it being the 

high molecular weight fraction of the gum, and the low limiting 

flow-'time number of fraction II is expected, as it is the low 

molecular weight fraction. Fractions I and. II also possess a high 

negative optical rotation. 

M-SC examination (fig. 4.3) showed samples A and B to be 

similar, with minor differences in the peak appearing at the void. 

volume (which depends on the dyeing procedure), and that appearing 

as a shoulder in sample A, but distinct in sample Be Fraction I 

showed a sharper peak than sample A, due to removal of low molecular 

weight material, with a trace of fraction II remaining. Fraction II 

contained a trace of fraction I and was found to be of low molecular 

weight. Fraction III showed peaks corresponding to fractions I and 

II which is consistent with its observed limiting flow-time number. 

Breakdown caused by the solvent appears, therefore, to be largely 

irreversible, with little reaggregation occurring on removal of 



the sodium sodium chlorid.e/urea/dithiothrejtol/trjs solution. The effect 

of dithiothreitol by itself on Acacia o irlaoartha gum has been 

shownM  to be reversible, reaggregation occurring on its removal. 

Hydrolysis studies on samples A and B and fractions I-Ill 

verified the presence in Je indies, gum of galactose, arabinose and 

ma1 amounts of fucose and zylose, which were reported by earlier 

investigators, 	but macnose in appreciable amount and rhamnose 

in trace amount were also detected. The uronic acids present in 

the gui were found to be glucuronic acid (minor component) and. 

4mi-methylgluouronio acid. (majorcomponent),, and evidence for the 

presence of the aldobiouronic acids 4.0- (crgluoopyranoeyluronio 

acid.) -1galactose and 4au. (4.methylsmgiuoopyranosy1uronio 

aoid)u.-galaotose was obtained. Mannose, rhwnnose and 4-,9.-
methylglucuronic acid, were not identified in the earlier study. 

Possibly the use of methylation analysis, by these investigators, 

to identify the ald.obiouronio aoid salt obtained., prevented 

distinction between gluouronio acid and --met}ylglucuronio acid.. 

Chromatograms of the h.ydrolyaates of samples A and B and. fractions 

1-III were observed to be similar, indicating no gross differences 

in the carbohydrate constituents of each, suggesting that the 

solvent used for M-SC fractionation affected protein bonding, but 

had little or no effect on polysacoharide chains. This might 

imply that, at least in the molecules degraded by this solvent, 

the polysaccharide chains are relatively short, (dyed fraction II 

eluted near the exclusion volume of a Bio...Gel A-5m column), being 

compounded into larger aggregates by protein interactions. 



Amino acid analyses of samples A and. B and. fractions 1-111 

are shown in table 4.3, and reveal only minor variations between 

the samples. The large nitrogen recoveries would indicate that 

virtually all the nitrogen of As indica gum is proteinaceoua. 

The value for proteinaceous material in the gum reported by 

Lakehini and Pattabiraman 	would therefore seem to be low. The 

difference is not due to the different purification method employed, 

as a sample purified by their procedure was found to have a protein 

content of 34.4 (table 4.1), a value differing only slightly from 

that of gum purified in the usual way (table 4.2) (due probably to 

no correction for residual moisture in the former product being 

made). Almost all the common amino acids are present in appreciable 

amount in each sample, perhaps indicating that the proteins 

occurring in the gum are of fairly high molecular weight, rather 

than being present as many short peptide chains. Aspartic acid 

was found in largest amount. As expected, a component corresponding 

to glucosamine was found in samples A and B and also in each of the 

fractions. The possibility therefore exists of a linkage region 

between carbohydrate and protein components of the gum involving 

aspartic acid and. glucosamine (or more probably N-acyl glucosamine 

in the original 	 Such a linkage occurs in animal glyco- 

proteins, and has been demonstrated in plants, in a glycopeptide 

from Soybean hemaglutinin(125)  which contained maimose, N-acetyl 

glucosamine and aspartic acid.. The aspartic acid was shown to be 

directly 1inkè1 to N-acetyl glucosamine and the suggested linkage 

was 1-L-r4aapartamido-(2-aoetamido)-1 , 2-dideoxy-B--glucose. 

Mannose has also been identified in A. indioa gum. The quantities 
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of glucosaminej, calculated from the amino acid analysis traces for 

each sample, were sample A I .7, sample B I .2, fraction I 100/1," 

fraction II 2.7,,  fraction III 1.6;i. The degradation of glucosamine 

might be expected to be less than in the case of the Lanneas 

(Section lIlA) due to the presence of smaller amounts of carbo-

hydrate, but would probably still be at least 8O.(7,76) Assuming 

this degradation, glucosamine contents of the original samples 

would be sample A 8.5>, sample B 6.0,, fraction I 5.0,, fraction II 

13.5;, fraction III 8.0. This would tend to confirm that earlier 

estimations of hexosamine gave rather low values. Future invest-

igators of this topic might attempt to isolate glycopeptidos from 

A. indiop gum, probably by enzymic hydrolysis, for which details 

of any carbohydrate-protein covalent linkages could be elucidated. 



SAW 

AUTOMAThD MOLCULR.SIEVE CHRO}ATOGRAPff OF POLYSACCHID3 
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5.1 

Molecular-sieve obromatograp} (M..sC), also known as gel 

filtration and gel permóation chromatography, is a rapid, high. 

resolution, analytical teolmique used in the measurement of 

molecular sizes and molecular weight distributions of heterogeneous 

systems, for estimation of molecular weight of macromolecules, and 

for studying equilibria and system interactions (126)0  Since its 

development began about 1953,  application of the technique has boon 

extended to a wide range of compounds, especially those of a poly-

meric or biological nature • The mechanism of separation is unique 

among oolizim fractionations, being primarily based on the differing 

rates with which molecules of various sizes in solution migrate 

through porous granules packed in a oolimm (127),  rather than 

depending on solubility or adsorption differences. When other such 

foaturos occur, it is usually possible to turn their exiatenoe to 

additional advantage (126,129) • The method has been scaled up, 

making separation of gram-quantities possible (130) , scaled down to 

separations on the micro scale (131,132) , and  speededup to give 

serarations in 0.3-30 mm 
(131,133)

•  Thin layer M-SC is widely 

used 
(134035) 

 a
i 	135),  

A considerable range of porous gels, glass and silica materials 

is now available commercially for ooli.unu packing, and this range 

will probably increase in the near fixture, Manufacturer's data for 

such products is usually obtained using charaoterised proteins, 

dextrwzs or polystyrene fractions; their performance with other 

types of polymer (e.g* acidic polysacaharides) frequently differs, 

and must be evaluated. Pore-size distribution 	and particle 
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size of the packing material, eluant composition, flow rate and 

column shape(137)  have significant influence on the degree of 

separation attainable* Except for polymer systems that have been 

rigorously characterized., the most suitable molecular-sieve and 

optimum chromatographic parameters are best found by experiment. 

In earlier studies on acidic polysaooharides(82 h17) , 

elution patterns were obtained by collecting many small fractions, 

which were individually screened by the phenol-sulphuric acid. 

method0 • When many runs have to be performed, an automated 

method for continuous monitoring of effluent from columns is clearly 

required, 6everal methods are available, including differential 

(138) 	 (139) 	 (114.0) 
refractometry 	, densitometry 	, spectroscopy 	, radio- 

active labelling 	; flame-ionization, conductivity 	
14.3) 

and differential vapour-pressure 	detectors, and. polarography 1 
45) 

 

Not all of these methods are suitable for column effluents containing 

polysaccharides; a suitable technique using available laboratory 

equipment was required. 

Dudman and. Bishop (67) recently described the reaction of 

"Procion'1  dyes (I.c.i. Ltd.) with polysacoharid.es. Coloured deriv-

atives were studied by electrophoresis on cellulose acetate film, 

overcoming the difficulty of detection of undyed material studied by 

this technique. The authors found a pure polygalacturonan was 

completely resistant to the dyes tested, a polysaccharide containing 

ca. 30 uronic acid was dyed only to a, slight extent, but they did 

not report results for acidic gum polysaceharides. Mention was made 

of the posr3ib:iJity of using dyed polysaccharides to monitor the 

behaviour of polysaccharides in gel filtration and other chromato-

graphic systems. 

In this study, the use of the dyeing technique for monitoring 
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M-SC is explored. Development work was shared with iir. (now Dr.) .C. 

Munro; unless stated otherwise, the results quoted here are from my 

own experiments. 

5.2 EITAL 

rolysacoharides were dyed according to the procedure used. by 

Dudman and Bishop (7) 	polysaccharides (50 mg) in water (5 ml) 

were mixed, with fresh solutions of Prooion Brilliant Red. 11-2B dye 

(50 mg) in water (5 ml). After 5 win, sodium chloride (200 mg) was 

added, followed by sodium carbonate (10 mg) after a further 30 win. 

Solutions were allowed to stand overnight. M-SC on a column 

(35x 2.5 cm) of Sephadex G-25 using distilled water as eluant 

sepamted the dyed polysaccharides, eluted at the void volume of the 

column, from residual dye and inorganic salts. The solutions of 

dyed polysacoharides were freeze-dried. 

Dyed polysacoharide (210 mg) in 2M-30c3.iurn chloride solution 

(0.5 - 1.0 ml) was applied with care to the top of a column containing  

an appropriate molecular-sieve. Elution was carried out with 

M-sodium chloride solution at flow-rates of 0.5-2.0 ml/win, when 

automated analysis took Ca. 2 hours. 

The apparatus used to monitor the effluent from the column is 

shown in fig. 5.1(1). The effluent was passed into a stoppered 

glass cell (3 ml) in a Unicam SPI300 colorimeter set at filter 3. 

The cell-outlet tube was adjusted in length to give an internal oell 

volume of ca. I ml,, and connected to a water-pump via a measuring 

cylinder (100 or 250 ml). The water-pump maintained constant cell 
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volume, and to ensure that no auction was applied, to the column, a 

third tube was left open to the air. Polythene capillary tubing was 

used throughout for all connections. More recently, the apparatus 

was improved by disconnecting the filter-pump, blocking the air-inlet 

tube and ensuring the stopper fitted tightly on the coil 

[fig. 5.1(2)]. The column effluent then passed directly through the 

cell without suction being necessary. The colorimeter light beam 

was attenuated to below the solution level in the cell, and the 

photocell output from the colorimeter fed to a recorder (Kent Mark 3 

Electronic) via an impedance matching device (Vibron Electrometer 

Model 33B) • The input resistor of the recorder was increased from 

I to 2.5 Ohms, giving a recorder deflection of 10 inches at minimum 

output from the photocell. This particular combination of 

instruments is, of course, not unique; mioro.sflow colorimeters, 

(fhoenix 11"'l,C 800) give an optical path length of 20 mm for a cell 

hold-up volume of only 0.035 ml if increased sensitivity is 

essential, 

It was found that over the period of any run, column flow-rate 

was sufficiently constant for peak elution volumes to be obtained by 

interpolation, if the effluent volume in the measuring cylinder was 

read at the start and finish of each run. As the colorimeter output 

was logarithmic and recorder scale linear, peak heights and areas 

were estimated by calibrating the recorder chart for various readings 

on the colorimeter scale. 

