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ABSTRACT

An anaiyticai. study of six gum specimens from the Series
Phyllodineae of the ,genué Acacia showed them to be chemically similar
to the other species from this series studied to date, except for

A. cyanophylla which has anomalous properties for a gum exudate of

this Serié‘s._ Methylation studies show.ed a highly-branched 1,3 =~
linked gaiactose framéwork.

An analytical study of two samplés of gum from Anacardium
Occidentale showed glucose to be one of the neutral sugars present,
galactose being the major component. The glucose was isolated and
characterised. Hydrolysié, ‘Smith degradation and methylation studies
on one of the samples revealed a highly-branched ﬁ = 1,3 ~ ‘linked
gaiactose framework with a small amount of ?- 1,6 = linkages.
Glucuronic acid was present as énd-groups, linked 1,6 - to galactose.
Glucose and xjhémnose were 8lso end-gfcup and arabinose was present |
in 1,2 = linked chains, some five units long.

An analytical study of fifteen Combretum samples and two
Terminalia it-samli)les showed a wide Qariation in properties. The
intrinsic viscosities were all high. The samples varied in their
aldobiuronic acid content: although' all the gams contained 6 -~ O -
(p- E_)a ~ glucopyranosyluronic acid) - g - galactose, most of the
Combretum samples contained 2 ~ Q - A(o{_“- D - galactopyranosyluronic
agid) - __Ié ~ rhamnose, whereas the other Combretum samples and the
Terminalia samples co>ntainec'iv a mannose = galacturonic acide The
broaé structural features of oné example of each of the two types

yzer’e examined. The two types had widely differing structures .alth-%mgh



both contained a. ﬁ - 1,6 - linked galé?:tose backboné_. In on_‘e type,
most of the ﬁrbnic acid was'intré-chain wﬁereas in the other it was
end-group..

| Analysis of specimens from three of the 5 known subspecies of

Acacia tortilis showed each subspecies to be analytically distinct.

Homogeneity studies showed subsp. heteracantha to be the most

heterogeneoys Acacia gum exudate studied to date.
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SECTION I

" GENERAL INTRODUCTION



1.

Plant gums are complex acidic polysaccharldes exuded from the
stems of certain tropical and sub-tropical trees found in Af;ica,
Australia,'Indiag South America and parts of Asia,_after mechanical
injury or bactgrial infeétion1o The precise mechanism of gum
formation is still a matter of conjecture. The viscqus méés

“hardens in the sun to form nodules, which normally dissolve in
water toiform neutral or slightly acidic solutions since the
carbohydrate gum acid in the nafural state is wholly or partly
neutralised (salt-formation) by calcium, qagnesium, sodiu@kand
potassiumj iron, copper, strontium, zinc and manganese are also
presgnf in smaller amounts, as shown by a recent atomic absorption
rstudyao |

~ Some gum species give highly viscons solutions, ahd.this.
propérty makes them very useful eommercially3° The Egyptiams
used gums as paint thickenérs and for embalmihg purposes,.and for
‘many centuries nati%es of the countries where they are found have
con51dered plant gums to be of therapeutlc valuee Nowadays they
‘_are extensively used commercially as thlcken1ng agents, emulslflers,
and adhesives, particularly in the dairy, confectionery, and
pharmaceutical industries.

The molecular weights éf piant gums are nofmally within the
range 2 x 10) to 2 x 106, although the work on Combretum’ specles
reported in this thesis (see Section VA)‘shows that some gums have
molecular weights of over 8 x 106° .

All the plant gum polysaccharides studied so far are complex

_and.highly bfanched, containing more than one type of monosaccharide



2e
unit. The neutral sugars present mosé frequen'tly are g - g&].‘actose,- ‘
é - arabinose, and -_I..__ - rhémnose, with -P-_ = Xylose aﬁd g = mannose .
found in certain species. This thesis contains the first report
of the occurrence of D - glucose in a gum polysaccharide. The
acidity o£ plant gums moét.frequently ariseS'f:om fhe pfesencé of
D = glucuronic acid and its 4 =0 = methyi §e?ivative, but éertain
guﬁs’also co@tain[g - éélacfurohic acid. The uronic acid content
varies from gum to gum, and gedgraéhica1 and seasonai variationsA'
éccur fbr each species; the uronic acid content may well be
analytically different in different nodules of gum obtained from

6

‘one tree’. Acacia pycnantha”’

has the lowest uronic acid content -
(3.3%) found so far in any genus, and typical valueé for the uroﬁic
acid content of gums fé;l in the range of 10=15%, but some
‘Combretumn sﬁecies have been found in tﬁe presenf'work to contain
over 30% uronic acidg

Gums also contain broteinacepus materiale. In many species the

" percentage is suall (1-2%), but Neem gum (Azadirachta indica)7'ha3‘

been found to contain 30-40% protein ana én aminé sugér; thé 
“evidenﬁe\availablé to date seems to imply that there ié chemical
boﬁding between protein andApolysaccharideo

Gum exudates_are found in hot tropical climates-énd the fact
that gum formation is maximal in very hot dry weather after heavy
rainfall tends to suggest that their formationAis to prevent
chessive loss'of moisture through an injured paft of the tree stemao
The high'viscosity of gun solutions makes their trénslbqation

within planis appear to be less likely than their synthesis near



- obtain data

30

"the site of iﬁjury;

Recently a greatldeal of #nalytical work has been done-to
-1 -to suppbrt chemical plant ﬁaxonomy12, especially
in the genus Acacia, the most studied of all gum-bearing genera
and the most 1mportant commercially. Bentham has classified the
genus Acacia into six Serles13. Most chemical structura_ studies
have centred rcuﬁd his Series 4 and 5, but Sectiop III of this
thesis consists of a detailed analytical study of six previously

unétﬁdied_Acacias from Bentham's Series 1 (Phyllodineae) together

Qith an examination of the methylated products oI some of thesé to

obtaig a certain amount of information‘conperning their structural

features. § |
.Séction IV of this thésis reports work on the gum from

Anacardium occidentale; this has been found to contain glucose,

which has not been found previously in a plant gum. Sub=section A
gives analytical data for two specimens of this'gum9 and sub-
section B gives structural details of one of the specimens with
S§ecial referencé to the location of the glucese in the
Apolysaccharlde moleculee |

| Very little work has been done previously on the famlly

Combretaceae. Section VA of this thesis contains a detailed .

Aénalytical study of the gums from fourteen Combretum species, and
two botanically r;iated Terminalia species. These all differ
widely analytiéally. Section VB reports the structural feéturés
of.two of thése Combrefum samples, which structurally appear to

differ widely from other genera. -



The final section of the thesis reports the amalytical

differences shown by gum specimens from Acacia tortilis and its

closely related but reédily distinguishable subspecies which were,
until recently, classified botanically as different, distinct
species. 'During this study it was found unexpectedly that these
specimens gave the clearest evidence obtained to date for the

occurrence of heterogeneity in Acacia gum exudates. -
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SECTION II

EXPERIMENTAL METEODS ’
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'II.1. GENERAL METHODS

Weighings, All accufate weighings were made within the range
of the graticule scale (range, 0-100 mg) of a Stanton Unimatic
Model C.L.I. single?pan balance, having an accurécy of *+ O.f mg.

Dialyses of polysaccharides, to remove low molecular welght
.materlal, vere carrled out in cellophane tubing (Kalle
‘Aktlengesellschaft, Wiesbaden) against runnlng tap-water for
48-72 hours unless otherwise stated.

" Electrodialyses of polysaccharides were carried out in a three~

compartment perspex cell fitted with‘céllophane mem?ranes. The
watervin the outer electrode compartments was changed regularly to
| prevent overheating._ Electrodialysis was continued until a current
(applied voltage = 300V) ceaéed to flow.

Reductions in volume were carried out on a rotary evaporator

at tenperatures below 4000.

Moisture contents were determined by heatlng to constant

- welght at 105 C.

Ash contents were determlned by heafing to constant weight in

a muffle furnace gt 550°C°

Nitrogen contents were detérmined by a semi-micro Kjeldahl

method,

Carbon, hydrogen and nitrogen contents were determined using a

Perkin-Elmer 240 Elemental Analyser.

Methoxyl contents were determined by a vapour-phase infrared

- method1’ 2; a calibration curve was based on known weights of

methyl iodide.
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Acetyl contents were detefmined bj alkaline hydrolysis

followed by distillation of the acetic acid liberated and titration

with 001N - sodium hydroxide .

Equivalent weight determinations on exhaustively electro-

dialysed polysaccharides (test: % ash 3 0.1%) were carried out
by direct titration with standard sodium hydroxide solution

(ca. 0.01N). "

Uronic acid contents were calculated from the equivalent
weights as (17600/E.W.) ie:= Values for uronic acid are expressed
as the anhydride.

4

Quantitative estimate of sugars. Sugars were separated b
g Q by

chromatography on previously washed Whatman No. BM‘Mvpapers° .After
elution from the paper, sugars were eétimated colorimetrically by
the phenplusulphuric'acid methodh° Thé 0pticalvdén5ity was read cn
a Unicam SP 1300 specfroﬁhotometer using filter 2. Calibratidﬁ.

- curves were drawn for kuown weights of sugars.

Melting‘points were observed on & Kofler hot stage

microscope.

II.2. PHYSICAL METHODS

5

sciutions

Specific rotations of agueous, chloroforw, and urea
were measured using the sodium D-line with a Perkin-Elmer Model 141
polarimeter at 20 :,2°C°

Viscosity determinations were carried out in M-sodium chloride

solution in an Ubbelohde suspended-level dilution viscometer at
25.0‘:,O.ﬁoce Solutions were filtered carefully before additions

were made to the viscometer. Flow times were measured to within



8.

0.1 sec by means of a stbp watch{“ Thé isoionic dilution techﬁique
w#s used; a solution of the gum (6 ml, 2-4%) was placed in the
viééometer and the flow time measured. Flow times were als§
- obtained for successive_dilufions with'M-sodium chloride solutions
(four additions of 2 ml each). Sincé preliminary experiments had
indicated that any loss of gum from M~sodium chloride solution on
filtering was negligible,; concentration values were estimated from
the dry weight.of‘gum dissolve& iﬁ_a kndwn volume, |

 Assuming the densities of M-sodium chloride and gum solutions

to be equal for low concentrations of gum, the viscosity number,
E“L] is given by

tat

", 1 = lin 2B - qinm
E J ni cto
: v-> 0 0

c=»0

where ¢ is the concentration of gum (gm/bﬁB) and to and t are the
flow times (sec) for solvent and solution respectively. Extrapola-
. tion of the linear plot of t-to against ¢ §0'c=0 give§ [ﬁtj o

cto

Light»scattering méasurements'weré'darried out at 27.0
+ 0.5°C using a SOFICA photogoniodiffusbmeter Model 4200,
Unpolarised grean light'(S&G nn) was selected from a mercury lamp
spectrum by use of a Wratten Kodak N61 filter. -
Using the 1imifing viscosity number as a guideline to the
_ desirable concentration and using N-sodium chloride solution as
' solvent, gum solutions were accurately prepared (00190;3‘3 in
20 ml). Dilutions of this solution were made; the molecular weight

‘was calculated as an average of three of these'éolutipns, Solutions
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were clarified and_made-dust-frée by passage through filters of
average pore size Oohéfﬂm (Millipore Ltd., Bedford, Mass., U.S.A.)
»using a stainless-steel filter holder attached to a 20 ml syringe.
Concentrations of gum solutions were assumed to be unaltered by
ultrafiltrations‘

For each concentration,’the intensity of scattered lighf at
various angles between 300 and 150° was recoided, and corrected
scale readings,-Ie, for anéie ©- were calculatgd? from the-equation

_ (I soln, = I sol.) sin ©-,

I
1+ cos2 e

e

where I soin. and I rOl. are the scale readlngs for polymer solution
-and solvent respectively. The reclprOcal corrected scale reading,
1/19, is plotted against sin /2. Extrapolation of the linear
~port10n of this graoh to &= O gives a value for E 1/1 :] =0 °
The downward curvature of these graphs. at 1ow angles is thought to
be caused'by scatter from dust particles suspended in solutiong.
~ Molecular we&ghts are found from the equation

- | i | -
M = o X

n G
2R P07 | o : ,
S [an/acF . Ig « Co D/Ie] 6=0

refractive index of solvent (1.340) -

where n, =
n = refractiﬁe index of soclution
. N = Avogadro's Number (6.023 x 1023)
N = wavelenvth of incident light (546 nm = 5. #6 X 10-5cm)
R = Rayleigh coanstant of standard benzene (16, 3 x 10~ 6
= 54€ nm)
C = concentration in gu/ml
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Ip

"

infensity diffused, selecteq for standard benzene (0.5)
dn/dec = refractive index increment.