Some elution diagrams showed a small peak at the same elution 

volume as free dye. This peak was not always reproducible when 

polysaccharides were re-dyed and examined and could be eliminated 

by increasing the quantity of sodium carbonate used in the dyeing 
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procedure to 25 ag • Increased quantity (20-30 mg) of sodium 

carbonate was also required for satisfactory dyeing of poly-

saccharides of high uronio acid content, or containing sulphate 

groups. 

The work described in this section was carried out using 

Procion Brilliant Red. J-2B dye • With the appropriate filter in the 

colorimeter, Procion Blue J43(  dye was also found to give 

satisfactory results. A survey of a wide range of 'tProoion" dyes 

has shown (v 
 that they all readily dye acidic polysaccharides, 

but colorimeter response to the dye colours can vary, depending on 

efficiency of the filter available. 

The method detailed above is unsuitable for compounds of 

molecular weight less than oa. 1500, as difficulty is encountered 

in freeing the dyed compound from un.reacted dye and inorganic salts. 

In certain cases (see Section Iv), conditions may have to be 

employed which destroy the dye, when again colorimetrio monitoring 

is unsuitable. 

5.3 R.isuI4$ 

Comparison of olecular..ievjng Proierties ofl PY 

Polyeaooharjd.ea. 

Using I"sodiurn chloride solution as eluant at flow-rates Of 

1,0- 2.0 ml/min, samples of dyed and. undyed. Acacia qyanophylla and. 

Acacia J&eja gum polysaccharides were run on a column (39x 3 cm) of 

Sepharose 4.13, and samples of dyed and. undyed Laimep hwnilis gum were 

run on a system of columns (each 40x1.5 am) of Porasil C. Porasil B 
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and. Porasil I., connected in series. The following method was 

employed:- 

(a) 

mployed:-

(a) Undyod. polysaccharide (3-6 mg) in 2K-sodium chloride solution 

(i ml) was applied to the column. Fractions (2.1 ml) were collected 

and analysed for carbohydrate by the phenol-sulphuric acid method (13), 

Optical density of the fractions was read on a Unioam SF1300 

colorimeter (filter 2). 

(b) Dyed. polysaccharide (5-10 mg) in 2M-sodium chloride solution 

(1 ml) was applied to the column and fractions (2.1 ml) were again 

collected. Optical density of the fractions was read on a Unlearn 

SPI300 eolorizueter (filter 3). (This run was not performed with 

dyed. Lannea humil gum). 

() The column was connected to the automatic monitoring system 

described above. Dyed polysaooharid.e (510 mg) in 2}1-3odium 

chloride solution 0 ml) was applied to the column, and its elution 

diagram recorded, 

Results are shown in fig. 5.2. In each case, good agreement 

in elution volume was found, although the peak appearing at the void 

volume of the column was enhanced after dyeing the polysaocharid.e. 

Jimilar experiments with Aoacip campylacantha gum on a column 

(39x 3 cm) of Sepharose ZB also indicated no change in elution 

proper-ties after dyeing 

RapjçeofIidic l21yac2harides toThh_t1e Dyeinp Techniquj 

be Applied. 

It was of interest to investigate whether the dyeing technique 

was widely applicable in the field of acidic gum polysaceharides. 
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Accordingly, samples of the gums from Acacia 22anohyl]4, Acgci 

oamrvlacantha, Macu laeta, Acqoja pyLnan, kNMga coromaz4elioa, 

La  nea sohneri, Lannea humiUs. Smith-degraded and acid-degraded 

polysaccharides from Lannea humilis (ace Section III B), Azairaoht 

tri 	bretum grandifolium.. Prunus ayjs, 1Qiaaega.ensis, 

icgr qq2 narj, Arauca.ria raucana, AlbLzia glaberrima, 

i-carra8eenan (sulphate ester, 1Q),  and Dextran 109  Dextran 20, 

Dextran 80, Dextran 110 and Dextran 150 (Pharmacia Ltd.), were dyed. 

All but Khaya seiealensi.s and i-oarrageenan were found to dye readily, 

and even these were sufficiently coloured for I-SC to be performed, 

when the quantity of sodium carbonate used in the dyeing procedure 

was increased from 10 mg to 20..30 mg. 

M--SC of dyed samples was performed on columns of Biotr.Gei A5m 

(35x 1.5 cm and. 40x 1.5 cm), Bio-Gel P..10 (35x 1.5 cm), Sepharoso 1B 

(35 x 1.5 cm) and a system of columns (each 40 x 1.5 cm) of Porasil C, 

Porasil B and Porasil A connected in series, using M-'sodium chloride 

solution as eluant, at flow-'rates of 0.5 2.0 mi/mine Results are 

shown in table 5.1, and some elution diagrams in fig. 5-3- 

I would like to thank Mr. I.R.A. Millar for examining the 

behavior of Lannea huTn.Ui5 and dyed tha3ra senoalensi and 

i-carragennan on the Porasil C, Porasil B, Porasil A system. 

Yatj.QZ3 p Some CQmmercja?,.31  jvlable. MQo:Lumn Materials. 

Until recently, M-SC has been performed on gel columns and 

much of the work on acidic gum polysacoharides restricted to 

flio.'.Ge2. P-300 (71,17) . The range of commercially available 

materials includes porous gels, glasses and silicas,, and use was 
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made of the rapid, automated method described in this section, to 

evaluate a selection of these. 

Using JA-aocU.um  chloride solution as e].uant, at flow-rates of 

0.5 -2.0 ml/min, and employing the dyed Acacias, Larrneas and Dextrans 

detailed above, elution properties of columns of Bio.&el A-5m 

(35x1.5 cm and 40x1.5 cm), m.o...Ge1 P-300  (40x1.5 cm), Bio-(el 

P..10 (35x1.5 cm), Sepharoae 2B (37x1.5 em), Sepharose 4.B (35x1.5om), 

Bio-Glas-500 (33x 1.5 cm), Bio-Glas-1500 (43x 1.5 cm), Corning CPC 

10-1250 (1.3x1.5 cm), Porasil A (40x1.5 cm), Porasil B (40x1.5 cm), 

Porasil C (40 x 1.5 cm) and. Porasil E (37x 1.5 cm) were investigated. 

Elution properties were also investigated for a column system 

obtained by connecting the Porasil C, Porasil B and Porasil A 

oolumns in series; the minimum length of polythene capillary tubing 

was used for connections, and when system was in operation, it was 

arranged that bed material of the second and third columns was just 

covered by eluant, to minimise mixing. A comparison of column 

materials is given in table 5.2, and some typical elution diagrams 

are shown in fig. 5.4.. 

Because of its rigidity, porous glass or porous silica lends 

itself to work with higher flow-rates than can be attained using 

porous gels. Rune were performed on the column (40x 1.5 cm) of 

Porasil C at flow-rates of ca. 10 mi/mm, to determine whether 

resolution still was satisfactory; to apply a sample, eluant flow 

was stopped, polysaccharide (3-5 mg) in 2M-sodium chloride solution 

(o.5 Y.ti) was carefully layered on the Porasil then oluant flow 

restarted. Plow-rates of ca. 10 ml/min were obtained by positioning 

the oluant reservoir about 95 cm above the top of the column. Under 
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these conditions, runs were complete in 9 mm. Results are shown in 

fig. 5.5. 

5.1. DISCUSSION 

To obtain best possible results from M-SC, as well as other 

techniques, operational parameters must be optimisod. (14B9114-9) 2 

e.g. the most useful column material, flow-rate and oluant must be 

chosen. This involves repeated trial runs, and when a commercial 

it-SC instrument is not available, an automated method of recording 

elution diagrams is essential, individual analysis of collected 

fractions being laborious and time-consuming. The automated, color-

imotric technique described in this section is simple, inexpensive 

to set up, and has been shown to give satisfactory elution diagrams 

for the range of acidic polyaacoharid.es  studied. Caution should, 

however, be exercised when extending the method to other types of 

compounds. Elution diagrams of dyed and undyed material must be 

compared, to ensure that unexpected effects do not occur. 

"Procion" dyes (150) are diohlorotriazinyl dyes which, by 

possessing suiphonic acid groups, are readily soluble in water. In 

neutral solution, physical adsorption and possibly some hydrogen 

bonding take place between dye and polysaccharide,, but there is no 

formation of covalent bonds until alkali has been added. It has 

been determined that "Prooion" dyes react with compounds containing 

primary hydrol  groups approximately seven times faster than with 

compounds containing secondary hydroxyl groups (150).  So additional 

sodium carbonate must be added to overcome the acidity of a poly-

saccharide which has a high uronic acid content, although dyeing will 
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be loss intense because uronic acid residues contain no primary 

hydroxyl group. Additional alkali must also be used when dyeing a 

carragoenan. The small, exclusion volume peak found occasionally in 

M-SC traces was probably dye which had been physically adsorbed, but 

not chemically bonded, then released on subsequent storage. This 

would account for its disappearance when more sodium carbonate was 

used in the dyeing procedure. Incomplete desalting by M-SC on the 

Sephad.ex C-.25 column would, if present, enlarge this peak. 

The autcsnated. M-SC method described involves application of 

dyed sample to a column and continuous monitoring of optical density 

of effluent. The progress of the sample through the column is 

visible (a return to true chromatography), enabling poor results due 

to inconsistencies in column flow to be immediately detected. The 

modification to the system, whereby the filter-pump may be removed, 

offers the advantage that liquid level in the colorimeter can is 

steadier and precipitation of some salt from the eluant, at the top 

of the cell, is avoided. No difference in elution properties was 

noticed after removal of the filter-pump. 

Elution volumes of dyed and undyed polysaccharides were shown 

to be aqua]., within experimental limits (fig. 5.2). This is surprising, 

as addition of dye to a molecule would be expected to increase its 

molecular weight, so decreasing its elution volume. From the increase 

in nitrogen content due to dyeing, quantity of dye incorporated into 

the polysacoharide could be calculated. This fell in the range 7, 

for AoaoJA cyaxig,hyUa (weakly dyed) to 16% for Aoacja oemiylacantha 

(strongly dyed). These results are similar to values obtained by a 

different method by Dudman and. Bishop 
(67)

, and correspond to a 

molecular weight increase of 8-18,. It is unlikely that this 
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relatively small increase would be resolved by the M-SC system used. 

The constancy of elution volumes is important for interpretation of 

subsequent 1-SC elution diagrams. 

The relative proportion of the peak eluted at the void volume 

of a column was usually enhanced after dyeing (fig. 5.2), and may be 

partially due to preferential reaction of dye with high molecular- 

weight material 	• But after bonding with a hydroxyl group of 

a polysaccharides, the dye molecule still possesses a reactive 

chlorine atom, and can undergo hydrolysis, react with another 

hydroxyl group of the same polysacoharide, or react with a hydroxyl 

group of another polysacoharide. The occurrence of this last 

possibility would enhance the higher region of molecular weight 

distribution, and may contribute to an increased void volume peak 

without affecting elution volumes of other peaks. Similar effects 

have been noticed with molecular aggregates in a hietooheinioal 

staining reaction for protein-bound carboxyl groups 
(151) 

?4-SC of a series of dextrans showed their elution to be in 

order of decreasing molecular weight (table 5.1), obeying generally 

accepted theories of WII.SC (127)• Dextrans have been used to calib-

rate molecular-sieve columns for determination of molecular 
(71,i7) 

weights 	, so dyed dextrans would appear to be suitable 

standards for molecular weight determinations of dyed polysaccharides. 

Care must still be exercised when calibration is carried out with 

fractions of dissimilar structure to the polymer under investigation; 

methods of overcoming this difficulty have been described in the 
(152,133) 

literature 	• A wide range of acidic gum polysaccharides 

were found to dye readily, so molecular weights can be quickly and. 
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easily estimated if care is taken over column calibration. An idea 

of molecular weight distribution may be readily obtained, if it is 

borne in mind, that the distribution is probably weighted to the 

region of high molecular weight, compared to that found by screening 

fractions of undyed polysacoharide. The extent of application of 

this colorimetrio method seems to cover gum exudates from many 

genera, which vary widely in structure and u'onio acid content, and 

offers a quick, easy comparison of a series of samples. 

Use was made of this rapid method to evaluate some of the 

commercially available !-SC column materials. It was found that 

porous gels give extremely good. resolutions (figs. 5.2, 5.3, 5.4.), 
with Bio-&el A.5m  and Sepharose 4.3 being the most generally useful 

for a range of gum exudates. The former has a slightly wider 

sieving-range, producing better resolution of peaks. Sepharose 23 

is of use for material of high molecular weight (fig. 5.)+), whilst 

310-Gel P-300 and Bio-'.0-el P-jO sieve in much lower molecular weight 

ranges (cs. 5.3, 5.4.). Drawbacks to the use of softer gels are 

that packing a column takes some time, flow-rates are low, and tops 

of the gel beds require stabilisation (usually a 1 cm band of a 

firmer gel e.g. Blo-Gel P-14. or Sepha.dex G-1 5)o All gels are prone 

to bacteria], attack, although the use of sodium azid.e, th,inol or 

other bacteriostatic agents delays its onset. 

Results using porous glasses were poor. Bio-Glas-500 and 

Bio-Glas-1500 may have been incompletely silanised, and recently a 

more efficient silanisation method than that recommended by the 
(154.) 

manufacturir bas been published 	• Adsorption effects were 

noticed, but were saturated after the first few runs. Some 
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separation of peaks was obtained. (fig. 5.1.) but resolution was much 

poorer than that of porous gels. Corning CPG. 10-1250 showed similar 

results • This material was not silanised before use (manufacturer's 

advice). 

Although the sieving range of porous silicas was found to be 

rather less than that of porous gels, resolution still was satis-

factory (figs. 5.1, 5.5).  Porasil C and Porasil E were shown to be 

of suitable sieving range for a wide variety of acidic polysaoo-

haridos • Initial adsorption effects found. with Porasil A and 

Porasil B were saturated in the first few runs, but the use of 

"deactivated Porasila" (ass) would offer advantages* i.aao of 

packing, stability and rigidity of column beds and resistance to 

bacterial attack, combined with satisfactory sieving properties mean 

that porous silica columns are extremely useful. In an attempt to 

extend sieving ranges, Porasil C, Porasil B and. Porasil A were 

connected in series. A alight loss in resolution of high molecular 

weight material was noticed.; Dextran 150 elutes just after the void 

volume on Porasil C, yet its elution volume on the three-column 

system was indistinguishable from the void volume. However, elution 

diagrams of dyed. polysacoharides (figs. 5.2, 5.3) were satisfactory. 

The use of longer columns, taking advantage of the high flow-rates 

possible with porous glass and silica columns, would also overcome 

the problem of restricted sieving-ranges. 

The stability of porous silica columns enables flow-rate to 

be increased., and elution times considerably shortened.. A study of 

operational parameters of fast N-SC at flow rates up to 12.5 ml/min  

has shown (133) that sacrifices in terms of resolution and peak 
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width should be much smaller than predicted by theory. The use of 

small Sephadex columns [10.5x(4050) mza] at high pressure (up to 

60 p.a4.) enables runs to be completed in 20-100 see, but the 

column must be renewed after each run 031).  At flow-rates of 

10 ml/min on a column (40x1.5 cm) of Porasil C, elution was 

complete in 9 mm (fig. 5.5). Past M--3C with porous silica further 

enhanced the peak which appears at the void volume, and elution 

volumes were decreased somewhat (fig. 5.5), probably due to some 
compression of bed material, but were reproducible. M-SC at high 

flow-rates would be extremely useful when many runs had to be 

performed. 



A COMPARISON OF TWO YHODS OF POLYWXCHAMDE MTHThATION 
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During a study of structural features of L. humus gum, the 

opportunity was taken to compare two methods of methylation. The 

methods compared were (1) the combined Haworth and. Purdie 

procedures (19,20) and. (2) the sodium hydride, methyl iodide, 

dimethylsul'hoxide procedure (21); 	• kurnilia gum and its Smith 

degradation product, polysaccharide I, were subjected to each of 

these methylation methods. 

Gum 	ample Methylation Yield. OMeMethod 	 () 
Optical 
rotation 

j. huniilis gum (i) 76 00 4-1.6 

L. humilis gum (2) 86 -11°  40.5 

polysacoharide I Ci) 78 - 0.5 40.4 

polysaccharide I (2) 94. -360  41.9 

Rather better yields were obtained using method (2), but its 

products had more negative optical rotations than those from 

method (i). An attempt to obtain a value of Rw  of L. humilis gum 

methylated by each procedure failed, due to lack of material. Each 

product was methanolysed and examined by gl.c. then the mixtures 

of methyl glycosides were hydrolysed and examined chromato-

graphically in solvents (e) and (f) (tables 3B.4., 3B.5 and page 4.6). 
The ratio of major -methyl--galactose sugars was found to be 

similar in each case, but some differences in the ohromatograms 

were observed. The ratio of 2,3,4-- to 2,3,5-tri-0-methyl--

arabinose was higher after methylation by procedure (2), but this 

method resulted in only traces of 29 6-di- and 2--0-methyl--

galaotose from methylated L. humilis gum, and only traces of 
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2,3,6-tn-, 2,6-di- and 2-0-methyl-D-galactose from methylated. 

polysaccharide I. The reason for a variation in the ratio of 

tni-O-methyl--arabinose residues is not obvious, but the absence 
aa 

of products of undermethylation suggests this procedure is more 

efficient. 

Attempted remethylation, by further Purd.ie procedures, of 

the products obtained by procedure (1) produced a slight drop in 

methoxyl content, probably due to some silver impurity. Values of 

O!o > 39, were therefore taken to imply complete motbylation, but 

it would appear that the method employed for methoxyl determination 

is insficiently sensitive to detect the minor variation in Me 

value due to the small amounts of undermethylation products present 

in samples methylated by procedure (1). The assumption that 

2,3,6-tn-, 2,6-di- and 2- metbyl--galactose residues were 

produced by undermethylation, made during studies on degradation 

products of j* humi].is gum, would appear to be justified from the 

results of met}ylation by procedure (2). 

These experiments would indicate that the sodium hydride, 

methyl iodide, dimethylsulphoxide procedure results in a more 

efficient metbylation than the Haworth and Purdie procedures. 

Investigation is, however, required into the reasons for variations 

in optical rotation and in ratios of 2,3,4.-  to 2,3,5-tri-0-methy]... 

-arabinose residues. A previous study (156  advised caution in the 

interpretation of results obtained from gums having significant 

proportions of L-rhaxnnopyranose residues as end-groups, attached 

to position 4.  of -gluouronic acid, when methylated by the sodium 

hydride, methyl iodide, d.imethylaulphoxLd.e procedure, but such 
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residues 10 not occur to any Creat extent in L. humilis gum. It 

is suggested that both methods be compared over a wider range of 

polysacoharides to assess the importance of the variation of 

results observed. 



APFNDIX IX 

Tfl4iLAYiR ELECTROPHORrSI3 OF DYiD POLYSACCHAJaD1 
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D'i4u.n and Bishop 	prepared dyed polysacoharides for use 

in cellulose acetate elootrophoresis. They reported cellulose 

acetate to be the only satisfactory support, agar and polyacrylaxnicle 

gels, filter paper and glass-fibre paper giving broad bands with 

dyed polysaocharidea and not resolving mixtures. 

The use of thins-layer eleotrophoresis on Phoroalides 

(Millipore Ltd.), with O.IM-ammonium carbonate buffer (p11 8.9)0  

0.IM-acetate buffer (pH 4..7) or  0.05M-borate  buffer (pH 9.2) as 

electrolyte, for investigation of polyaaooharides dyed with 

Prooion Brilliant Red Ms-2B dye, was evaluated.. Dyed poly-

saccharides were shown to migrate faster than uniyed samples but 

useful separations, based primarily on uronic acid content of the 

polysaooharidee, were observed (fig. A.1). Fig. A.2 shows 

separation of a mixture of dyed Dextz'an 110 (uronic acid 0%), 

and dyed gums from Maoia oamiylaoant1m (uronic acid = ) and 

Aoao pyanopkwUa(uronie acid = 25%). Separation is clearly 

seen in as little as I mm. The mobility of the dextran probably 

indicates the influence of dye on elootrophoretic migration. 

Thin-layer eleotrophoresis on Phoroslides appears to be a 

useful alternative to cellulose acetate eleotrophoresia for dyed 

polyaaooharid.es, producing useful resolution of components of 

mixtures in a shorter time interval. As was found. with Ms-SC 

(see Section v), the ability to observe migration of a dyed 

sample is extremely useful, and the use of dyed polysaooharides, 

by dispensing with the need for subsequent detection of bands 

after electrophoresis, offers advantages in terms of time and 

effort required, over corresponding work with undyed samples. 



TABLES 



TA)3LE 3A.1 

ANALYSES OF PURItiD LANA GUM SAMPLS 

Lanne,p lannep 
- 

Leg ne 
cormaneiics, hwdU 9A hq4Uig,,B 30h4.mperi 

Moisture, 11.8 10.6 12.9 7.2 
Ash, % 3.5 2.5 2.6 
Nitrogen, 	(a) 0.22 0.28 0.29 0.27 

Protein, % (Nx6.25) 1.38 1.75 1.81 1.69 

Methozyl, 	
(b) 1.6 0.4. 0.4. 0.9 

Uronic anhydride 
(d.ecarbolation), 	b 17 13 14. 17 

(b) +27 +360 +4.3 +30 

Limiting flow-time 
number, ml g 1  (a) 11.7 9.6 8.7 1444 

Molecular weight,R 	(ago) 2.57x105  3.10x105  2.57xf05  2.41x105  

Sugar composition; (b,d) 
galactose, Z 69.5 72.5 75 69.5 
arabinose, If 13 11 10 
rhamnose, 2.5 3 2 3.5 
uronio acid., 	(°) 17 11.5 12 17 

Formic acid released on 
periodate oxidation (b) 
	3-54 	

4..54. 	4..13 	5.26 
(mg polysaccharide))  

Per-iodate consumed 
(mM/g polysaccharide) (b) 	9.26 	10.13 	10.00 	10.4.3 

Periodate consumed. 
Formic acid. released 	2.62 	2.24. 	2.4.2 	1.99 

corrected for moisture and ash contents, 

corrected for moisture, ash and protein contents. 

(o) in M-sodium chloride at 270C; the value dXl/d.c = 0.154. (found 
for the sample of I. ooromande4 gum by Dr. I .0 .M. Dea) was 
used for all samples. 