Using the dn/dc value of 0.146, which is the average value found’

fof a series of ﬁgggig gums, then the equation is simplified to

M= 2,309 x 10°

¢ . [Vigd g,

Infrared spectroscopy was carried out using a Hilger-Watté

H.1200 double-beam grating spectrophotometer.

_ Ultracentrifugation was carried out using a Beckman-Spinco

Model E Analytical Ultracentrifugé. Polysaccharide solutions
(0.5% in 0.5M~sodium chloride solution) were examined at 44,000
r.p.m. After the ultracentrifuge had attained this speed, the
boundary patterns, obteined by Schliéren optical system, weﬁe

photographed at 16,-8'or 4 min intervals,

II.3, CHEMICAL METHODS

Small-scale polysaccharide'hydrblyses were carried out with

- N~sulphuric acid for 7.5 hours on a boiling water bath,'upless
otherwise stated, Preliminary tests showed that such conditions
do not éause hydrdiysis of uronosyl linkages in the materials
studied in this investigation: this was taken into.account vhen
determining sugar ratios. Hydrolysates were neutralised with
barium carbonate, filtered,.deionised with Amberlite IR-120(H)
resin, and concentrated on a rotéry evaporator.

Small-scale nolysaccha:ide methylations,

(a) The Haworth1o method - Methylations were carried out in an

atmosphere of nitrogen at room temperature. Dimethyl sulphate



‘ (2 m1) and sodi@ hydroxide [(2 qll)', 30% (w/v):] wvere added
dropwise with.stirring to the polysaccharide (100-500.mg) in
water (10 ml) over a period of 1 hour. Acetone (5 ml) was added
to the reaction mixturé, and six further additions of dimethyl
sulphate (12 ml) and sodium hydroxide (17 MI)'were mede, allowing
3 hours for each addition. After stirring for 12 hours, thé
rgaction mixture was heatedlat-Goob for 30 min, with nitrogen
bﬁbbling vigorously through the soiution. After cooling, the

© reaction mixture was neutralised with 4N-sulphuric~acid and made
slightly acid (pH 4;0); a -white precipitate wa$ normally observed
at this stage. The nmethylated product was éxtracted into |
chloroform (4 x 100 ml extféctions).and the extract shaken with
Baturated_ sodium c;hloride solution (ca 100 ml). The chloroform
layér was §eparated; dried over anhydrous sodium sulphate and
concentrated.qn a rotary evaﬁorator; The concentratea}syrup was
pouréd into light petroleum (bp 60°-80°, ca 400 wl) with stirring
_ the precipitated methylated polysaccharide was isolated, éfter
filtration and drying, as a white amorphous powder.

(b) The Purdie and Irvine method = The partially methylated
polysaécharide (jOO—hOO mg) was dissolved in methaﬁol (5 ﬁl) and
meth&l iodide (10 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 ccoled and filtered thfough
g siﬁﬁered glass and the residue extracted six times with hot

chloroform (ca 50 ml)., The combined filtrate‘and extracts were
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reduced in volume and any dissolved silver ions removed by passing
hydrogen sulphlde through the solution and refiltering. After
concentration to a small volume, the syrup was poured into light
petroleum (bp 60°-80°, ca 400 ml) with'stirring. After filtration
and dryihg, the precipitated, methylated polysacchafide was
isolated as a white amorphous powder.

12, 13

Small-scale oligosaccharide methyiations The

oligosaccharide (0.5=2.0 mé) was shaken with methyl iodide

(0.2 m1), N,ZN-dimethylformamide (0.2 ml) ana-silvef.ogide (0.2 g)
at room~température 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.

Methaholyses.wére carried out under reflux for 6 houré with
méthanolic 5% hydroéen chloride. Sélutions were cooled, neﬁtraliéed
with silvér carboéate ard filtergd. The residue was‘washed with
methanol and‘any dissolved silver ioms were removed by passing
, hydrogen sulphide through the solﬁtion. Affer refiltration, the
solution was taken to dryness on a rotary evaporator, taken up in
'chloroform and concentrated to small volume,

Perlcdate oxidations of‘polvsaccharldes yere carried out in

the dark at room tenperature.

(a) Consumption of periodate, = fhe amount of periodate consumed
by a polyééccharide was estimated by back-titration of exéess

" periodate. Excess potassium ipdide was added to a portion_(1 ml)
of the periodate soluticn, and the icdine liberated was titrated,

after the addition of sodium bicarbonate (ca 200 mg), with .
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sténdard'sodium arsenite solution (ca 5005N) using Thyodene as
indicator1“. | ' 7
(b) The formic acid released was estimated titrimetrically15
with standard sodium hydroxide (ca 0.1N) for portions (1 ml)

of the solution. Methyl red was used as indicator.

Molecular weight of polysaccharides by end-group aha{zgis

Was obtained by periodate oxidation of the poiysaccharide followed
by colorimetric estimation of the fofmaldehyde'releaéed'using
chroﬁotroﬁic acid16, ' The polysaccharide (3%0-50 mg) was dissolved
in p-hydroxybenzaldehyde solution {10 ml, 0.1% (w/v)]. This solvent
- prevents recombination of formaldéhyde with oxypolysaccharide17.

~ To the solution was added a portionﬂ(1 ml) of sodium metaperiodate
solution such that a slight eiéess of sodium metaperiodate was
‘présent° At suitable time intervals, samples (1 ml) were
traﬁsferred to centrifuge tuﬁes, treated Qith O°5M—sodiﬁm

- sulphite solution (i ml) to destroy\excess periodate, and withr

f ethanol (4 ml) to precipitate the oxypolysaccharide° The tuﬁes

- were stored for 2 days at 2?0 then centrifuged. Portions (1 ml)

of the supernatant were treated with 9 ml chromotropic acidA
reagent_E? g of the sodium salt of chromotropic acid tB;D;H.,

ﬁfor formaldehyde determinations') dissolved inla solution‘of Analar
sulphuric acid (566 ml) and water (320 ml)1%] on a boiling water
bath for 30 ﬁin.‘ After cooling, ﬁhiburea solution E? ml 4.6% |
(w/vij‘gas added and the optical density measured on a ﬁnicam

SP 1300 spectrophotometer using filter 4, A calibration curve

for formaldehydelwas constructed by periodate oxidation,of

solutions of Analar glucose, 0.5M with respect to sodium bicarbonate.
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‘Assuming production of one molecule of fcrmaldehyde per average
polymer unit, a value for the number - average molecular weight,

ﬁg,‘of the polysaccharide may be calculated.

II.4, CHROMATOGRAPHIC AND ELECTROPHORETIC SEPARATIONS

Ton~-exchange chromatography on diethylaminoethylcellulose19.

DEAE - cellulose powder (Whatman DE 32, microgranvlar form, 10 g)
was treated with O.SN-ﬁydrochloric aéid (250 wl) for 30 min. After
filtration and washing until the efflﬁent pH was ca.l, the
exchanger was treated with O.5N;sodium hydroxide solution (250 ml)
for 30 min. After further filtration and washing until the effluent
was neutral, the exchangerwas 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
qpened after the first 2 cm §f exchanger had been packed) and
allowed to settle. Samples (5-10 mg) of polysaccharides in buffer
(1 ml)_;ere washed into the columms with excess of buffer; elution
of the acidic polysaccharides was performed by application of a
‘sodium chloride concentration gradienf (O_~ 0.5M) in 0.02M-acetate
buffer‘(pH 4.1) with total elution volume of 250 ml. Fractions
(2.1 ml), collected using an automatic collector, were screened by
the phenol-sulphuric acid-methodh. $he optical density of each
fbaction was read on a Unicam SP 1300 spectrophotometer'using
filter 2.

20,21,22

Molecular-sieve chromatography (M~SC) was carried out

on columns of:-
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Bio-Gel A-~5m, Bio-Gel A-15m, Bio-Gel A-150m (Bio-Rad Laboratories,
Richmond, California)
Sephadéex G-25 (Pharmacia Ltd., Uppsala, Sweden).

M-sodium chloride solution,'confaining thymol (0.0005%) as a
bacteriostatic agent, was used as eluant. To prevent defofmations
by "wall-effects', columns were pretreated with dichlorodimethyl-
silane (1% in benzene) at 60°C and oven-dried.

Gel bed materials weré_fully swollen by gentle stirring in
M-sodium chloride solution for one day. A thin layer of glass
beads or fine sand was used to support the gel, and the gel slurry
was added cdnéinuously to the column from a large filter funnel;
the gel slurry in the funnel was stirred while excess eluant waé
allowed to percolaté through the growing gelAbed by regulating
the flow of liquid from the tap .at the bottom.of the column. The
top surfaces of columns of gel vere stébilised by a thin layer of
fine sénde Eluant was allowed to flow through the columns for
-2 days,beforé use. _

For the Bio-Gel columns = polysaccharides (5-10 mgs) in
M~sodium chloride (1 ml) was applied tc the column by caréful
layering on top of the bed material. Elution diagrams were
obtained by
(a) fractions (2°1ml) collected by an automatic collector and
screened by the phenol-sulphuric acid method“} The optical
density was read on a Unicam SP 1300 spectrophotometer using
filter 2. Collection of fractions was begun as soon as the

polysaccharide solution had been applied to the top of thebcolumn.
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(b) automatic{fecording of dyed polysaccharides with-a .
Unicam SP 1300 using filter 3 connected to a recorder.