(d.) sugars calculated as anhydro forms, 

(e) average of d.eoarboxylation value and value calculated from 
equivalent weight. 
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Ik&4E 3A.2 

ANALYSES OF PUflIFLD ELECTRODIALY$ED LNEA GUM SAMPLES 

Lazm 	Lannea 	bloea 	Lannea 

coromandolioa hund.1,A husnilts,B sohiurperi 

Moisture, % 	 8.8 	9.0 	8.1. 	8.9 

Ash, 	 0.4 	0.2 	0.2 	0.014. 

Equivalent 

weight, g (a) 	1060 	1595 	1612 	1059 

Uronic 	
(b) 	17 	 11 	 11 	 17 

anhydrid.e, % 

corrected for moisture and ash contents. 

calculated on the basis that all acidity arises from uronic 
acid. groups. 
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TABLE 3A..3 

A1ttNO ACID ANALYS23 OF PURID LANIflA GUM SAMPLES (a) 

Lannes Lannea Lannea Larinea 

ae4.Iwilis,A Iwzi]4a,B sp1jpez'j 

lysine 21 31 33 13 
histidine 6 5 0 6 

ammonia (b) (b) (b) (b) 
arginine 18 21 25 15 

threonine 161 134. 135 210 

serino 206 128 132 260 

glutainic acid 79 73 78 34. 
proline 125 220 203 148 

glycine 33 34. 34. 28 
alanine 56 69 83 50 
valine 39 54. 45 30 
isoleucine 39 42 45 17 

leucine 138 110 115 130 
tyrosine 37 42 40 37 
phenylalanine 12 24. 21 14. 

glucosamine 10 14. 11 9 

nitrogen 
recQJ (o) 	3 	 2% 	22% 	 22$ 

values are expressed as ttmoles amino acid per 1000 tnioles 
total. 

value included, only in nitrogen recovery. 

expressed as % recovery of Kjeld.ah]. nitrogen. 



TABLE 3B.1 

XJaNATION OF }4ETHANOLYSIS AND HYDROLYSIS PRODUCTS FROM,  

MITHYLATD D HADiD CTJ1 A 

-methyl sugar identified. 	 Approximate relative 
molar proportions 

20,5-tri-O-methyl--arabinoae 0.1 

2, 3,4-tri-O-mot1yl--arabiriose trace 

20-di--methyl--arabinose trace 

2,3,4, 6-tetra-O-methyl--galaotose 7 

2,3, 6-tri--methyl-D-galactose I 

2,4., 6-tri-O-methyl--galaotose 4. 

2, 3,4.-tri-O-methyl-D-galaotoae 0.5 

2, 6-di--methyl-.galactose 0.5 

2,4-di-2-methyl-D-ga3.actoae 5 

2-0-methyl--alaot ose I 

2, 3,4-tri-O-mothyl-D-gluouronio acid.* 2 

2, 3,4-tri-  methyl-D-ga.lacturonio acid. 	 I 

* as methyl ester methyl glycoside 

see table 3B.4 for retention times and R. values 
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TABLE 3B.2 

NATION 	Hi OF IETNOIYSIS AND HYDROLYSIS PRODUCTS FROM 
METHYLATD DEGRADSD GUM B 

0-methyl sugar identified. 	 Approximate relative 
molar proportions 

2,3, 5-tri--methylLuu.arabinose 	 trace 

2, 3,4.-tri-O-methyl-L-arabinose 	 trace 

2,3,4., 6tetra..Omethyl.øD_galaotose 	 6 

20,6-tri-O-methyl-D-galaotose 	 0.5 

2,4., G-tri-O-'methyl-D.galactose 	 4 

20,4.-tri-O-methyl.D.-galaotose 	 0.2 

2, 6-di--mothyl-D-galaotose 	 0.2 

2,4.*.di_O_methyli.D_galactose 	 4 

2-0-methyl-,D-galactose 	 I 

2, 3,4.-tri-O..methyl-D..g1ucurorjc acid* 	 1.5 

2, 3,4.-tri-O.methyl-D-galaoturonje acid* 	0.5 

* as methyl ester methyl glycoside 

see table 3B.)+ for retention times and. 	values 



TAME  3B.3 

J1ATI2I' OF MTHANOLYSIS ID HYDROLYSIS PRODUCTS FROU  

METHYLATiD DiiU)D GUM C 

0-methyl sugar identified Approximate relative 
molar proportions 

20, i, 6-t etra-O-methyl-galactose 	 I 

2,3, 6-tri-O-methyl-galactose 	 0.1 

2,, 6-tr-met1yl--galactoso 	 9 

2, 3,4.-tri--methyl--galaotoae 	 trace 

2, 6-di-O-metbyl--ga1aotose 	 2 

2 ,l..di*i-O-methylgalact ose 	 trace 

2-0-met hyl-D-galaotoee 

' see table 3B.I+  for retention times and RG  values 



0.1.9 1.02 1.03 2,3,4-tri--methyl--rhamno3e 
0.5890.74 0.95 1.03 2, 3,5-tri-O-methyl-L-arabinose 

1.25 0.79 0.75 2,3,4-tri-0-methyl-L-arabinose 
(1.95)9(2.35) 0.81 0.80 2,5-di-0-methyl-3çarabinose 

1.78 0.88 0.80 2, 3,4,6-tetra-0-methyl-D--galaotose 
(3.23), (4.00), (t4..41) 0.74 0.48 2,3,6-tri-0-methy].--ga3.actose 

4.21,4.55 0.74 0.40 2,4.,6-tri-0-.methy].-D-ga3.aotose 
(7.45) 0.74. 0.35 20,4.-tri--methyl--.galactose 
11.36 0.53 0.20 2,6-di-0-inet}iyl-2-galactose 

17.80919.60 0.53 0.12 2,4-di-07methyl--galactose 
- 0.37 0.04. 2--methyl--galactose 

(2.35)1,(3.21) - - 20,4.-tri-2-niethyl-2-glucuronic acid 
(7.4.5) - - 2,3,4-tri-0-inethyl-D-galaoturonio acid* 

0.54. 
0.63,0.77 

1.07 
(1.4.2),(2.10) 

1.62 
(2.30), (3.lo),(3.58) 

3.33,3.72 
(5.48) 
7.4-9 

11.6303.22 

(2.10), (2.65) 
(5.43) 

I 

TABLE 3B.4. 
EXA1tENATION OF I!ETHANOLYSIS AND HYDROLYSIS PRODUCTS FROM MHYLATD L. HtJMILIS GUM 

Relative retention time (T) 	RG  after 
of methyl glycosides .*4' 	 hydrolysis. 	i-methyl sugar identified. 

column (i) 	column (ii) 	(e)508n1tf) 

as methyl ester methyl glycoside 

figures in parenthesis indicate P values of components which are not completely resolved.. 



TABLE 313.5 

I4KflLTI0N OF MJ2THAI0LYSIS JUD HYDROLYSIS P!.LODUCTS FR0A 

LTH'iIIA.TED 10LYCLIaSI-IV 

Approximate relative molar 

0-meth71 sugar identified. ** 	 PrOPOrtiOfla 

Polysacohax'ide 
3:1 12 	ii 	111 	IV 

2,3, 5-tri--mothy1--arabinose 

2, 3,Z-tri--methyl--arabinose 

0.5 0.3 0.1 trace nil 

0.1 0.3 nil nil nil 

2,5di 0 methyljrarabino8e trace trace nil nil nil 

2,3,4,6-tetra..-methyl.-galaotose I I I I I 

2,3,6-tri-0-methyl--ga3.aotose 0.1 trace 0.1 0.2 0.1 

2,1,6-tri-0-methyl-2-galaotose 5 5 5 7 6 

2,3,4-tri--methyl--galactose 0.1 0.1 trace trace trace 

20  6-di--methyl--galaotose 1.5 trace 1.5 2 1.5 

2j4di--met1yl-D-galactose trace 0.2 trace trace trace 

2-methyl--galactose 
ft 

0.5 trace 0.3 0.5 0.3 

' methylated by the Haworth and Purdie procedures 
metbylated by the NaH/MeI procedure 

see table 3B.4 for retention times and. R values 
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TABLE il 

NITROGEN AND PROTEIN CONTENTS OF AZADIRACFITA INDICA PRODUCTS 

AF2ER. ATJRID DPROThINISATION 

Deproteinisation 	Nitrogen,Prote' 	
Alteration 
in protein Method 	 •25)  oontant,. 

 recovered gum 5.5 3e•4. - 
 ethanol 7.5 1.6.9 +12.5 

(o) chloroform, butanol 5.6 35.0 + 0.6 

(a) 1,202-trifluoro- 
5.7 35.6 + 1.2 

1,1, 2triohloroethane 

(e) triohioroacetic acid. 5.8 36,2 + 1.8 

(t) trifluoroacetic acid. 5.1 31.9 - 2.5 

(g) tungatic acid. 4.1. 27.5 - 6.9 
(Ii) sodium borohydride 5.5 34.e4 nil 

 pepsin, trypsin 4.4.. 27.5 - 6.9 

 pronase 

....... 

2.5 15.6 -18.8 
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TABLE 492 

ANALYSES OF RJRIFLJ) AZADIACHTA INDICA. 

8AM'LIS k. AND B AND FRACTIONS I-Ill 

Gum Gum Fraction Fraction Fraction 
Sample A Sample B I II III 

Yied, 	i (a,b) 80 76 59 26 81 

Moisture, 11.9 13.0 13.9 12.8 12. 

Nitrogen, 6.0 5.6 3.7 6.7 5.2 

(N625) 37,5 35.0 23,2 1-1.9 32.5 

(b) -62° 580 540 45 

Methoxyl,  2.05 2.36 n.d.s nod, nod* 
Methoxyl, (0) 3,3 3.6 n.d.o n.d.. n.d.. 

Equivalent
weight, g 

 0') 990  957 node node 835 

Equivalent 
weight, 9  620 620 n.d.. ned.. 560 

	

(1) 28.3 	28.3 	node 	n.d.. 	31.4 anhydride, Lo 

Limiting flow- 
time number, 	10.6 	13.3 	9.7 	7,2 	7.9 
ml g1  (b,e) 

Refractive (b,e) 	0.166 	0.163 	n.d.s 	n.d., 	n,d.. 

weight 	),e) 5.2x1O 	7.ixio 	j.xi6 	 50x10 

nod. not determined, 
yields of samples A and. B are recoveries from purification of 
the crude gumse 

yields of fractions I and II are recoveries from fractionation 
of purified gum, sample A. 

yield of fraction III is recovery from treat"ent of purified 
gum, sample A, (solvent used in M.-SC studies employed). 

corrected for moisture content. 
(a) corrected for moisture and protein contents. 

oaloulated from equivalent weight on the basis that all 
acidity arises from uronic acid groups. 

in M—sodium chloride at 270C. 
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TABLE 4.3 

AMINO 	ACID ANALYS23 OF PURIFIED AZADI14kCHM INDICA 

SAMPL A AND B AND 	FBACTIONS (a) 

G.um Gum Fraction Fraction fraction 
Sample A Sample B I II III 

lysine 44. 59 35 30 4.3 
histidine 17 18 11 26 16 

ammonia (b) (b) (b) (b) (b) 

arginine 27 28 35 25 28 

aspartic acid. 138 14.5 129 169 146 
threonine 66 64. 59 62 63 

serine 75 79 66 88 76 

glutainic acid. 78 81 84. 63 71 
proline 73 57 83 91 68 

glycine 73 71 79 70 70 
half cystine 18 14. 6 23 15 

alanine 53 55 62 40 54. 
valine 75 76 71 80 76 
inethionine 3 0 0 6 1 

ieoleueine 51 51 64. 4.1 59 
leucine 84. 80 87 59 83 
tyrosine 30 31 22 28 24. 
phenylalanine 57 57 66 36 57 

glucosainine 38 34. 4.1 63 50 

ny (c) 	8y1 	74$ 	75% 	7-r/,,'72 recover 

values are expressed as umolos amino acid. per 1000 umoles 
total, 

value included only in nitrogen recovery. 

expressed as recovery of Kjoldahl nitrogen. 



TAME 5.1 
1UTION 	VQLP (ml) OF PW IN 40TION WC.R3&S OF DYED POLYSLCCHkRID&$ 

Column (1) Coirn (2) Column (3) Column (4.) 

Aoe.oia 2Xano2LwUa 260  42, 63 (i) - 17, 4.59. 65(sh) 
AcacLia oampylaoantha 25, 4.3, 64.(tr) (i) - 18,46 110, 178(tr) 
Acacia laeta 24., 35, 62(tr)  - 19, 4.1, 68(tr) 

Acacia pyonantha 53, 64.(tr) (i) 58 - 
Lannea oorcianc1elca35, 4.3(tr), 71 (u) - - 
Lannea sohimperi 35, 54.(tr), 72  - - 

humus 34., 48(tr), 71 (ii) 25 9  70(tr) - 1079  179 
degraded gum A 66 (ii) - - - 
degraded gum B' 75 (ii) - - - 
poc'ide 1* 7 	(ii) 24., 50 - 144.(tr), 182 
polysaccharide 11* - 28(ah), 50 - 183 
Azadirachta jnUoa 26(sh), 4.1, 61(sh) (i) - 30(sh), 46, 60(sh) - 

tr - trace sh - shoulder 
Column (i) Bio*Gol A-5n, 35 x 1.5 cm (i) or 40 x 1.5 cm (ii). 
Column (2) 	.o-Gel P—IC, 35 x 1.5 cm. 
Column (3) Sepharose 44 35x1.5 cm, 
Column (4.)  System of linked columns of Porasils C, B and. A, each 40 x 1.5 cm. 

* from Larmea humus gum (see Section III B). 	(Table continued 
overleaf) 

I 



TABLE 5•1 (Continued) 
WTrIQN V0LtThS (Mal OF PEAKS  IN THE ELUTION DIABAIS 01 DYED FOLYSAZCHA.RIDES 

Column (i) 	 Co'mn (2) 	Colii (3) 	 Column (t.) 

Combretum g'and.Uoliuw 	25, 63 (i) 	 - 	 319  70 	 - 
Prunus avium 	 220  46, 62 (i) 	 - 	179  62, 75(tr) 	 - 
Kva aenealensis - 	- - 97, 135, 175 
Araucarta coli-unnarts 27, 50, 66(tr) (i) 	 - 189  53 - 

259  429  61 (i) 180  489  68(8h) 
lbizia 	L.aberrima 25(tr), 58 (i) 	 - 69 - 

i-oarrageenan - - 140 (eh), 163 
Dextran 10 68(U) 	 36 - - 
Dextran 20 52 (i) 	60 (ii) 	 24. 55 130, 177(tr) 
Dextran 80 4.6, 62(tr) (i) 	 - 48 108 
Dextran 110 44., 63(tr) (i) 	 - 42, 65(tr) - 
Dextran 150 - 	- - 105, 178(tr) 

tr - trace sh - shoulder 
Column (i) 	Bto-(e1 A-3m, 35 x 1.5 cm (i) or 40 x 1.5 cm (ii). 
Column (2) 	Bio-Ge]. P-10, 35  x 1.5 cm. 
Column (3) 	Sepharose 11.B, 35 x 1.5 cm. 
Column (4.)  System of linked columns of Porasila C. B and. A, each 40 x 1.5 cm. 

I 

I 



TABLE 5.2 

A COMPARISON OF SOY COLIThIN MATERIALS FOR VOLEXUAR-SIEVE CHROMATOGiLA.PHY 

Material 	Pretreatment 	E 	 Application toase of packing 	Flaw-rate Sieving properties* 	study of gum exudates 

slow, 	 wide molecular weight 
o-Gel A-5m 	swelling, deaeration 	top of column 	slow 	range (L 5x103-10), generally useful 

must be stabilised 	 resolution good 

swelling, 
slow, low molecular wight 

n o-Gel P300 d.eaeration top of column slow range (< 2x 1(P), 
must be stabilised resolution good 

low molecular weiht 
to4el P-tO swelling moderate moderate range (< 1.5x104), 

resolution good 

Sepharose 2B swelling, slow, 
top of column 310W 

high molecul.r weiht 
range ( 	1(P-5x10°), cieaeration must be stabilised resolution good 

Sepharose 	B swellinslow, top of column slow range (L N104-109) 3, 
 

wide molecular we4ht 

d.eaeration must be stabilised resolution good 

silanisation, limited molecular 
Bio-Glaa 	500 d.eaeration fast fast weight range, 

resolution poor 

useful for low molec-
ular weight gums and 
degradation products 

restricted to low 
molecular weight 
	

I 
products 

useful for studies 
of high molecular 
weight materials 

generally useful 

limited by poor 
resolution 

limited (high) 	limited by poor 
silanisation, fast 	 fast 	molecular weight 	resolution and. high Lo-G1as-1 500 	deaeration 	 range, 	 molecular weight 

resolution poor 	range. 

*Molecular weight values quoted are approximations based on studies of typical gum exudates. 
(Table continued overleaf) 



TAE 5.2 	(Continued) 
A COJPARISOI OF SOME, COLIWN MA1RIAIS FOR MXULAR-SI.~-.T& CIilOMATOGRAPH 

Material 	Pretreatment 	Lase of 	Flow-rate 	Sieving properties* 	Applioation. to 
packing study of gum exudates 

limited molecular 
 Co 	CPC 	deaeration 	fast 	fast 	range, 	 resolution 

we 	limited bypoor 
10-1250 resolution poor 

low molecular weight 	 restricted to low 

Porasil A 	deaeration 	fast 	fast 	range (M 	io), 	 molecular weight 
resolution fairly good 	products 

low molecular weight 	
useful for low 

Porasil B 	deaeration 	fast 	fast 	range (< x10), 	 molecular weight gums 
resolution fairly good 	

ig 

useful molecular weight 
Porasil C 	deaeration 	fast 	fast 	range (L< 5x105), 	 generally useful 

resolution fairly good 

high molecular jBight 	useful for high 
Porasil E 	deaeration 	fast 	fast 	range (< 2X1 0b), 	 molecular weight 

resolution fairly good 	samples 

System of 	 wide molecular weight 	useful for low molec- 
Porasila 	 as for the individual columns 	range (<2x105), 	 ular weight gums and 
C, B and. A 	 resolution good 	 degradation produota 

$ 

''Molecular weight values quoted are approximations based on studies of typical gum exudates. 
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FIGURE 3A i 

G-PJPHS OP VISCOSITY N1Jfl3R () AGAINST 

CONCENTRATION (c) FOR LiJNEA P0LYSACCIIARJ:DES 

5 	10 	15 	20 	25 
c(g/mi) x IO 

(i) L. schimneri (3) 	aui ;iis, A 

(2) L.corornaialelica, (4.) L. humilis, B 



f A1\ T\ Ajo,—x 

(b) 

Elution volume (ml) -- 

20 40 60 20 4.0 60 

(a)I 

125 

ELUTION DLGRAJS OF LA1fli?A FOLYS;CCHARIDE3 

L. coromanthlica L. humi1is,\ L. hun±Us,B L. sc1iireri 

 Bic-Gel A-'5m 

 Porasji C 

 Porasil B 

(d.) Porasil A 
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FIGURE 3B3 

REPtSiNTATJON OF SOME OF TIT,, PosIj STRUCTURES FOR. iJu 

PEJaoDITE-RsIsTpNT GLLA.CTAN FRA.IvLJoRx OF L!LNNE HUM-MIS GUM 

= chain of 1,3-  linked D-galactose residues 

-1,6-linkage at branch Doint or in the chain 

reducing end-group 

Q = non-reducing end-group 
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F 7 B4 

A 1:OSSIBLE STRUCTURMJ FRACMENT OF L!NNEA HUMILIS GIRI 

Gal' ga1actopyranoe 
;R—S 

Ara 	= aracinopyranose 
1.4 - 

Araf 	= arabinofuranose I 
Rha p 	= rhamnopyranose 4,3 

= glucopanosyl- 
uronic acid Ii 

GalA = galactopyranosyl- I 
uronic acid I 3 

6i 	6/ 
Dcal p<—D' Gal p 	U 

6/4. 	= 6 or 4. 1 
lB 
4q3 

-Galp 

Ii 

-CaJ. pi 	-Gal pi4 -Gal p!-al p-i3 	150 D-4a1 p.D-Ca]. p 

- 	- 	
- 	A6 - 

1

6 

I I 

D- al p D-Gal p 	2--Gal

13  

	p 
- 3 

I I 

S —D-Gal p D-Gal p.iD-Gal p 

B 
I 

U D-Gal p 

U represents uronic acid residues, which may be 
Me- G- A. A few G p A residues may be substituted by L-Rha. 

S represents D-Gal-, L,=AraD-, and L-Araf- containing side chains. 

These side chains may he up to 4. units long and contain 

3L-Ara f  1000 residues. They may be terminated by L-Araf logo , 
I... 	 I3 

L-Ara2 	, or D-G-al —
c

'L-h.raI 	resc.iues. 
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:IGuRE LI 

ELUTION DIAGRLUS GIVi.N BYAZADJSRACE'PA :LND3CA 

GUId ON BI0-MET, A-5m 

I 

10 30 	50 70 	10 	30 50 	70 10 	30 50 	70 
Elution volume (ml) 

(i) Dyed gum on column (a) 

 Undyed gum on column (a) 

 Dyed gum on column (b) (after 0 hours in solvent) 
(),-) Dyed gum on column (b) (after 24 hours in solvent) 

 Undyed gum on column (b) (after 0 hours in solvent) 
 Unciyed gum on column (b) (after 24.  hours in solvent) 

 unayea gum on column (b) (after 114. hours in solvent) 
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FIGURE 4,2 

ELUTION DLRs GIVEN BY Az!UJII?ACPTA IND:rcA GUM 

ON BIO-GEL A-5m AFTER TREATMENT WITH VAJ?IOUS 

CONCENTRATIONS OF DITEEOTHIIEITOL (DTT) 

10 30 50 70 

10 30 	50 	70 

(i) 0.2% DTT, 21 hears 

(2) 0, 	DTT, 4.8 hours 
0 	(3) 0.4% JYTT, 24. hours 

(4.) 0.4% DTT, 48 hours 
 0.8% DTT, 24. hours 
 0.8% DTT, 48 hours 
 0.4% DT, 4.8 hours 

(phenol-sulphuric 
screening) 

Elation volume (ml) - 



10 30 50 70 10  30 50 70 	10 30  50 70 

(2) 

10 	70 

I 

[i1 70 
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FIGUIE  L.1 

ELUTION DIACRANS GIVEN BY AZADI1CHTi. INDICA S&IPLES 

A AND B AND FRACTIONS I - III ON BIO-L A-5m 
[MI-SODIUM CHLORIDE ELUANT] 

Elution volume (ml).- 

(i) Sample A 

Sample B 

Fraction I 

(ii.) Fraction II 

(5) Fraction III 
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APPARATUS FOR AUTOILkTED COLORI1iETRIC 

MOLECULAR—SIEVE C RROWTOCRAFHY 

to 
filter 
pump 

(i ) 

colorimetc 
photocell 

impedance 
matching 
device 

MODIFIED CELL R.A1EMENT 

(2) 



(i ) 

120 	200 

 

Ij 

120 160 200 

 

80 120 1 80 	120 160 

Elution volume (ml) -p 

FIGURE 5 2 

C0.1PARISON OF ELUTION DILGR/JVS OF 

DYED AND UNDYED POLYSACC Ht.RID.iS 

Acacia 	 Acacia 	 Lannea 
laeta 	 22PiiY 
	

huxniJ.Is 

(i) Undyed gum - fractions screened by phenol-sulphuric 

acid. method., 

Dyed. gum -. screened by automated colorimetric method. 