Paper chromatography of sugars was carried out on Whatman No. 1

papers using the following solvent systéms (v/v):~

(a) ‘ethyl acetate, pyridine, water (10:4:3)

(v) benzene, butan ~1- ol, pyridine,water (1:5:3:3, upper layef)
(¢) ethyl acetate, a&etic acid, formic acid, water (18:3:1:4)
(d) ethyl acétaté, acetic acid, formic acid, water (18:8:3:9)
(e) butan —i-vol, ethanol, water (4:1:5, upper layer)

(f) butan -2- one, water, ammonia (4. 0.88) (200:17:1)
(g) ethanol, hydrochloric acid (0.1N), buten -1- ol (10:5:1)25

Before using solvent (g), papers were dipped in O°3M-sodium'
dihydrogen oftho phosphate solution and air-dried.

| The followihg spray reagents were used:e

(1) - Aniline oxalate. Reducing sdggrs were detected by spraying
chromatograms with a saturatea solution of aniline oxalate in
ethanol, water [h:ﬁ-(T/VXJ, then heating at 150°C for ca 3 min.
(2) Silver ﬁitrafeo Reducing suéars and sugar glcohols were
detected by dipping.chromatograms in a saturated solution of .
silvef pitrate in acetone, prepared by adding saturated aqueous
silver nitrate (1 ml) to acetone (100 ml), and sufficient water
to redissolve the‘precipitate which formed. After drying,
chromatcgéé@s were sprayed with aqueous ethanolic Ne-sodium
hydroxide [ water:ethanol, 1:9 (v/b)j; Chromatograms were
preserved by treatment with 10% (w/v) sodium thiosulphate solution

and washing with watero
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(3 feriodaté-Pérmanganate. Reducing sugars and sugar alcohols
were detected bylspraying chromatograms Qith é mixture of 4 parts
of 2% (w/v) sodium metaperiodate solution to 1 part (by volume)
of 1% (w/v) pptassium permanganate in 2% (w/v) sodium carbonate
solution. After 10 mins, excess permanganate was removed by
washiné with»ﬁatero,

(4) Glucose was detected by an enzymic method; Chromatograms vere
sprayed in succession wifh (a) 0,05% peroxidase in 0.5M-phosphate

~ buffer pH 7.0, (b) 0.65% glucose oxidase in O.5M-phosphate buffer
PH 7.0 and (c) 0.1% O-dianisidine in 90% (v/v) aqueous ethanol.
Gluéose oxidasé specifically oxidises gbglucose releasing hydrogen
pefoxide, which is coupled_to O-dianisidine by perqxidase to giﬁe a
greeny purple spote. | -

R n%alues of sﬁgars refer to distances'movéd relative to that

£

of the solvent front. R values of sugars refer to distances

gal
moved relative to that of D-galactose. Rg values of O-methyl
sugars refer to distances moved relative to.that of 2,3,4,6 =

tetra ;Q- msthyl - 2 glucose.

Gas-liquid partition chromatography (g.l.c.) of mixtures of

26,27

O-methyl sugars was carried out uéing a Pye Argon Chroﬁato-
grapﬁ, at argon flow rates of ca 100 ml/min on columns (120 x
0.5 cm) of:=
(1) 15% by weight of ethylene glycol adipate polyester on 45-60
mesh Gas-Chrom Z at 176°C.

(2) 15% by weight of butén ~1,4- diol succinate polyester on

80-100 mesh Gas~Chrom P at 176°C.
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Retention times (T) are quoted relative to methyl 2,3,4,6 -

tetra -0- methyl -B-D- glucobyranoside as standard.

4Zone electrophoresis of polysaccharidés was carried out on
strips (18 x 5 cm) of cellulose acetate film (Schleicher and
Schull, Daséel), using a Shandon Universal Electrophoresis
Apparatus, Mark II, fed by a Vokam Power Unit, Model 2541,
capable of iroviding constant voltage or constant current. 0.1M=
ammonium carbonate buffer (¢H 8.9) or O.1M-acetate buffer (pH k.7)
was used as electrolyte. Electropﬁoresis was carried out at a
field strength of 17.2 volts/cm for 2 héurs. Polysaccharide bands
were located by a modificatioh of the periodate-rosaniline | |
hydrochloride methodzs;-
(1) stfips were immersed in ethanol for 5 ﬁins
- (2) stfips were immersed in.g solution of sodium metaperiodate -
[2% in water-ethanol, 1.5:10.0 (m/vX] for 10 mins
(3 strips were immersed.in a solution of reduced rosaniline
hydrochloride‘(2%)28, until staining was-compléte (ca 15 mins).
Todine, ffom reduced periodate, normallj appéared on the strips at
" this stage but dissolved in the rosaniline hydrochloride solufion
(&%) ‘striés were washed four times in a solution of potassium
: metabisulphité (1 g) in N-hydrochloric acid (100 ml).
(5)" strips were washed in ethanol and diied between sheets of
glass.

Polysaccharides were located as a dark mauve band on a pale

pink background.
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Thin-layer electrophoresis of polysaccharides was carried out

on ''Phoroslides" (Millipore Ltd.) using 0.O5M-ammonium carbonate

- buffer (pH 8.9) and 0.05M-borate buffer (pH 9.2) as electrolyte.

The following procedure was adopted:-

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

remove excess moisture and placed in a 'Phoroslide' cell :

connected to a Vokam Power Unit. |

(2) polysaccharide soluti;ps (1% in buffer) were applied. from &

micropipette, as thin bands 2 cm from the cathode end of the strip.

(3) electrophoresis was cérried out, at field streﬁgths of

26 volts/cm along the strip, for 10 mins, \

(4) polysaccharide bands were'loéated by the periodate roSéniline'

hydrochlori-ievtechnique28 described for cellulose acetate

electrophoresis; After.electrophoresis of dyed polysaccharides,

strips were dried in a current of air. |
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SECTION IIX

A STUDY_OF ACACIA GUM EXUDATES OF THE SERIES PHYLLODINEAE'
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IIT.1.  INTRODUCTION

Although Bentham1 placed 277 Australian speciesAin his Series 1
(Phyllodineae) of the genus Acacia, Tindalea now believes the
correct number to be at least 570. .Apart from some s§u§ies of the
distribution of amino acids in the seeds3 and of the flavonoid
_ <:oni:ent‘+ of the heartwoods and barks, reélatively few species of this
Series have been stﬁdied in any respecf so far. There have been

studies of the gum exudates from only six of the Phyllodineao,

namely A. cyanophylla ’6,~A. harpo h'lla?, Ao miqgobotrxg?,

A, penninervis7, A, godalxgiifolia§'8, and A, pycnantha9°11, but of

these only A. cyanophylla, A, podalyriifolia and A, pycnantha have

been studied extensively. All of these were placed by Bentham in
Series ﬁ; sub-series 6F (Uninerves Racemosae) with the exception of

A. harpophylla which has been placed in sub-series 7F (Plurinerves

Nervosae) o ' L - -

A détailed analytical study has now>been cér:ied out 6n'the gun
exudates from a further six species of the Phyllodineze together
- with methylation dafa for féur of them to pfovide details of struc=

tural featurss. The gums studied were from 4, difformis, A, falcata,

A, mabellas, A. retinodes and A, rubida (which are placed in

Esntham's Series 1 sub—series 6F) and A, calamifolia which is placed

in Series 1 sub-series 4C (Calamiformes Uninerves).

III.2, ORIGIN OF GUM SPECIMENS
Gum from Acscia calamifolia Sweet ex Lindl,(Bentham No,57) was
collected by Mr. R.D. Croll from a bush 10 ft. high, 10 miles west

of Rankin's Springs, New Scuth Wales on 2% Januery 1970. Gum from
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A, difformis R.T. Bak, was collected by Mr Croll from a bush infested

with beetle-borers at Rankin's Springs, New South Wales on 23 Januéry
1970. Reference vouchers for both these species have been verified
and are lodged in the Herbarium, Royal Botanic Gardens; Kew. Gum
samples from A. falcata Willd. (Bentham No 123) were obtained on

15 September 1970 and 25 June 1971, from pruning wounds on a large
specimen of this species growing in the tropical house, Royal Botanic
Gardens, Edinburgh., Gum from A. mabellae Maiden was collected by

Mr, Jo Pickard at The Vines, 8 miles SSW of Sassafras, New South
Wales, on 13 June 1970 (Voucher No NSW 105156) . The gum exudate

from A. retinodes Schlechtd. (Bentham No 126) was collected by

Dr. P. Moyna at Montevideo, Uruguay in May 1970, Gum from
A. rubida A, Cunn. was collected by Mr. A, Rodd at Burbong, New

South Wales, on 25 April 1968 (No NSW 99697).

III.3, EXTRACTION AND PURIFICATION OF GUM SAMPLES
" Crude gum (3-4 g) were dissclved in distilled water (2%

solution) over 2 days. In the caée of A. calamifolia, A. difformis;'

A, falcata and.An retinodes, almost all of the gum dissolved but
with A, mabellae and A. rubida a great deal of gum remained
undissolved and required mild treatment with sodium borohydride for
2 daysvto facilitate almost-complete dissolution. The solutions were
filtered through No 42 and No 1 filter papers, dialysed against
running tap water for 2 days'(# days in the case of samples-treated'

with borohydride) refiltered and freeze dried.
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III. L, ANALYTICAL COMPARISON
Analytical data for the six samples are shown in Table I1A,
Hydrolysis with N-sulphuric acid followed by chromatoéraphic
examination of the hydrolysaﬁes showed the pfesence of large amounts
of galactose, some arabinose, and trace amounts 6f rhamnose together
with the aldobiuronic acid 6-0-(B-D-mluccpyranosyl uronic acid)-2~
galactose [ R p 0-27 in solvent (¢), 0.61 in solvent (d) ] . This is

consistent w1th esults found for A, cyanonhylla5 and A, Apycnanthag,

Also'detectable were small amounts of what appeared to be, from
chromatographic evidence, 4-~O-methyl glucuronic acid [ Rgal io%6 in
‘solvent (¢); orange/pink spot ]. The presence of this ;cidiclsugar
is unusual in a IN-hydrolysate; 2N-hydrolysis with sulphuric acid

is normally required to breal uronosyl linkages.

by
L AN
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TABLE III,A.

ANALYTICAL DATA FOR PURIFIED GUM POLYSACCHARIDES
FROM ACACIA SPECIES OF THE PHYLLODINEAE SERIES

Acacia. Acacia  Acacia Acécia Acaciza  Acacia
calanifolia diffcrmis falcata mabellae retinodes rubida

Recovery from crude gum 82 ' 93 92 70 81 88
Moisture, % 12.9 10.2 9.8 11.5 1.4 12.6
Ash} % : 2.0 1.5 . 1.8 147 2.1 2.0
Nitrogen, %> | | 0.26 0.28  0.21 0,23 048  0.50
Hence protein, % (N x 6.25)% 1.6 1.8 1.3 - 1.b4 3.0 301
Methoxyl, %° | 0.87 0.6  0.49 041 041 0.25
E;Q] B in water, (degrees)b +4 «5 +9 4k +1 ~25
[:oL] B in 7M-urea, (degrees)b +8 -6 | +9 +6 +3 <18
Intrinsic viscosity, L™y ml/gn” . 5.8 6.2 5.1 5.8 95 97
Molecular weight, (MW x ‘10“)?' 2k bo7 7.9 12 73 %2
Equivalent weight® N 2430 /o0 2290 2870 1770 3010
Herce uronic anhydride, ("é)b+c 7 5 8 - 6 16 é
Formic acid realeased, mM/gm n.d. 23.11 2.98 = 2,83 4,06 2,91
Pertiodate consumed, mM/gm n.de 2.9 9.9 9.8 12,0 8.7
Periodate consumed - - ‘ A ' |
Formic acid released V _ n.de 3.18 3.32 3.k6 2096 2,99
Sugar compos:ﬁ::’.onb after '

hydrolysis .
L 40- Methylglucuronic aci.dq 5 3.5 3 2.5 2.5 1.5
Glycuronic acid 2 1,5 - 5 3.5 745 o5
Galactose , 84 75 85 76 . 76 63
Arabinose 8 19 7 7 - 12 P’
R ose 1 1 trace 1 2 1
a | Corrected for moisture content. b Corrected for mgistm-e and pretein content.

¢ | If a1l scidity arises from urcnic ecids. d If all methoxyl groups located in this acid.

n.jde = not determined
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Although there are a few divergences such as the relatively
_high negative rotation of A. rubida (-25°), the relatively high
molecular ‘weight (730,000) and uronic anhydride (10 %) of

A, retinodes, the nitrogen content and intrinsic viscosity of

A, retinodes and A, rubida, and the galactose-arabinose ratio (2:1)

of A, rubidé, the gum exudates from these six species are énalytic#
ally very similar, particularly when it is appreciated that the
specimens'studied were coilécted in sﬁch widely differing geographical
,1oca€ions as_Australia, Scotland and Uruguay. Thgrg is evidénce

from the literature12 that the exudates from Acacia species May ;ary

with geography and to obtain further evidence on this point. gum

specimens from two other species of the Phyllodineae, A. eyanophylla

and A. pycnantha have been examined. .The composition and properties
of an African specimen (supplied by the Botanical Research Institute,
Pretoria) and of a Western Australian sample (supplied by the

Curator, Perth Botanic Gardens) of A, eyanophylla gum did notAdiffér

significantly from the values published for a South African sample,
A similar conclusion was reached when analytical data for two

. specimens of A.'pyénantha gun from New South Wales (supplied by

Mr. R.D. Croll) were compared with the values given in the
literature1o for a South Australian sample,
Theré is virtually a complete correlation between taxonomy

and the analytical data for the exudates from A. calamifolia,

A, difformis, A. falcata, and A. mabellse. These species form a

distinct group in terms of their exudate composition. The galactose-'

arabinose ratio in A. calamifolia and A. falcata is greater than in



any Acagia gun exudate studied so far 2. A. podelyriifolis®str 1

( [o{]o= +5.3°% equiv. wt. = 3585, Uronic Anhydride 4.6%,
galactose-arabinose-rhamnose 83:16:1, M.W 74,000) would also fit

. into this group, as would A, retinodes neglecting the slightly

higher uronic acid and the much higher molecular weight, which
may be due to the strong yellow-red colour of the gum.

The only previous reference to A, difformis was published in

1897 hy Baker15, who commented that it was one of the few Australien
: Acacias to exude a séluble form of éum. The brief chemical details
quoted referred only fo thé solubility of the gum, the dark colour
of its solutions (exceptionally dgrk solutions were nét found in
this study), a negative optical rotatioﬁ (no value specified), and
a low zsh content. Baker cencluded15 that A, difformis gum would bz

of commercial value if obtainable in quentity but he classified it

with "the second-class wattle gums of which that from A, pycnentha
is a type". Tﬁe results of the present study do ngt substantiate
the possibl@ commercial use of the gum as its viscosity of 6 m/g |
_ compares most unfavourably with that of a good commercial Acacia
grade, viscosity 15 ml/g.

Baker15 stated that Australian Acacias often give optically
inactive gum exudates. This if in error and possibly arose from
his inability to detect the low positive or negative rotations of
some of the Phyllodineae'due to lack of a sensitive polarimeter.
Although the majority of Australian égggég species studied
recently13 have specific rotations that fall in the range -10° to

+10%, A, cysnophylla (-35°) and A, rubida (~25°) in the

Phyllodinsae and severs). species of the Botryocephalae Series have
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strongly negative rotations, eg:- A. deanei (-66°), -

A. parramattensis (4#90}, A. parvipinnula (-54°) and

A. trachyphloia (=579,

From a chemotaxonomic2 point of view, it is becoming
'_increaaingly_dbvioqs that the most anomalous Acacia speﬁies studied
" 8o far are A. pycnantha and A, cyanophyila. No .two species differ
so widely in terms of their exudates, yet Bentham placed them next

to each other in his Series.and Tindale has stated "A. pycnantha

appears to be quite closely related morphologically to

A, cyanophylla, although a noteworthy difference is that the

flowerheads of the former have 50-100 flowers in each capitulum,
whereas in the latter there are about Lo, It is therefore

surprising that the gum exudates szthese species should differ

so markedly. According to Hirst and Perlin9, A, pycnantha has
E“Q]o -8° and glucuronic acid - galactose - arabinose - rhamnose

= 1=5:65:27:1=23 for A. cyanobhxllaB the corresponding sugar ratios

are 24:46:8:21 and [l ]p = -20°, At the present time, the gum
from A, cxanbgh;lla:has'the highegt content'of glucuronic acid’
‘and rhamnose recorded for the égggig genus;'the present study has
.vefified that the valueas quoted in the literature16 are
subsiéntiallj correct, because of the importance pf the issué and
the possibility of an earlier analytical error.
| The six gum exudates studied resemble A, podalyriifolia and

A. pycnantha. The latter still remains the least acidic of all
, 13

Acacia species studied to date “, and A. cyanophylla must be

regarded es atypical of this series of Acacias.
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Recently it was suggested ° that comparisons of the specific

rotations of polysaccharides in water and 7H urea solution pro;;de )
a new parameter for the conformational analysis of polysaccharide
chains. The optical rotation in water is conéideﬁed to be the
resultant of the contributions from the primary and tertiary
structures; the latter exists in agueocus solution vut not in
concentrated ureé or guanidine solutions. The values obtained

for the present species are shown in iableIILAw Of these, only

A, rﬁbida, which contains the highest proportion of arabinose,
appears to have significant contributions from tertiary stfuéture

to its specific rotation in aqueous solution.

ITII.5. PARTIAL ACID HYDROLYSIS

The polysaccharides (60-100 mg).wére hydrolyged with>0°5N
sulphuric acid (10 ml) for 1 hour on a boiling water bath. The
cooled solutioné were neutralised with barium carbonate, filtered,
deionised with Amberlite IR - 120(H) resin, reduced to a syrup .
~ and chromatograms run in solvent (b). Galactose, arabinose and

trace amounts of rhamnose were found together with 3 = 0 =B - D -

galactopyranosyl - D - galactose (Rgal 0.49) and small amounts of

10,16
a1, 0+27) .

6 - 0 -P- D - galactopyranosyl - D - galactose (Rg

III.6. METHYLATION OF SAMPLES

Four of the samples were methylated successively by the Haworth
and Purdie methods. Yields, specific>rotations and methoxyl contents

of the methylated products are shown in Table III,B.
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TABLE III,B.

METHYLATION DATA FOR FOUR ACACIA SAMPLES OF THE SERIES PHYLLODINEAE

A. difformis A. mabellae A. retinodes A. rubiéa

Amount of poly-
saccharide used

(mg) 296 299 232 304

Amount ofimethy-
lated product

(mg) 275 272 A208 243
[}4{] of product :
(in ‘::hloroform) "50060 "36 ooo "%o?o "4""060

% OMs | 39,2 39,8 39.5 40,0

Portions (ca S0 mg) of the methylated polysaccharides were
methanolysed and the mixtures of O-methyl sﬁgars examined by ge.l.ce.
The methanolysates were then hydrolysed with N—sulphuric acid for
L hoﬁrs on a boiling water bath. The cooled solutions were
" neutralised with barium carbonate, filtered, deionised‘with
Amberlite IR - 120(H) resin, concentrated and chromatograms run in
solvents (e) and (£). | o

The gethyl glycosides detected are shown in Taﬁle III?C. with

théir retention times (T), and Ré‘yalueé? The relative amounts of
Aeach component aré shogn in Table IIi,Do-tcgether with the O=
" methyl sugars found in A. cyanophylla, A, B°d31X£iif°iia and

A, pycnanths by Kaplan and Stephen6 for comparison.

The methylated polysaccharides from the four samples show



TABLE III,C.

O - METHYL SUGARS IDENTEFIED IN METHYLATED ACACIA GUMS OF THE SERIES PHYLLODINEAE

Relative retention time (T) Rg after

of methyl glycosides*® > . ’
' JL gLy * hydrolysis O - methyl sugar
column (1) column (2) solvent (e) solvent (f)
0.49 0.48 1.02 1,03 2434 = tri - O - methyl - L - rhamose
0,54,0.69 0.58,0.73 ' 0.95 1,03 24335 = tri = O - methyl - L - arabinose
0.85 1.03 - C.79 0.78 2,34 ~ tri - O «'methyl - L - arabinose
1.86 1.56 ' C.79 0.78 2,3 - di = 0 - methyl - L - arabinose
1.64 1,72 0.85 0.8%  2,3,4,6 - tetra - O ~ methyl - D - galactose
2.71,3433,(3.91) (2.96),(3.91),(4.26) 0.71 0.8  2,3,6 -~ tri - 0 ~ methyl - D - Ealactose
' 3.65,3.91 3.91,4.26 0.71 . 0.43 2,4,6 = tri - Q - methyl - 2 - gelactose
6.42 - 6058 0.71 0.326 2,3,4 = tri - 0 - methyl - D - galactose
9.24 9.28 0,47 0.20 2,6 -~ di =0 - methyl - D - galactose
14,8,16.1 - 14,97,16.80 C.b7  0.12 2,4 = di - 0 - methyl - 2 - galactose
- - . 0e31 0.05 2~0-~- methyl - D - galactose
2:49,3.00 2,48,(2,96) - - 2 3,# - tri -0 - methyl -D- glucuronlo acia**

*figures in parenthe81s indzcate T values of components which are
not completely resolved

**as methyl ester methyl glycoside

oL¢



TABLE IIT,D.

RELATIVE AMOUNTS OF O - METHYL SUGARS IN METHYLATED ACACIA GUMS OF THE SERIES PHYLLODINEAE

A
g g
0 etllllsuv '.%3 .-%- % © % .é | El
= a % 4 8 § 4 ¢
bl s ﬁ E 4 I i
a3 g8 2] & = 2 o
d < od o4 4 A4 <
2,3,4 = tri = O - methyl - L - rhammose 1 tr 2 X tr . tr 20
2,3,5 = tri = O ~ methyl = L - arabinose 26 30 8 21 14 12 3
2,34 « tri -~ O ~ methyl - '_I: - arabinose tr - tr, 3 - - -
2,3 -~ di - O - methyl - L —arabinose - - - 8 1 - 1
3,5 e-_ di - O - methyl - L.' - arabinose - - - - - - -
2,5 - di = 0 - methyl - ;I; - arabinose: . - - - - -3 - 7
2:3,4,6 = tetra - 0 - methyl - D - galactose 23 32. 27 29 26 29 . 7
2,3,6 -~ tri = 0 = methyl -D-~ galac.wse 2 2 1 -2 1 6 -
2,4,6 = tri - _C_)_ - methyl - E - galactose 16 15 1 16 L 2 2
2,34 = tri = O - methyl - D - galactose 6 2 11 '5 . 6 .8 7
2,6 - di - O - methyl - D - galactose 17 . - 1 2 2 - -
2,4 - di - O - methyl - D - galactose 20 13 28 9 Lo k2 28
2,3,4 - tri - 0 - methyl - D - glucuronic acid 5 6 8 k4 2 2 5
- - - tr tr 20

2y3 - di - Q0 - methyl - D - " glucuronic acid

*oC
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similar specific rotation and methoxyl content, the former being
consistent with values found for A, cyanophylla (-48°),

A. podalyriifolia (-42°) and A. pycnantha (-50%).

The g.l.c. traces of the four samples show a marked similarity,
the main components being 2,3,5 = tri = 0 - methyl - L- arabinose;
 2,3,44,6 - tetra - O = methyl - D - galactose, 2,4,6 -tri =0 -
methyl - D = galectose, 2,4 - di .= O - methyl - D - galactose and to
a lesser extent, 2,3,4 - tri = 0 - ﬁethyl - D - galactose und 2,3,15. -
tri - Q - methyl - D = glucuronic acid. The only di - Q - methyl
arébinose found was in A, rubida which contains inore arabinose than

the other four samples. This means that in A. difformis, A. mabellae

end A, retinédes all the arabinose is end-group arabinose, which is

consistent with results found from methylated A, podalyriifolia.