Dyed gum - optical density of fractions recorded 



(3) 

30 	70 
(5) 	 (6) 

I 	 to 

30 

2) 
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ELUTIUN DIAGRAMS OF A RANGE OF DYED POLYSACCIIAPJDES 

120 160 200
00 

Elution volume (ml) 

(i) Dextran 10 

Polysaccharide I from Lannea huniilis 	Bio-G•el P10 
Polysaccharide II from Lannea hunilUs J 

(4.) Dextran 80 	1 
Acacia pnantha Bio-Gel A.'.5m 
Irea schinnerj J 
Araucaria colunaris1 

ziarrirna Sepho 4.B 
Azairacita indica J 

(io) Dextran 20 
icha\ senelensis 	PorasiJ. system 
i-carrageenan 



(6) 

I 

(9) 

3) 
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PIC.URF 

ELUTION DIAG.IUUIS OF DYED POLYSAC CH4PJDES 

ON A RJ.N(E OF COLUNNS 

Elution volunie (ml) 
Lanna BUIIII1±S, Porasl.l A 
Lannea humilis, Porasil B. 
Lannea huinilis, Forasi]. C 
Acacia canylacantha, Sepharose 2B 
Acacia £Placantha, Sepharose 	B 
Acacia lacta, Porasil E 
Acacia laeta, 	Bio-C-ei A-sin 
AcaoiaC Jon11a, Bio-el JL5m 
Acacia cnorhyjia, Mo-Gel P-300 
Acacia cvanonhyfla, Corning CPG 10-1250 
Acacia r2oflrlla, 	Bio-Gias--500 
Acacia onhyl1a, 	Lo-C-las-15OO 



(2) 

20 ).O 6Q 80 

(4.) 
I 

(3) (5) 

(I) 
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ELUTIOF DIAG-RMIS OF DL1D POLYSACCUAR1DES ON 

FORASIL C AT DI1'?ERE1T FLOW-RATS 

20 4.0 60 80 20 4.0 60 60 	20 )O Co 80 

Elution volume (ml) - 

(1) Lannea coromancieiica, 2.5 ml/min 

( 2  ) Lannea coroiaand.eiica, 10 ml/min  

(3) Lannea sciümteri, I mi/mm 

(4.) Lannea chiineri. 2.5 mi/mit 

(5) Lannea schimneri. 	10 ml/min 
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FIGURE A.1 

THIN-LThR ELECTROPHORESIS OF DIED POLYSACCHARIDES 

(2) 	(3) 	(4) 	(5) 

LH 
x - x origin 

(i) Acacia 	riacntha, (uronic acid 9,),  ar.nonium carbonate buffer. 

Acacia carnryJacantha, acetate buffer, 
Acacia canp1acaiitha. borate buffer. 

Jcacia yanorhyUa, (uronic acid 25 arnnoniun-i carbonate buffer.. 

.Araucaria araucana (uronic acid ic), borate buffer. 
Lannea humilis (uronic acid i), borate buffer. 

Undyed Lannea huniiliB, borate buffer. 

Each run was performed for 10 min at a field strength of 50 volts/cm. 



- 19 

FIGURE A,2 

T1mLAYER ELECTROPHORESIS OF A 

MIXTURE OF DYED POLYSACCHARIDES 

(2) 	(3) 	(if) 	(5) 

x 

x -- x origin 

(i) i 	nun, field strength 50 volts/cm 
(2) 3 mm, field strength 50 volts/cm 

(3) 5 mm, field strength 50 volts/cm 

(if) 8 inn, field strength 50 volts/cm 

(5) 1 min, field strength 75 volts/cm 
(6) 2 mm, field strength 75 volts/cm 

Band of greatest mobility Acacia c 	illa gum 

Band of intermediate mobility - Acacia cp12ac8J1t.a  gum 
Band of least mobility - Dextran 110 
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Automated molecular-sieve chromatography of polysaccharides 

Molecular-sieve chromatography (MSC) is a useful technique for investigating 
the polymeric properties of acidic polysaccharides"'. In earlier studies3,4, elution 
patterns were obtained by collecting many small fractions which were then screened 
tediously by a colorirnetric method5. 

A considerable range of agarose gels and porous glass or silica beads is now 
available for studies of high molecular weight polymers. This range will probably 
increase in the future. Manufacturer's data for such products are usually obtained 
from tests with characterised proteins, dextrans, or polystyrene fractions; their 
performance with other types of polymer (e.g. acidic polysaccharides) frequently 
differs' and must therefore be evaluated. 

The different basic types of agarose preparations (gelled beads, and granular, 
physically disintegrated gels) vary fundamentally in chromatographic characteristics. 
Similar considerations apply to porous glass beads, which appear to be offered as two 
distinct types—" Bio-Glas" (Bio-Rad Laboratories, California) and "Hailer Glass" 
(Corning CPG glass). The choice of a molecular-sieve with a suitable pore-size distri-
bution has a significant influence on the degree of separation attainable'. Although 
HEITZ AND KERN predicted" that separation efficiency will eventually be determined 
by molecular coil dimensions rather than by experimental refinement, it seems 
reasonable to suppose that, for complex branched molecules with associated steric 
and charge effects, the most suitable molecular-sieve and the optimum chromato-
graphic parameters for a particular analysis can best be found by experiment. In 
addition to variables such as the eluant composition and flow-rate, particle size of 
the molecular-sieve etc., the column shape9  can be important—in addition to the 
column dimensions—if optimum results are to be obtained for polymer systems that 
have not previously been characterised rigorously. There are no standard methods 
for the preparation, purification, and analysis of polysaccharides. Successful pro-
cedures are frequently established only by series of successive refinements, and 
conditions devised for one polysaccharide system should not be taken automatically 
as optimum for others, even if they are similar in type or origin. 

In all chromatographic techniques there have always been two time-consuming 
tasks: evaluating new or modified materials10, and establishing optimum conditions 
for their use with different classes of compounds. At the present time, the extent of 
these committrnents in MSC clearly calls for an automated method of monitoring 
the effluent from the columns continuously, e.g. by differential refractometry"; 
spectroscopy"; radioactive labelling13 ; flame-ionisation, conductivity",  , and differ-
ential vapour-pressure" detectors; polarography"; and, most interesting of all, a 
return to true chromatography". 

Selective dyes such as Toluidine Blue'9'20, Alcian Blue21, and Mucicarmine22  
have long been used in differential staining reactions for electrophoresis and chro-
matography, and the recent resurgence of attention to mucopolysaccharides (glycos-
aminoglycans) has led2' to renewed interest in dyed complexes. 

DUDMAN AND BISHOP18  observed that the reactivity of "Procion" dyes with 
polysaccharides was proportional to the number of primary hydroxyl groups present; 
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a pure polygalacturonan was completely resistant to the dyes tested, and a poly-
saccharide containing Ca. 30% uronic acid was dyed only to a slight extent. Tests on 
the behaviour of acidic gum polysaccharides were not reported. The uronic acid 
content of such materials frequently falls within the 5-25% range, but some botanical 
genera (Khaya, Sterculia) contain up to Ca. 50%. 

It was therefore of interest to evaluate the broad range of application of this 
colorirnetric technique by studying the extent of the reactions of the dyes Procion 
Blue M3G and Procion Brilliant Red M213 (kindly provided by I.C.I. Ltd., Dyestuffs 
Division, Manchester) with a wide range of acidic gum polysaccharides from the 
Acacia, Albizia, Araucaria, Azadirachta, Combretum, Khaya, Lannea and Sterculia 
genera. Although the extent of reaction, as indicated by DUDMAN AND BISHOP18, 
appears to be inversely proportional to the uronic acid content, those gums with the 
highest uronic contents available to us (Brachychiton diversifolium24'2 , 51%; Khaya 
senegalensis26, 43%) nevertheless were dyed to an extent adequate for their colon-
metric detection in the eluate from MSC columns containing the agarose gels "Bio-Gel 
As" and "Sepharose 413". For polysaccharides with low uronic acid content the amount 
of dyestuff used can be controlled, so that the molecular weight of the natural product 
is not significantly increased. Dextrans are also readily dyed; the characterised 
fractions available commercially can continue to be used as calibration standards 
for relative measurements6  if more valid standards of closely similar chemical struc-
ture, characterised by fundamental methods, are not available. 

Unfortunately, the use of Procion dyes is not of general applicability: a 
carrageenan did not react in the dyeing process. 

The use of dyed polysaccharides (we prefer the use of Procion Brilliant Red 
M2B) leads to a simple method of monitoring the behaviour of the native poly-
saccharides during molecular-sieve chromatography, or for evaluating—with a 
selected, characterised polysaccharide—the performance of a molecular-sieve column. 
The dyed sample (1-3 mg) in 2 M sodium chloride (0.5 ml) is applied with care to 
the top of a silanised glass column (.5 >< 1.5cm I.D.) containing an appropriate 
molecular sieve (porous glass or silica; agarose, dextran, or polyacrylamide gels). A 
suitable eluant is i M sodium chloride, at 0.5—I ml/min; automated analyses then 
take about 2 h. The column effluent is passed directly via capillary tubing into the 
cell (modified to permit continuous flow) of a colorimeter (Unicarn SP 1300). The 
photo-cell signal is fed via an impedance-matching device (Vibron 33B electrometer) 
into a recorder (Kent, i mV, chart speed 2 in/h). By increasing the recorder input 
resistor from I to 2.5 Q the maximum signal from the photo-cell gives a recorder 
deflection of io in. This particular experimental combination of instruments is, of 
course, not unique. Micro-flow colorimeters (Phoenix MFC 800) give an optical path-
length of 20 mm for a cell hold-up volume of only 0.035 mm, if increased sensitivity 
is essential. 

Chemistry Department, 	 D. M. W. ANDERSON 
The University, 	 A. HENDRIE 
Edinburgh EH 9 3ff (Great Britain) 	 A. C. MUNRO 

r D. M. W. ANDERSON, I. C. M. DEA AND A. C. MUNRO, Carbohyd. Res., 9 (1969) 363. 
2 S. C. CHURnS AND A. M. STEPHEN, S. African Med. J., 43 (1969) 124. 