A, rubids contuins 2,3 = di = Q -« methyl - ,154 - arabinose but the
amount would seem to suggest very short aré.binose chains of no more
tha.ﬁ two units long. This fits in to a'c;ertain extent with

A. pycnantha which contains small amounts of 2,3 - 'di - 0 - methyl =

' L- arabinose and also 2,5 = di = O - methyl - L - arabinose6’1o.

The small amoﬁnts of 2,6 = di =0 = methyi - ,2, - galactose are
thought to arise from slight un&é'rmethylation but are not signifi-
cant. The large amounts of 2 = O -~ methyl - 2 - galactose found from
paper chromatography have S'een attributed to undermethylation18
and the fact that the results for the four samples show a marked

similarity to those found for A, podalyriifolia and A, pycnantha

except for the much smaller amounts of 2,4 = di = 0 - methyl



=~ D - galactose, suggests that the 2 - O - methyl - D - galactose

might arise from underméthylation of the 2,4 = 3i = 0 = methyl 8glacfose,

III.7. DISCUSSION
Analytically, A, calamifolia, A. difformis, A. mabellae,

A. retinodes and A, rubida are similar to A, pyénantha and

A, podalyriifolia. They all have a low viscosity (5-10), low protein
(1.5-3.1), ash, and uronic acid (5-10%) contents, and similar sugar
ratios with high proportions of galactose, some arabinose and trace

amounts of rhamnose. A, cyanophylla, with its high uronic acid and

rhamnose values appears to be quite distinct, despite the botanical
4similarities between the species. | |
The four methylated samples gave.similar gel.co traces after
methanolysis,'and the proportions of the various methyl glycosideé
were simila: in each case. The g.l.c. traces were alsc similar to

those obtained from A, pycnantha and A. podalyriifolia with 1arg§

amounts‘of end-group galactose and arabinose, smaller amounts of

| end-gréup glucuronic acid; and traée amounts of rhamnoaé. 'H;re
again, A, cxanoghxl)a does not flt into this general ﬁattprn as it |
has large amounts of end-group rhamnose, not very mich end-group
-galactosg, and much smgller amounts of terminal arabxnoseo' Perhaps '
even more significaht ig that, as well as chaiﬁs of arabinosé,

there would seem to be either chains of uronic.acid'or non-terminal
uronic acid residues as seen from the.large amounts of 2,3 = di -

0 - methyl = D = glucuronic acid in addition to the 2,3,4 - tri -

0 - methyl = D - glucuronic acid.
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A. cyanophylla therefore appears to be an unusual member of

the Phyllodineae Series analytically, although structurally, tke
basic galactan core may be the same as for the others.

Neglecting A. cyanophylla as being atypical of the Series

Phyllodineae, Table III,E. shows how Series 1 Acacias eompare with
those of the other series studied in any detail so far, namely
Series 4 and Series 5. 4 |
The Series‘1 Acacias differ quiteAmarkediy from those of
. Series 4 and Series 5: there is much more uronic acid than rhamnose;
only one detectable uronic acid comparedlto two in Series 5 and four
in Series 4; only two dissaccharides formed, one in ,very small
amounte; arabinose side chains, if~p:esent,-are~very-small and
possibly not more than two or at the very most-three units long.,
Also, the structure of.the Series 1 gum exudates would seem to be
vastly different from fhat of the-Series 4 and Series. 5 exudates.
When pestulating a possible structure for the Series 1 Acacias

the following features must be accounted for:- all uronic ecid

- residues must be llnked 1,6 = to galactose since the only biuronic

acid detected was 6 - 0 - (B - D - glucopyranosyl uronic acid) -
2-- galactose; partial acid hydrolysis stu&ies indicated predomin=-
aﬁtly 1,3 = linked galactose chaine with small amount ofv1,6 -
linked galactose 'units, The fact that 4O-50% of the O ~ methyl
sugars detected are end~group; iet= 2,3,4 - tri - O = methyl
rhamnose, 2,3,4 = tri = and 2,3,5 = tri - 0 - methyl erabinose,

2,3,4,6 = tetra = O = methyl = D - galactose and 2,3,4 - tri = 0 -

methyl - D - glucuronic acid suggests a very highly branched
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Properties

Sign of specific rotation

Ratio of rhamnose content
to uronic acid content

' Aldobiuronic acids yielded

on acid hydrolysis

Neutral disaccharides obtained.

on mild acid hydrolysis

0. - methyl - L - arabinose
obtained from the methylated

gums

Length of arabinose con-
taining side chains

TABLE III,=..

COMPARISON OF GUM EXUDATES FROM ACACIA SPECIES IN SERIES 1, 4 AND 5

Series 1

negative or

slightly positive

much less than unity

6"0-¢-2-G QA. )-g-gal

3-0-P -D-gal-D-gal
6-0-p ~D-gal-D-gal

2,3,5-tri and in some
cases 2,3,4=-tri- and

in a few cases 2,3~-di- "

and 2,5-di-0-methyl-

L—-arabinose

1 or in some cases 2 .
units

Series 4 ' '

positive
gréater than unity

6-0-(p-D-G.A.)-D-gal -
..o-(!+—ne-|3 -D-G.A. )-D—gal
140~ (B-D-G.A. )-D-gal’
l+-_9___-(ll-,ﬂ¢-o(.—2~” A, )-g—gal

3-0-P -D-gal-D-gal
6-0-p -D—gal-D—gal

3-O-p -L-ara f-L—ara
3-0- P —..J-ara p-L-ara

2,3,5 and 2,3,4-tri, 2,5-,
3,5~ and 3,4—d1-0-methyl—
L-arablnose

some are at least 6 units
long

Series 5

negétive
unity .

6-0-(B-D~G.A. )-D-gel

6.o-<t+-m.-p ~D=G.A.)~D-gal

3-0-P -D-gal-D-gal
6-0-B -D-gal-D-gal
3=0~p =L=ara f-L-ara
3-0-p ~L-ara p-L-ara
3-0-p -D-gal-L-ara

2,3,5=- and 2,3,4-tri and
2,5-di-0-methyl-L=

- arabinose

longest observed is.5
units long

¥



TABLE III,E. (CONTD.)

COMPARISON OF GUM EXUDATES FROM ACACIA SPECIES IN SERIES 1, 4 AND 5

Properties ' Series 1 - Series I
7o Basis of molecular structure “highly branched 1,3= . blocks of 1,3~ linked

galactan framework with 1,6~ galactose interspersed
. linkages to the main chain by blocks of 1,6- linked
galactose in a branched
galactan framework

8. '~ Approximate weight - average Mw £ .400,000 | Mw 3 850,000
molecular weights '

Series 5

branched 1,3- linked
galactan framework

M., £ 600,000

*)C
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galactan ~ core structure. ' There is fUrther indication of 1,3 -
and 1,6 - linked galactose chains from 2,4,6 -~ tri aﬁd 2,3, = tri -
g'; methyl - D - galactosides. The 2,4 = di - O - methyl - D -
galactose indicates galactose residues-linked at the 1,3-and 6
éositions. '

Aspinali, Hirst and Nicolson10 concluded that A, pycnantha

gun was a highly branched structure consisting of a framework of

D - galactopyranose residues with main chains linked 1—-»3 and with-

side chains attached by 1—»6 linkages. They postulated two possible

structures (figure III,%.).

FIGURE III,1.

-3 ggl 1—3 gal 13 gzl 13 gal 1 ==
) T
1 1 _ _
gal gal. —>3 gal 1—>3 gal 1—»

(D

(1)

UE‘ .a—auaé‘ A

These do not sufflclently explaln the large amounts of term1nal
groups with respect to the rest of the molecule and in partlcular
to the amount of 1,3 - linked galactose (shown as 2,4,6 - tri -

0 - methyl - D - gélactose on methylation).

A possible structural fragﬁent to fit the facts is shown in



FIGURE III,2,
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Figure III,2.

R = galactose, rhamnose, glucuronic acid, arabinose
or arabinose side chains,

R1 = galactose or glucuronic acid.

7 -The'aﬁove étructﬁrg‘fits the facts and agrees with the
'.4structur§1 findings of Aspinall et al. It also explains the
d;fficulty in methylating main chﬁin 1,3,6 = l{hked‘galactose.
A Smith degrédation study would be required to help clarify this
"picture.-' | ‘

A. cyanophylla would fit into fhis piceuie if £he. majority
of end=-group galactose ?esidues and‘éome.of the end-group arabinose
residues were substifuted by rhamnose &nd uronic acid or a ufsnic
acid-——-rhamnose_terﬁinal énd-grouping. However it remains the

most -atypical of the Series 1 Acacias.
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SECTION IV

ANALYTICAL AND STRUCTURAL FEATURES OF

THE GUM EXUDATE FROM ANACARDIUM OCCIDENTALE
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- SECTION IV.A.

ANALYTICAL COMPARISON OF TWO SAMPLES OF
GUM FROM ANACARDIUM OCCIDENTALE

IV.A.1. INTRODUCTION

Anacardium occidentale Linn,, more commonly known as the

cashewnut tree, is a member of thg family Anacardiacese. As well ’

as its use as an adhesive, the gum from Anacardium occidentale also

~ has insecticidal properties. Although little work has been carried

out on the Anacardiaceae, Biswas and Bose1’2 have examined the gum

from Anacardium occidentale in certain detail. They have reported

that the gum is composed of g - galactose, g - arabinose, &,‘
rhamnose and g‘— galacturonic a.cid° One aldobiuronic acid, reputed

to be 6 = 0 = (B = D - galactopyranosylurosic acid) - D - galactose

" was found.

This section reporfs the aﬁalyﬁical data for two samples of
Anacgrdium occidentale gum from widely differing geographical
locations and will dispute certain of the findings of the above
| ’aﬁthbrsol This study alsc makes the first ever report of the
presence'ofjg ; glucbse as one of the constituent sugars in a plant

gum éxudateo

.iV.A.éo ORIGIN Of'SPEBIMENS

' Sample 1 was collected by Mr. T.P. Baskaradoés, Forest Utilisa-
tion Officer, Forest Department, Tamilnadu, Madras 6, India on

13 October 1969%.
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Sample 2 was collected by Mr.S.J. Colwell of Forest Products
Research Centre, Boroko, Papua after wounding the bark and'sapwood
at Laloki Agricultural Quarantine Statiom, Port Moresby on L June

1971,

IV.A.3. PURIFICATION OF SAMPLES

Both_eamples dissolved in cold water. After 2 days the
solutions were filtered,-dialysed for 2 days, refiltered and
freeze-dried. Reasonably high yields of freeze-dried polysaccharide

were obtained in both cases (approx 80%).

IV.A.4, RESULTS

Each sample (50 mg) was hydrolysed with N - sulphuric acid for
7.5 hours on a boiliﬁg water bath;. The sglutions were neutfalised,
deionised and concentrated. Paper chromatography in solvents (b)

and (¢) indicated that Anacerdium occidentale gum was very complex

and not as atraightforward as the genus Acacia., Four main sugar
- components were detectable, corresponding to galactose, arabinose,

rhamnose and one which appsrently corresponded to D - glucose.

Small amounts of mannose were Qbserved_inAboth samples on chromato-
grams run ig-solvent (c) and sample 1 was also found to contain
trace amounts of xylose. Another chrbmatoéramAwaB rgn‘in

‘solvent (c); instead of.development.with-aniline oxalate spray, it
- was sprayéd With glucose oxidase reagents,‘this test being specific
-Afor.glucosea A purple/green spot was obtained for both the
Anacardium samples as well as for a. glucose standard. Secondary

development of this'chromatogram with aniline oxalate indicated
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. that the glucose spot was in fact the component originally:thought

to be glucose. Typical R

gal values for_the neutral sugars found are

shown in Table IV,A.

TABLE IV, A.

Rgal VALUES OF NEUTRAL SUGARS IN
ANACARDIUM OCCIDENTALE GUM

Sugar R al in solvent (b) Rgalﬂin solvent-(c)' | Colour

galactose 1.00 | 1,00 brown
glucese  1.21 ' 1.15 brown

mannose 1.42) not 1.2?7 . light brown
' . ) distinguish=

arabinose 1.42) able ‘ 1.46) one merging pink

' : . ) pink spot

xylose © 1473 el : pink

' rhamnoée 2.25 o . 2.07 yellow

Chromatograms run in solvent (c) and solvent (d) also indicated

the presence of one main aldobiuronic acid (Rgal 0.28 solvent (e,

0.61 solvent (d)). This is characterised in Section IV.B. ' There

were also slight traces of another component (Rgal 0,62 solvent (¢),

0.83 solvent (d)).

a Each sample (50 mg) was hydrolysed with 2N - sulphuric acid
for 7.5 hours on a boiling water bath. After neutralisation,
déioniéation and concentration, paper chromatography of the

hydrolysates in solvent (f) indicated the neutral sugars found
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previously together with a brown spot, (Rgal 0.75) consistent with

D - glucuronic acid. D - galacturonic acid_(Rgal 0.64) appears as a
reddishubroun spot. The presence of D - glucuronic acid and not
galacturonic acid was carefully checked by running the 2N =

hydrolysate in solvent (f) against standard D - glucuronic acid and
2, -~ galacturonic acid; the distinction was complete and uxiambigubus,

both in terms of the Rgal value and spof colour,

' The analytical data for the two samples are shown in Table IV,B.
‘The analytical methods used were as described in Section II with the
exception that the suger ratios wé:e determinéd by running each
hydrolycate in two solvents (b) and (¢) rather than jusf in one.

" Solvent (S) allowed the calculation of the ratio gaiactose:glucqse:
(arabinose + ménnose):xylose:rhamnose. Solvent (c) gave the ratio

- (galactose + glucosa):mannose:(arabinose + zylose):rhamnose. So by
combiﬁation of both these ratios, fhe relative sugar ratio.for‘each
gun vas calculzted. Neutral sugars were also calculated on the

. assumption that uronic acid residues are attached to galactoseo. The
--percentage of 4 = 0 - methyl = glucurénic acid in each sampléiwasv
qalculafed cn the assumption that all.the methoxyl groups are located
ron the 4 - 0 - methyl - g - glucuronic acid residues. |

Molecular weights were calculated using the average value for
3 _

dn/dc found” for a series of Acacia species.
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TABLE IV,B.

ANALYTICAL DATE FOR TWO SAMPLES OF THE GUM
FROM ANACARDIUM OCCIDENTALE

Sample 1 Sample 2

Moisture, (%) ' : 9.5 79

n,2 (%) - | 1.3 101
Nitrogen,® (%) : . 045 0,16
Hence protein (%) (N x 6. 25)8' ' 2.8 1.0
Methoxyl, (%)° S A 0.31 0.21-°
EoL]D in water (degrees),b . | +2b,2 +23.6
[ot], in 7M-urea. (degrees)® | , . 426.5 n.d.

R -1\8 '
Intrinsic viscosity ["'1,] (ml g ) _ - 6.3 9.4
. Molecular weight, (M¥ x 101*) T 26 .18
Equivalent weight,? o 28w 2035
Hence uronic anhydride, (%) ’bc ‘ K 6.2 5.7
% Sugar composition after hydrolysis
L . 'Q-Methylglucuronic acid,d' : 1.9 1.2
. glucuronic acid, B ' k.3 4.5
galactose, A . 61 63
arabinose, . | P 14 15
rhamnose, ' 7 7
~ xylose, 2 -
mannosey 2 1.
 glucose,. . .8 9

a Corrected for moisture content.
b Corrected for moisture and protein éontent.
¢ If all acidity arises from uronic acids.

d If all methoxyl groups located in this acid.
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IV.A.5, EXTRACTION AND IDENTIFICATION OF GLUCOSE

Purified gum (4.4-6' g, dry weight) was hy&rolysed with N -
z_;ulphux;ic acid (250 ml) for 8 hours on a boiling water bath. After
cooling, the solution was neutralised with barium carbonate,
filtered; deionised with Amberlite IR - 120(H) resin,; concentrated
to a syrup (1-2 ml) and chromatographed on Whatman 3MM papers for
24 hours in solvent (b). Side strips were cut and developed using
a glucose oxidase spray, and the glucose was eluted from the
éhrqmatogrémé. After concentration to a syrup (1 ml), the glucose
solution was agéin chromatographed in solvent (b) for 36 hours on
Whatman BfAM papers. Side strips were again cﬁt and developed by |
the glucoée‘oxidasetspray. As before, the gluccse was eluted,
concentrafed to a syrup (005-1°O ml) and chromatogrephy was carried
out in solvent (c¢) for 36 hours. The glucose was eluted as before, -
ﬁhe solution concentrated to a very thick syrup and ethanol (3ml)
added. An off-white precipitafe formed at this stage. The ethanol
solution was refluxed at 60°C for 30 minutes and cooled. The
-prodﬁct was filtered and dried at 60°C giving a pale brown amorphous
solid (0.061 g, yield 1;3%)0 _ |
| Some of thevsolid.was’dissolved iﬁ a drop of water énd
| chromatographed in solvenf (¢) for 2k hours. On development with
aniline 0xalafe, one large spot (Rgal 1,09) was observed, which gave
a positive reaction with glﬁcose_oxidase. _However, as glucose runs
only slightly in front of galactose, it is difficult to separate
" these two sugars-complétely by.paper chromatography and the

' possibility of D - galactose impurity in the glucose was expected.



A melting point Qas carried out on a hot stage microscope.

| The sample started to melt at 146°C, and althoughvextensive melting -
occurred in the range 146;54800, melting continued up to 166°C.
The melting points of pure anhydrous D D - glucose and D - galactose
are 146°C and 166°C respectively: this would seem to imply that
both glucose and galactose are_present.

Some of.the sample was dissolved in water (C = 0.66), a trace

. of dilute ammohia added and‘ths'specific rotation determined. - The
~ value found was +73.2%, The t;&]b for pure anhydrouslg - glucose
was confirmed . to be +52.8° and forvg wlgalactose, +81.7°. Since no
other sugar coﬁponents are present, this givee further eyidence thaf '
the extracted p;oduct:ia in fact a mixture of D - glucose and D -
'éalactose.‘ ‘ study of SpQlelc rotation agalnst the proportlons of
two cqmponents having distinctly différent rotations in a mixture
has shown there’to be a linear relationsth (see appendix). So

‘from the rotatlon of the product and the rotations of D - galactose

and - D = glucose, it was calculated that the product contained

. about 30% glucose.
Xeray diffractograms of 2 - glucose, g - galéctose, a 30:70

mixture of glucoée and gaiactose and the extracted product from

Anacardium occidentale gum'were run using a Philips P¥ 1050
diffractometer (34 kV, 20 mA). This gave final confirmation of the

presence of D = glucose in the extract. in admixture with galaCtose. 



ko -

IV.A.6. DISCUSSION

The two samples are remarkably similar analytically. The only
differehce involves the small amount of xylose found in sample I but
not in sample II,

Anacardium occidentale gum is an énidic polysaccharide composed '

mainly of galactose but also containing arabinose, rhamnose aﬁd
'significﬁﬁt amounts (approximately 8%) of glucose. Trace amounts of

~ mannose énd xylose may be present, the latter having been reported in
-previous workh. The intrinsic visCosiﬁy is low (6=9 ml/g) as are the
protein, methogyl'and ash contents. The molecular weight is also not
very high,‘being around 200,000, The uronic acid céntent, vhich is
about 6%, arises mainly ffomlg - glucuronic acid, but the fact that
the gum has a-methoxyl content indicates that small amounts of 4 ~ 0 -
methyl - g - glucuronic acid may be present which ﬁould account for
thé trace amounts of the biuronic acid (R8al 0.62 solvent (c);

0.83 solvent (d)), which, from its R values would be expectedrto‘

gal , 7
be of the 4 ~ O - methyl - D - glucuronic acid - D - galactose type.
Bose and Biswas''® report only galactose, arabinose and

rhamnose as the neutral sugars present with a galactose: arabinose

ratio of 17:1. Bose and Soni5’6 also state that the results found

for the gum from Anacardium occidentale are idehtical»with tlose
obtained.for the poiysaécharidé from cgshewnﬁt shell, It-seems
possible that their*exceptibnally high-galactose/érabinose ratio
may be due to their failure to identify the two compon‘en"cs having
' values,vnamely galactose and glucose, They.would seem

simila; Rf

to have just recognised one lérge spot which'they have assigned as



galactose. In the present study, the galaétosev+ glucose: arabinose
ratios would fit in better with the previous valuss quoted by.Bose
and Biswas although their arabinose content would seem to be rather
lows furtﬁer evidence for this is found im Section IVB where
st¥nctural features of the gum are examined. .

D ~ glucuronic acid was identified conclusively both by
chromatography of a 2N-hydrolysate of the gum against uronic acid
standards and by 2N-hydrolysis of the main aldobiuronic acid
found (see'Sectiqn IVB). This is in disagreement with the findings‘
of Bose and Biswas Qho stated that D -}g&lacturonic acid was the
onlyvuronic acid present although they also stated that immunOé.
chemical studies of the gum with Pneumococcus antissra2 suggest
that the gum contains end-group glucuronic acid or its 4 - 0 -
methyl derivative. Moreover, Bose and Biswas stated that the gum
did not have a metﬁoxyl'content ner contain nitrogen, but this
study confirms that both nitrégen énd.mefhoxyl are.presént in small
amounts. . .

The most important feature of Anacardium occidentale gum is

' the presence of glucose. There have been no reports of the presence
 0£ glucose in any gum studied previously. Exfraction of pure
‘glucose from a glucose/galactcue mixture by chromatography is very
difficult; attempts;to extract pure glucose proved unsuccessful as
-the prbduct extracted from a hydrolysate of the gum was found té‘
contain galactose also. Both melting point and specific rofation
studies indicated the présence of glucose which was confirmed by an

X~ray diffraction study along with glucose oxidage and chromato-
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’~graph1c ev1dence. Further. conflrmatzon of the presence of glucose
in the gum was obtained durlng a structural study of the gums;
methylation of the purified polysaccharide gave 2,3,4.6 - tetra -
O - methyl - D - glucoée (ség Section IVB). o

To ascertgin'that the glpcose was yresent in the ofigigal éum .
and was not‘a degrédation product, a mixtur@‘containing the same.
broportiohs of galactose,;arabinose, ?hamnose,and glucurﬁnic acid as
found in the gum>wﬁs preparéd, hydrolyéed gnd.chromatographed unde:
the same couditions as used for the gum. Treatment with the.
glucose oxidase'spray’proved negétive, indicating»that,glucbse is
not & breakdown product of glucuronlc acid under such condltions.A

Hence it is concluded that Anacardium occidentale gam contains

glucose &8 one of its constituent sugars.
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SECTION IV.B.

A STRUCTURAL STUDY OF THE GUM FROM
- ANACARDIUM OCCIDENTALE.