J. Chromalog.,  44 (16) 178-180 



i8o 
	 NOTES 

3 D. M. W. ANDERSON AND J. F. STODDART, Carbohyd. Res., 2 (1966) 104. 

D. M. W. ANDERSON, I. C. M. DEA AND SIR EDMUND HIRST, Carbohyd. Re,., 8 (1968) 460. 

M. DUBOIS, K. A. GILLES, J. K. HAMILTON, P. A. REDERS AND F. SMITH, Anal. Chem., 28 

(1956) 350. 
6 D. M. W. ANDERSON, I. C. M. DEA, S. RAHMAN AND J. F. STODDART, Chem. Consmun., 8 

(1965) 145. 

7 W. HEITZ, B. BöMER AND H. TJLLNER, Makro,nol. Chem., 121 (1969) 102. 

S W. HEITZ AND W. KERN, Angewandte Makron,ol. Chem., i (1967) 150. 

H. M. SLAHR, R. M. TEED, F. T. OAKLEY AND B. M. CARTER, Anal. Chem., 38 (1966) 1974. 

io J. S. FRITZ AND M. A. PETERS, Talanta, 16 (1969) 575. 

i ,  J. R. MAJER, S. TRAVERS AND M. WATSON, Talanta, 16 (1969) 434. 

12 S. A. BARKER, B. W. HATT, J. F. KENNEDY AND P. J. SOMERS, Carbohyd. Res., 9 (1969) 327. 

13 R. L. BRIDGES, L. R. FINA AND S. L. TINKLKR, j. Chromatog., 39 (1969) 519. 

14 R. L. PECSOK AND D. L. SAUNDERS, Anal. Chem., 40 (1968) 1756. 

15 G. W. GOODMAN, B. C. LEWIS AND A. F. TAYLOR, Talanta, 16 (1969) 807. 

16 R. F. POULSON AND H. B. JENSEN, Anal. Chem., 40 (1968) 1206. 

17 A. J. W. Bgooie, J. Chromalog., 39 (1969) 328. 

18 W. F. DUDMAN AND C. T. BISHOP, Can. .J. Chens., 46 (1968) 3079. 

19 C. A. PASTERNAK AND P. W. KENT, Research, 5 (is) 485. 

20 K. G. RIENITS, Biochem. J., 53 (i) 79. 
zi L. FEENEY AND W. K. MCEWEN, Stain Tech., 31 (1956) 135. 

22 J. CLAUSEN AND P. ROSENKAST, Acta Pathol. Microb,ol. Scand., 56 (1962) 188. 

23 A. L. STONE, Biopolymers, 7 (1969) 173. 
24 F. L. HIRST, E. PERCIVAL AND R. S. WILLIAMS, J. Chem. Soc., (1958) 1942. 

25 G. 0. ASPINALL AND R. N. FRASER, J. Chem. Soc., (1965) 4318. 

26 G. 0. ASPINALL, F. L. HIRST AND N. K. MATHESON, J. Chem. Soc., (1956) 989. 

Received jury 14th, 1969 

J. Chrornatog., 44 (1969) 178-180 



41 

THE CI1E1ISTRY OF LALVNEA GUM EXUDATES 

D. Al. W. Anderson and A. Hendrie 
Chemistry Department, The University, Edinburgh, EH9 3JJ, 

CO land 

SUMMARY 

The gum exudates from Loinea roronia,,deliea (Houtt.) Merrill has 
been studied previously under its earlier synonyms Odina wodier and Lannea 
grandis, and also under the native vernacular names Jeol. Modal, and Shemat. 
Some of the results reported in these studies are mutually contradictory. 
An authenticated specimen of the gum has therefore been examined to 
ascertain which of the published data are incorrect. 

As in oilier gum-forming genera (Anderson et al., 1966; And-
erson and Dea, 199) the genus Lannea (Order, Sapindales; Family, 
.usuardaceae) contains examples of complex synonymy. The species 
Lannea coromandelica ([butt.) Merrill has as synonyms the native 
vernacular names "Jeol'', "\IolaI ", and "Shemat", and also the 
binomials Dialiuni coromandelica Houtt, Calesiurn grande, Haberlia 
grandis. Odina wodier Roxb., and Lannea grandis Engl. A recent 
publication (Rawachandran and Joshi, 1968), which describes L. 
grandis and L. coroinandeitca as "closely related species", is not 
strictly correct. 

There have been mans studies of this gum, e. g. under the 
names "Modal' and "Shemat" (Parikh et al., 1956); "Jeol" (Bhat_ 
tacharyya and Mukherjee, 1961); Odina wodier (Mukherjee and 
Banerjee, 1941; Mukherjee and Chakravarti, i948; Maitra, 1953; 
Dhar and Mukherjee, 1959; Bhattacharyya and Rao, 1964); Lannea 
grandis (Chaudhuri and Mukherjee, 1967; Lannea grandis Super 
(Mukherjee, 1948; Uukherjee and Rohatgi, 1948); and Lannea 
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grand.i.s Engler (\l tikherlee and Roliat.i, 19.13: \iiikherjce and Wii 
Choudhury, 1953; Mukherjee, 1933: \Iukherjee and Sinha, 1933; 

Miikherjee et at., 1933). 

Some of these publications are superficial or trivial in nature, 

and the results quoted in several are mutually contradictor' 

a result, this Lannee gum is unique both in the extent 

to which it has been studied and the cofll1iLofl that has arisen 

as a result. For example, the inn has been stated to be a neutral 

polysaccharide (Ramachandran and Joshi, 1968) and, alternatively, 

to be an acidic polysaccharide containing galacturonie acid—the 
only aldohiouronic acid detected being defined as 3-0-galactiirono-

pv ranosyl_D_galactose (Dhar and Mukherjee, 1939). In direct 
contradiction, Parikh et at. (1956) found only one aldobiouronic 
acid, characterised rather more adequately, but still incompletely, 

a 1-methyl-1, 6_gluduronositlo-gttIaCtose. Further disareements 
involve other analytical parameters for the gum. For example, 
values reported for the specific rotation of the gum are + 29' 

(Mnkherjee and Banerjee. 1948), —44° (Bhattacharva and Rao, 

1961), and 4- 43° (Ramachandran and Joshi. 1968): the methoxyl 

content has been reported to he zero (Ramachandran and Joshi, 
1968), 2.38% (Parikh et al., 1936). and 0.31%—a value which 
Bhattaeharyya and Rao (1964) considered to be "very low and not 

of structural significance". Parikh et al. (1936) reported that the 
gum does not contain any methvlpentose; other investigators 
apparently did not trouble to carry out this analysis. A further 
unusual feature for a plant gum is the reported absence of nitrogen 

(Parikh et al., 1936; Bhattacharyya and Rao, 1964); we have vet to 

investigate it plant gum exudate which (toes not contain nitrogen, 

and there are grounds for believing that the presence of nitrogen 
in a plant gum may be of greater fundamental significance (Anderson 

and Herbich, 1963; Anderson and Rahman. 1967) than has been 
frequently assumed. Finally, the ratio reported for arabinose/ 

galactose has varied extensively viz., 1/1.3 (Vliikherjee and Banerjee, 



13 

19.48), 1/3 (Bhattacharyva and Rao, 1964), 1/4 (flamachandran and 
joshi, 1968), 1/5 (Parikh et al., 1956), and, in complete disagree-
ment, Dhar and Mukherjee (1959) found the gum to contain more 
arabinose than galactose. 

To investigate this set of contradictions, unprecedented in gum 
chemistry, an authenticated sample of Laan.ea coronjandelica gu in, 
obtained in October 1967 from the Research Officer of the Con-
servator of Forests, Colombo 2, Ceylon, has been analysed by 
standard methods that have already been described (Anderson and 
Stocldart, 1966), with the exception that analyses involving infrared 
spectroscopy were carried out satisfactorily with the new, low-cost, 
Flilger and Watts Fl 1200 instrument. 

The analytical data can be summarised a follows [*denotes value 
corrected for ash and moisture content; + denotes value corrected 
for moisture, ash, and protein (%N x 6.25) content]: 

moisture, 11.8%; ash, 3.5%; nitrogen*,  0.22%; methoxyl, 1.6%; 
uronic anhydride+, 17% (acidic decarboxylation), neutralisation 
equivalent, 1.060 (hence tironic anhydride= 17 %); 	+27° 
(C 1.0, water); 	11.7 mPg_i; 	0.33 < 106  (light scatter- 
ing). (The values for [] and kw  were obtained in 1M sodium 
chloride). The acidic sugars present are 4-0-methylglu-
curonic acid, and smaller amounts of glucuronie and galacturonic 
acids: the neutral sugars are galactose, arabinose, and rhamnose. 
The carbohydrate Composition of the gum can be expressed as 
galactose, 70%; arabinose, 11%; rhamnose, 2%; uronic anhydride, 
17% (approx. 50% of this being present as 4-0-methylglucuronic 
acid). 
Comparisons of these analytical results show that although some 

previous values e. g. [,%]D+29° (Mukherjee and Banerjee, (1948), 
neutralisation equivalent 1150 (Bhattacharyya and Rao, 1964) have 
been substantiated, the work of earlier investigators is clearly incor-
rect in several details. The presence of nitrogen, rhamnose, and 
three uronic acids was not established previously, and the ratio of 



arabinose to galactose (1:6) is less than that quoted in any of Lite 

earlier reports. Perhaps the most misleading of all the previous publi-
cations is the most recent (Rawachandran and Josh, 1968) in which 

L. coromandeiiccz gum is reported to he a neutral polysacharide with 

110  methoxyl content; to dismiss quite arbitrarily (Bhattacharyya 
andRao, 1961) a methoxyl content of 0.51 % as being of no 
structural importance was also a significant error. In addition. 

the value-44°  quoted for [] by Bhattacharyya and Rao (1964). and 
the ratio of arabinose to galactose (arahinose> galactose) reported 
by Dhar and Mukherjee (1959) must also be regarded as being 
major errors; alternatively, the identity of the materials studied 
would have to be questioned. In many early studies either com-
mercial mixtures were used or insufficient attention was given 
to the collection and correct botanical identification of the sample 
studied; the recommendations of a botanical authority in this 
respect have been recorded [-ntlerson and l)ea, 1969, 1969(a)]. 

An implication of the analyses reported here is that at least 
some, if not all, of the structural studies published for this gum 
cannot be correct. Analytical and structural studies of the gums 

from this and other Lannea species are therefore in progress, and 
will he reported elsewhere in due course. 
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Abstract—The composition and properties of the gum exudates from Lannea coromandelica (syn. L. grandis), 
L. schimperi, and two specimens of the gum from L. humilis have been studied. The analytical results suggest 
that inter- and intra-species differences in Lannea are unlikely to be large, and the evidence obtained indicates 
that a considerable amount of the work published on this genus earlier must be regarded as incomplete or 
inaccurate. 

INTRODUCTION 

To DATE, the gum from only one species of the genus Lannea A. Rich. (Sapindales; Anacardi-
aceae) has been studied. This species, properly described botanically as L. coromandelica 
(Houtt.) Merrill, is, however, unique in gum chemistry because of the extent to which it has 
been studied under different synonyms, and also because of the extent of the contradictions 
in chemistry that have arisen as a result. The gum has been studied under the native vernacu-
lar names Modal,' Shemat,2  Jeol,3  ' I and  also under the botanical synonyms Odina wodier,48  
L. grandis," L. grandis Super,12"3  L. grandis Engler,1317  and L. coromandelica.' 8  There 
are also other botanical synonyms for this species, e.g. Dialium coromandelica, Calesiun', 
grande, and Haberlia grandis, but mercifully chemistry appears to have been spared their use. 