IV.B 1. | INTRODUCTION
As stated earlier, very lzttle work has been done on the gum

from Anacardlum occidentale, (Cashevnut tree). Much of the data

published by Bose and B1swa52 has been contradlcted in thls present
study Jg_the presence of D - galacturonic acid has not been confirmed,
'and'this disproves their findings that’ the only gldobiuronic acid
present was 6 = O - (B =~ D - galactopyranosyluronic acid) - D--
galactose. Th; structural features of the gumfha&e not been examined,
althoﬁgh Bose and Sdnis'6 carried 6ut h&drolysis studies on Cashéw—
nut shell polysaccharide and found that the sugafé and suéar ratios
found‘weré almost identical. The galactose;arabinose:rhamﬁose ratio
. for ﬁhevshell polysaccharide;was stated to be 17:2:1, compafed with
| a ratio of galactose:arabinose.of 17:1 for the gum.

Bose and Soni® characterised tﬁé éne disaccharide found on
mlld hydrolysis of Cashewnut polysaccharide as 3«0 = l3 - D -
galactopyr&uosyl - g.? galactose., They also found galactose 136
éélactose linkages préseﬁts.

- This section repofts the structural features of the gum from

_  'Ana¢ardium cccidentale; sample I, and inéludesra éomplete Smith
Degradapion_étudy. The gum haé been found to éontéin large.amounts
of galactose, much smaller amounts of arabinoée,.rhamnése, and
glucose, and trace amounts (< 2%) of mannoée. Xylose was also

detected in one sample. 2N - acid hydrolysis has indicated that
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giucuronic acid is present, not galacturonic acid as stated by -
previous workers, and the fact that the gum was found to have a
methoxyl content indicates that 4 - 0 - methyl - D- glucuronic -

acid may be present.

IV.B.2, RESULTS_'

PURIFICATION OF GUM

Crude gum (140 g) was dissolved in dlstilleu water (2 1) for |
2 days gzving a brown coloured solution which was filtered through
~ Whatman No. 41 filter papers and then through No. 1 filter papers
Ato remove bark and other 1nsoluble debris. The solution wasb
dialysed for 2 days, refiltered and ffeeze dried (76 g, yield Si¥).

TESTS FOR_HOMOGENEITY -

Electrophoresis of the purified gum on cellulose acetate strips
in 0.1M - ammonium carbonate buffer (pH 8.9) and 0.1M ~ acetate
buffer (pH %4.7) and alsc on phoroslides in 0.1M - ammonium carbonate
' buffer (pH 8;9) and 0.05M = borate buffer (pH 9.2) showed one broad
i diétinct band. Ion eichange chrohatography.on a DEAE - cellulose
column using a sodium chloride gradient (o.,o-o.s_M‘) in 0,02M =
‘acetate buffer gave a single symmetric‘peak aﬁd ultracenfrifugation
also showed a.single peak. Molecular sieve caromatography on a
'Bio-gel A-5 column showed a very smali peak at the void volﬁma,and

| a large peak at a greater elution volume. A study of the molecular

sieve pattern of Anacardium occidentale with the time of standiag
after purificétion has been carried out? and has shown the peak
at‘thé void volume tb incréase in SiZe with increased standing time.
This has prompéed.the postulation that the péakvat the void volume

Vindicates aggregatien of sualler moleculesa’g.
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All these tests indicate that the gum behaves As a homo=
geneous polymer system.

IDENTIFICATION OF NEUTRAL SUGARS

Purified gum (3 g) was hydrolysed with N-sulphuric acid
(150 ml) for 7.5 hours on a boiling water bath. On cooling,the
solution was neutralised with barium carbonate, filtered, deionised
with Amberlite IR - 120(H) resin and concentrated to a syrup. The
syrup was applied to a column (41 x 2.6 cm) of Duolite A=k resin
" in the formate form. Elution with distilled water (750 ml) yielded

the neutral sugars of Anacardium occidentale. After‘concentratibn

‘to a syrup, the neutral fraction was chromatographed in sdlvents
(v) and (¢). Large amounts of galactose were found along with some
arabznose, glucase and rhamnose; trace amounts of mavnose and

xylose were &lco detected. (see Table IV,A. for Rgal values) .

:DENTIFICATION OF ACIDIC COMPONENTS

Following slution of the neutral sugars from the column witﬁ
| distilled water, elution with 5% formic acid (400 ml) gave the

- acidic fracfioh. The acidic solution was concegtrafed’to a syrup
(formic acid beihg removgd by repeated addition of uaiér followed
by reconcentration to a syrup),_and chromatographed in solvents
A(c) and (a). Galactose was observed along with a large amount of

an acidic component having.Rgal 0,28 in solvent (¢) and 0,61 in
solvent (d) and trace amounts of another component having Rgal

0.62 in solvent (¢) and 0.83 in solvent (d),
Thg trace component was not present in sufficient quantity

for its identity to be determined, although it appears to have
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contained 4 - 0 = methyl - 2 - glucuronic acid and galactose.
The acidic fraction was chromatographed in solvent (c_) on a

Whatman 3MM paper and the main component (R8 al 0.28) was eluted
and concentrated. The value of E"L]D was +20° (C, 0.90), which

suggested the prese"nce' of a ‘3 = D - linkage. Chromatography of the
eluted biuronic ecid in solvent (c¢) indicated some galactose

impurity which would account for the higher than expected Eob:lD
#alue, since normally a P - D - linkage has an E.;L:]D value of about

zero. The syrup (8 mg) was hydrolysed with 2N - sulphuric acid for
8 hours on a boiling water bath and paper chromatography of the
hydrolysate in solvents (b), (c) and (g) iﬁdicated the presex.z»ce'of’
’galé.ctose’and glucﬁronic acid only. The aldobiuronic acid (6 mg)
.wa.s methylated by the Kuhn method. bMeth.a.nolysis followed by gel.cCo
exa#}in;.tion of the‘ methyl glycgsides on column (1) indicated the
présence of 2,3,4 - tri = 0 ~ methyl = D - glucuronic acid

(T 259, 2.99), 2,3,5 = tri = Q = methyl = D - galactose (T 4,12,

- 4,74) and 2,3,4 = tri - O - methyl = D - galactose (T 6.28)., Also

. present was 2,3,4,6 - tetra - Q - methyl - D - galactose from
methylation of the galactose impurity. The methanolysate wa$
:educed with so&iﬁm borohydride and the methyl glycosides removed
by 1N - acid hydfolysis. Chromatography in solfent (c) revealed |
2,34 = tri - O - methyl - D - galactose (RG 0.72, red spot),

2,3,5 - tri = 0 - mefhyl -D- gélactése (RG 0.83, brown/blacic spot)
and 2,3,{4" -« tri = 0 = methyl = D = glucose (RG 0.88,red spot). This

identifies the aldobiuronic acid as 6 = 0 = (B - D - glucopyranosy-



luronic acid) - D - galactose.

PARTIAL ACID HYDROLYSIS OF THE GUM

|  Bydrolysis of the polysaccharide (100 mg) with O.SN - sulphuric
acid (10 ml) for 1 hour on a boiling water bath, followed by
neﬁtralisation, deionisation, concentration to a syrup and
chromatography in solvent (b) showed the presence of the disacc-
harides 3 - Q -B- D - galactopyranosyl - D - galactose (Rgal 0.48)
(ﬁajor component) and 6 - Q -p -.g - 'ga.lactopyransyl - g - galactose
(R gl O.élb) (minor component) together with othe: higher oligosacc~
harides.

METHYLATION OF ANACARDIUM OCCIDENTALE GUM .

-The gum (287 mg) was methylated to give a product (178 mg);
[T, - 20.3° (€, 0.97 in chloroforn}, OMe 42.6%. Mothanalysis
of a pori::i;on of fhe methylat_ed product followed by go.l.c. examination
of the methyl glycosides gave the results shown in Table IV,C. .
Hydrolysis Acf. the methyl glycosides, foliowed by paper chromatography
in solvents (e) and (£) indicated the presence of 2 - O - methyl - D-
' galactose (R, 6031; solvent (e), 0,05, solvent (£)) in addition to
the O - methyl sugars found by g.l.c. examination. The relative
amounts of the O - methyl sugars could not be estimé.ted 'completely
because of in:complete' resolution of several §i‘ the components.
‘ Hoi«:ever, the _valﬁes quoted are only approximate and serve to give an
indication of the proportions of the components present. It is not
possible to qu‘bte a value for the amount of '2,3,6 = tri -« O -~ methyl -

D ~ galactose, but it is shown to be present) in smell but signifi=-
cant amounts, by paper chromatography of the I_xydrolysed methyl

glycosides.



TABLE IV,C,

METHYL GLYCOSIDES FROM METHYLATED ANACARDIUM OCCIDENTALE GUM

acid®**®

Relative retention time (T)* Rg after
of methyl glycosides | hydrolySié , Relative
| solvents O-methyl sugar identified amounts
Column (1) Column (2) (e)  (£)
" (0.45) (0.46) : 1,02 1.03 2 3,4-tri»0-methyl-L-rhamnose (9)
(0.45) ,(0.54) (0,46) ,(0.56) 1.02 1,03 2 3,4—tr1-0«methyl-D-xylose
(0:,99),(1.38) (1.00),(1,.42) 0.99 0.98 2,34, 6-tetra-o-methyl-n-glucose_ (10)
(1.38) (1.42) 0.87 0.83 2,3,4, 6-tetra~0—methy1-D—mannose
(0.54),0.67 (0.56) ,0.71 0.94 1.03 2,3, S-tri-O-methyl-Luarabinoee (9)
(0.97) (1.02) 0.8¢ 0,74 2. 3,4~tri-o-methyl-L-arabinose 4)
1014,(2.59) 1418, (2.45) 0.80 0,74 3,5=d1-0-methyl-Loarablnose ' (3)
1.91 2.13 0,80 0.74% ;,4-d1—0omethyl-L-arablnose (2)
1,59 1.68 0,87  0.77 2,3,4,6- tetra-O-methyl-D-galactose (25)
(2:90),(3.60),(3.90)  (2.98),(3.85),(4.18) 0.75 0.64 ,396-tr1~0~methyl-D—galactoss
(2.60),{3,90) (3.85),(4,18) 0.75 0.43 2,4 6-tr1-0-methyl-D~galactose (20)
645 6.42 0,75 0,37 2 3,4—tr1-0—methyl-D-galactose (3)
9.3 9.48 0.55 0.20 2 b«dinO-methyl-Dhgalactose trace
15.5,16.4 15036,16.95 0.9 0,13 2 4—d1-0-methyl—D—galactose (10)
(2.59),(2.90) (2.45),(2.98) - - 2 3,&-trl-O»methyl-D-glucuronic (?)

® figures in parenthesis indicate T values of components which ars not completely resolved

“* as methyl ester glycoside

-a ),



The main components are 2,3,4,6 -.tetra,'2,4,6 - tri and
2,# - di = 0 - methyl =- g - galactose,-aiong with end-group rhamnose,
arabinose, glucose and glucuronic acid.