The chemical results quoted in several of these publications are mutually contradictory. 

* This is Part 35 of the Series "Studies on Uronic Acid Materials"; for Part 34, see Ref. I. 
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The gum has been most recently described '8  as a neutral polysaccharide; all previous investi-
gators found it to be acidic. So far the presence of only one aldobiouronic acid has been 
reported, but even this involves controversy, since the aldobiouronic acid has been stated to 
contain galacturonic acid' and, in contrast, 4-0-methyl glucuronic acid.' The specific 
rotation of the gum has been quoted as +29°, _440,4 and +450;18  the equivalent weight as 
1245,2  1150, and 1361;11  the methoxyl content as 238 %,2  051 %,4  and zero.18  The ratio of 
galactose to arabinose has been found to be 1.3/1 ;5  3/1 ;4  4/1 ;' and 5/1:2  the gum has also 
been reported' to contain more arabinose than galactose. 

Clearly such an unparalleled set of contradictions required analytical investigation. Since 
all of the work cited above is of Indian origin, specimens of gum from L. coromandelica and 

from other Lannea spp. were sought from other locations in an effort to establish whether the 
genus Lannea is indeed unprecedented in its variability, a result which would be surprising on 
botanical grounds. This paper presents the results that have been obtained for a Ceylonese 
specimen of L. coromandelica gum, a Nigerian specimen of L. schimperi gum, and two Sudan-

ese specimens of L. humilis gum. 

DISCUSSION 

Consideration of the analytical results shown in Tables 1 and 2 indicates that the gum 
exudates from these four Lannea spp. have very similar analytical parameters. A characteris-
tic of the genus is the high ratio of galactose to arabinose. Indeed, our value of 6/1 for L. 

coromandelica gum is higher than any of the wide range of values published by earlier Indian 
investigators; a similarly high ratio also occurs in L. humilis and L. schimperi. Clearly, the 
work' in which more arabinose than galactose was reported must be discounted. Further, 
the strong similarity found between the two samples of L. humilis gum indicates that neither 
the inter- nor intra-species differences in Lannea are likely to be great, and this is in agreement 
with the known botanical characters of this genus. With such complex natural products as 
plant gums, both inter- and intra-species differences in properties and composition must be 
expected to occur; recent work has shown that for some genera, e.g. Prunus19  and Combre-

turn20  (which botanically are best described as systems of complexes), the variations can be 
much larger than for others, e.g. Acacia,2' Araucaria.22  Nevertheless, the variations implied 

for Lannea spp. by the lack of agreement between the results presented in the earlier papers 
cited in this communication are barely credible botanically or chemically; the most likely 
explanation is that they have arisen either through faulty chemical analysis, faulty botanical 
identification of the species, or through working with mixtures or commercial gum samples. 

There is no doubt whatsoever that Lannea gum exudates are acidic polysaccharides that 
exist—as is customary—in the natural state as complex, nearly neutralized salts of the 
polysaccharide gum acid. It is unfortunate that the recent work of Ramachandran and 
Joshi'8  suggests that the purified polysaccharide is neutral, with a structure containing only 
galactose and arabinose; this is so greatly in error that there is no alternative to discounting 
that work. 

The other major attempt' to establish a structure for the gum polysaccharide must also 
be regarded with caution. It is based on several doubts and inaccuracies. The arabinose 
content appears to be high; a strongly negative optical rotation (-44°) was reported; 

19  I. C. M. DEA, forthcoming publication. 
20  C. E. SPEED, M.Sc. Thesis, Edinburgh University, 1969. 
21  For a review, see D. M. W. ANDERSON and I. C. M. DEA, Phytochem. 8, 167 (1969). 
22  D. M. W. ANDERSON and A. C. MuNko, Carbohyd. Res., 11, 43 (1969). 
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rhamnose was not detected; nitrogen was not found; the methoxyl content was deliberately 
ignored; and only galacturonic acid was stated to be involved. Our examination has indicated 
that the uronic acid system is complex, with galacturonic, glucuronic, and 4-0-methyl-
glucuronic acids all present. Since Bhattacharyya and Rao's structure has been used'—  ' I in 
attempted interpretations of physico-chemical measurements, it is important that a structural 
model that reflects all the known facts should be available. A structural study of the gums 
from Lannea spp. is therefore in progress. 

TABLE 1. ANALYSES OF PURIFIED GUM SAMPLES 

Moisture, % 
Ash, % 
Nitrogen, %* 
Protein (%N x 6-25) 
Methoxyl, % 
Uronic anhydride (decarboxy1n.) 
[]Dt 

Limiting flow-time number, 
cm3  

Rx 

Sugar compositionl § 
galactose, % 
arabinose, % 
rhamnose, % 
uronic acid, % 11 

L. coromandeljca 	L. humilis A 	L. humilis B 	L. schimperi 

118 106 12-9 72 
35 25 2-6 4-2 
022 0-28 0-29 0-27 
138 175 181 169 
16 04 0-4 09 

17 13 14 17 
+27° +36° +43° +30° 
117 96 87 14-4 

2-57 x 105  310 x 10' 257 x 10' 2-41 x 10' 

69-5 725 71 695 
II 13 12 10 
25 3 5 3.5 

17 115 12 17 

* Corrected for moisture and ash. 
t Corrected for moisture, ash, and protein. 

In M-NaCl. 
II Average of decarboxylation value and value calculated from equivalent wt. 
§ Sugars calculated as anhydro forms. 

TABLE 2. ANALYSES OF ELECTRODIALYSED SAMPLES 

L. coro,nandelica 	L. humilis A 	L. humilis B 	L. schimperi 

Moisture, % 	 88 	 9-0 	 8-4 	 8-9 
Ash, % 	 0-4 	 02 	 0-2 	 0-04 
Equivalent wt.* 	 1060 	 1753 	 1774 	 1059 
Hence uronic anhydride, %t 	 17 	 10 	 10 	 17 

* Corrected for moisture and ash content. 
t If all acidity arises from uronic acid groups. 

Prior to this study, only two values of M, as determined by light-scattering, had been 
reported for a Lannea gum. Bhattacharyya and Mukherjee reported  that the fully methyl- 
ated gum had 	1-68 x 10, but more recently it was reported' that "the original acid 
polysaccharide derived from the plant exudate, L. grandis" had R. = 175 x 106. This is an 
unusually high value of Icf,, for an acidic gum exudate. Molecular-sieve chromatography23  
has indicated that Lannea exudates are not of particularly high molecular weight, and our 

11  D. M. W. ANDERSON, A. HENDRIE and A. C. MUNRO, J. Chromatog., 44,178 (1969). 
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light-scattering values are in reasonable agreement with that of the earlier workers.' The 
value of 01695 for clii/dc reported recently' also appears to be unusually high for an acidic 
polysaccharide; allowing for this difference from our value (0.154), the difference between 
our value for 'i  and that of Chaudhuri and Mukherjee9  appears to involve a factor of 
almost exactly 102. 

EXPERIMENTAL AND RESULTS 

Origin of Specimens 

The gum from Lannea coromandelica (Houtt.) Merrill was obtained in October 1967 from the Research 
Officer of the Conservator of Forests, Colombo 2, Ceylon. Gum from L. schimperi (Hochst. ex A. Rich) Engl. 
was collected at Shilca Research Station on 25 March 1969 by Mr. G. 0. Magaji for Professor D. M. Ramsay, 
Department of Plant Science, Ahmadu Bello University, Zaria, Nigeria. Gum from L. humilis (Oliv.) Engl. 
was obtained from the Gum Research Officer to the Republic of the Sudan; sample A was collected near 
El Obeid in April 1969, and sample B from Layyuna Central Forest Reserve, Central Kordofan, in May 1969. 

Analytical Methods 

The standard analytical methods have been described in detail,24  with the exception that the Huger and 
Watts H1200 i.r. spectrometer was used in analyses involving i.r. vapour-phase measurements. 

Weight-average molecular weights, M,, were obtained from light-scattering measurements made with a 
Sofica Model 42000 Photogonio Diffusometer using unpolarized green light (546 nm); the values quoted in 
Table 1 are the average of two values obtained at concentrations of approx 02 % and 01 % respectively in 
M-NaCl. These solutions were clarified by passage through Millipore filters of pore-sizes 045 and 022 tLm. 
In the evaluation of M, the value dn/dc = 0154 (found for the sample ofL. coromondelica gum by Dr. I. C. M. 
Dea) was used for all samples. 

Optical rotations were determined with a Perkin—Elmer electronic polarimeter, Model 141. 

Purification of Samples 

Each of the four gum samples dissolved readily in cold distilled water after several hours. The solutions 
were filtered, then dialysed for several days; the polysaccharide was recovered as the freeze-dried product. 
The recoveries, on a dry wt. basis, were in the range of 75-80% for all four species. The results of analyses 
made on these products are shown in Table 1. 

A portion of each of the four gum samples was dissolved in distilled water and exhaustively electrodialysed 
to convert the gum polysaccharides to the free acid form. The acidic polysaccharides were recovered by freeze-
drying, then analysed as shown in Table 2. 
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THELAI'1NiA AND AZADIRACIfl'A GiNERA 

An analytical study of gum samples from three species of the 

genus Lannea showed them to have similar chemical properties, 

suggesting that interepecies variation in this genus is unlikely 

to be large. Molecular-sieve chromatography indicated, a broad 

molecular weight distribution for these gums. 

A sample of Laxmeg humiUs gum was subjected to hydrolysis, 

Smith degradation, and methylation studies and these revealed its 

molecular structure to be based on a branched galactan framework 
of short chains of 0-1#3-linked -galactose residues joined. by 0-1#3- 
and 	To this framework, at suitable 0-3 and. C-6 

positions, are attached. short -galaotose and k-arabinoae  side 
chains, and three different uronic acids. The mode of attachment 
of hc.rhamnoae  is uncertain. From an acid hydrolysate of the gum, 
the unusual aldebiouronic acid. 4-.(0!-.-ga1actopyranoay1uronjo 

aoid)-D.galaotose, and the more oonmion 6-(m.glucopyranosy1uronic 

acid)1galaotose and 6-9-.(4.. .methyl.-g1ucopyranosy1uronjo acid) 
galaotoee, were isolated and. characterised.. 

Two samples of Azadiraohta indica gum, from different botanical 

sources, were found to contain an amino sugar (oa. 2) and much 
proteinaceous material (oa. 35%) • Attempts to remove protein, using 
common denaturing agents, were unsuccessful, but better results were 
achieved by enzymic hydrolysis. The amino acid composition of each 
sample was determined. Molecular-sieve chromatography of Azadir'acItp 
ind.toa gum, using a denaturing solvent, revealed degradation of one 

of the peaks in its elution diagram; a portion of gum (2 g) was 
fractionated by molecular-sieve chromatography, and the two samples 

of AzadirachU indica gum and these fractionation products were 
compared., 

An automated calorimetric method., of molecular-sieve chromato-
graphy was developed and evaluated. It was found to be inexpensive, 
rapid and to give reproducible results, although some difficulty 
over relative peak heights was encountered.. 

Preliminary studies were made on a comparison of two methylation 

methods and on the electrophoresis of dyed polysaccharides. 

Use other side if necessary. 