PREPARATION OF DHGRADED GUM A

Purified gum (6.45 g, dry weight) was hydrolysed with 0,01N -
sulphuric acid (350 ml) on a boiling water bath for 96.hours. After
cooling, fhe.sglution was neutralised with barium carbonate, rfiltered,
déionised with Amberlite IR - 120(H) resin, concentrated and dialysed
against distilled w_ater (1 1) for 24 hours. After further dialysis -
against running tap-water for 48 hours, degraded gum A was recovered
a5 a pale brown freeze-dried product (3.22 g, yield 50%). V ‘
| - The distilied water dialygatevof degraded gum A was'céncentrated
to a syrup and portiéns_were chromatographed in solvents (b) and (c).
Galactosg, arabinose, mannose, rhamnose and traée amounté of xylose

"were detected. A,chromafogram developed gith glucose oxidase spray
ga#e a.negétivé result irdicating that glucose waé~not'present in the
dialysate; .Also present wére small amounts 6f the neutral disacc-

- haride 6 - Q =P~ D - glucopyranosyl - D - galactose (Rgal 0031
solvent (b), 0.28 solvent (¢), brown spot with aniline oxalate) and
trace amounts of the ngutfal disaccharide 3-0 f-B - D = galacto-

‘pyrénosyl - D - galactose (Rg;l 0.50 solvent (b), 0.46 solvent (c),
brown'spot)o No afabinose diSaccharidea, in&icated by pink spots

with aniline oxalate, were detected.

EXAMINATION OF DEGRADED GUM A
Degraded gum A (30 mg) was hydrolysed with 1N = sulphuric acid.?

for 7.5 hours. After neutralisation, deionisation and concentration,
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chromatography in solvents (b) and (c) | followed by developmepé with
both aniline oxalate and glucose -oxidase spray reagents, indicated
the presence of only two neutral sugar componénts, n@meiy— gala'ctose and
glucose, with galactose the major corz;poz;xent. 2N - Sulphuric_ acid
hydrolysis followed by chromatography in solvent (g) indicated that
Aglucurohic acid was also present. '

Degraded gum A had Eob]D +29,1°%; a methoxyl content of 0.37%
‘indicated the presence of 2. 2% of 4 - 0 = methyl - D - glucuronic
| acide The equivalent weight of 2029 indicated that 8.7% uronic acid
was present. The molecular weight, ﬁn by end~group-analyéis was
found and confirmed to be 16‘00, which would seemv to be very iow.

- Partial acid hydrolysis of degraded gum A with O.5 N - sulphuric
“acid for ki hour at 100 °C revealed the presence of 3 = 0 - B- D - |
galactbpyranosyl - D - galactose (Rgal 0.46 solvqnt (b)) as the only
disaccharide° | | o

Degraded gum A (198 mg) was methylateic to give a product
(120 mg) (Found: E}Lj% - 2203 (¢ 0.6, chloroform); OMe 40.2%). A
- portion of this was methanolyéed ahd'examipea by glc. The methyl
'glyéosides foﬁnd are shown in Table IV,D. Bydrolysis of the mixture
of methyl glycosides followed by paper chromatographlc examlnation
in solvents (e) and (£} also 1nd1cated the presence of substantial

amounts of 2 - 0 - methyl - D - galactose in addztlon to the O =

methyl sugars identified as their methyl glycosides by geloCo



- TABLE IV,D.

METHYL GLYCOSIDES FROM METHYLATED DEGRADED GUM A

Relative retention time (T)

Relative

2.32,(2.89)

| IOfmethy.l glyoosides Ry in , O-methyl sugar identified
' . solvent (f) 2mounts B : .
~ Columa (1) Column 2 - :
0059,0.73 0.58,0.75 1,01 trace 2,3,5-tri-O-methyl-L-arabinose
£ 1400,1.39 1400, 1.40 0.98 5 2,3,4,6-tetra-O-methyl-D-glucose
_ 1.62 | I 1072' | 0.80 35 o 2,3.4,6—tetrapgrmethyljg—galactose
_ (2.89).(3057),(3.89) 3,03,3.88,4.35 0.56 1 2,3,s-tri-g-methyl-g-galactqse
(3.57),(3.89) | 3.88,4.35 0.47 2 2,4.,.6-tri.-9_-methgl-_-g-galac tose’
6,42 | 6.64 Ol 6 2,3.l+-tr1-ngethy1-g-galactose
9ol . 9,48 025 1 2,6-di-O-methyl-D-galactose
14.8,16.0 15.36,16095. 0.16 20 ' 2,h-diegrmefhylﬁg-galactose
| 2.42,3.03 - 8 »

2,3,h¥trifg¢methy112-glucuronicAécid

oNng



PREPARATION OF DEGRADED GUM B

Degraded gum A (1.7 g) was dissolved in water (50 ol) and

0.5 N - sodium metaperiodate (50 ml) added. After 72 hovursl in
darkness atdrooo tomperature, 13,2 m moles periodate/g polysaccharide
had been reduoed and 6.1 m'moles-formic‘acid/k poljsaccharide
released. 'The reaction was stopped by the addition of ethylene

- glycol (4 ml) and the solutlon dialysed against running tap water
| for 2 days. ‘Sodium borohydvlde (1.0 g) was added, and after 30 hours
. at room temperature, the solution was dialysed for a further 2 dayso
The solution oas then made 1N with respect to sulphuricvaoid and the
polyalcohol hydrolysed for 48 hours at room temperature, then
:dialysed for 2 days. Degraded gum B was isolated as the freeze-
" dried oroduct (O 6 g, yield 31%).

EXAMINATION OF DEGRADED GUM B

Degraded gum B was hydrolysed with 1N - and 2N = sulphur:.c
acid. Chromatography 1nd1catedvthat galactose was_the only sugar
.présentc Partlal acld hydrolysms with 0.5 N = sulphuric acid,
followed by chromatography in solvent (b) 1nd1cated that 3-0-P
-D -,gaxactopyranosyl -D- galactose (R gal 0 46) was also present
‘together with higher ollgosaccharldeso |

Degraded gum R had [}l;]o +38 3° ang the molecular weight,

M was found (by end-group analysis) to be 2, OOO.

. Degraded gum B (182 mg) was methylated te g1ve a product
(139 mg), - (Found: [, - 3.7° (C 0.5, chloroform); OMe 40.7%).

A portion of this was methanolysed and ezaminod by gelosCo Thé_methyl_

glycosides found are shown in Table IV E. Hydrolysis of the mixture .



TABLE IV,E.

'METHYL GLYCOSIDES FROM METHYLATED DEGRADED GUM B

Relative retention time (T)

of methyl glycosides . : . ' :

_' ' | Rgin  Relative O-methyl sugar identified
. solvent (f) &mounts :
~ Column (1) Column (2) : '
1.62 ' ) 1°69 0,80 S i} 2;3,4,6~tetra~0-methyl-D-galactose

2.89,(3.60),(3.96) 2.90,(3.69),(%14) 0,55 ok | 2,3,6-tri-0-methyl-D-galactose
(3.60) ,(3.96) (3.69), (ko) 0,47 I a,k,6-tri-g-methy1-g-ga1actose

9.36 ‘ A 8.79 . R 0,20 -7 | 2,é-di-grmethylﬁg-galactose

14.3;1_5.2 | 14.6,15.8 0412 6 2,4~di-0~methyl-D-galactose

O~
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of methyl glycosides followed by paper chromatography in solvents

(e) and (f) indicated the presence of 2 - O - methyl - D ~ galactose

in addition to the methyl glycosides found from g.l.c. examination.

PREPARATION OF POLYSACCHARIDE I

Preliminary small-~scale experiments indicated that 0.25 M -
sodium metaperiodate solution and an éxidatioh time of 72 hours were
required for Anacardium occidentale gum.

 Purifiod gun (40.7 g) was dissolved in water (1125 ul) and
0.50 M = sodium metaperiodate (1125 ml) was added. ' The solution was
kepf in darkness at room temperature and the oxidation followed by
measuring the release of formic acid»with time; aliquots (1 ml) of
the solution were titrated with 0,1081 N = sodium hydroxide, using
‘methyl red as indicator (Figure IV,1); After 72 hours, 9.79 m moles
periodate/g polysaccharide had been reduced and 3.89 m moles formic
acid/g polysaccharide released. The reaction'ﬁas stopped by the
addition of ethylene glycosl (23.9 ml) and the solution dialysed
- for 2 days. Sodium borohydride (13.3g) vas added and the mixture
kept at foom temperature for 30 hours, then dialysed for a further
2 days. By this time the brown colour had almost completely dis-
appeared, leéving a pale solu£ion vhich was méde 1 N with respect
to sulphuric acid bj the addition of Q N acid; and the polyalznhol
‘was hydrolysed at room temperature for 48.hoprs., Following dialysis
for a further 2 days, polysaccharide I wss isolated as a freeze-

dried product (11.6 g, yield 28.5%).
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EXAMINATION OF POLYSACCHARIDE I

Polysaccharide I (50 mg) was hydrolysed with 1 N - sulphuric
acid for 7.5 hours on a 5oiling water bath. After-;;utralisation,
filtration, deionisation and concentration, chromatography in
solvents (b) and (¢) indicated the presence of galactose and arabi-
nose only, with galacto;é the major component. Treatment of one
chromatogram with glucose oxidase spray proved negative, indicating
.that glucose was absehf as ball as rhamnose and the small'&moﬁnts of
mannose and xylose originally present in the gum. The actual sugar
rétios are shown in Table IV.F. ’

Hydrolysis of Polysaccharide I with 2 N - suiphuric acid for
7.5 hours indicated that a very small amount of glucuronic acid was
present in addition to the galactos? and arabinose present. Partial
acid hydrolysis (0.5 M - sulphuric acid, 1 hour at 100°C) also
in&icated the presence of much 3 - 0 -B- D = galactopyranosyl = D -
ga;actoseo ,

The_vélue of’[}l{]n was +41,6; the equivalent weight of 10,000
. was indicative of a uronic acid content of 1.8% which is as expected,
very loﬁ, and the molecuiar weight,ﬁ; was found by light scattering
measurements to be 38,800,

Polysaccharlde I (270 mg) was methylated to give a prodLut
(153 mg), (Found: Eg:]D - 1. 80 (C 0.75, chloroform); OMe 4O 8%)e
A portion of this was methanolised and examined by golece The methyl
glycosides found are shown in Table IV,G. Hydrolysis of the mixture
of methyl glycosides fcllowed by paper chromatography.in solvents

(e) and (£) indicated smsll amounts of 2 - O - methyl - D - galactose



SUGAR RATIOS FOR ANACARDIUM OCCIDENTALE AND ITS DEGRADATION PRODUCTS

TABLE IV,F,

Constituent sugars

Polysaccharide '
gal. ara., rha. glu. mann. xyl. glu. acid 4-0~Ne glu. acid

Anacerdium occidentale gum 61 T ? 8 2 2 4,3 1.9
Degraded gum A 8k trace - 7 - - 6.5 .'2.2
Dograded gum B 100 - - - - - - -
Polysaccharide I 6 22 - - - - 148 n.d.
Polysaccharide II _ %0 10 - - - - - -
Polysaccharide 11X 97 3. - - - - - -
Polysaccharide Iv. 100 trace - - - - - -

v - . - - - - - -

" Polysaccharide

100

- 900
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in addition to the methyl glycosides found from ge.l.ce examinétion.

PREPARATION BY SEQUENTIAL SMITH - DEGRADATION OF
POLYSACCHARIDES II-V

1»\ﬁ The following weights of polysacchéfidee, in a eequence of
Smith - degradations, were oxidised with pefiodate (0.125 M),
reduced with borohydride, hydrolysedvuith sulphuric acid, and the
corresponding products recovered, all as already described for
Polysaccharide I. Polysaccharide I (9.2 g) gave Polysaccharide II
(7.8 g); Polysaccharide II (4.6 g) gave Polysaccharide III (2.8 g);
Polysaccharide III (2.2 g) gave Polysaccharide IV (1003 g); and
.Polysaccharide IV (494 mg) gave Polysaccharide V (48 mg). AAll
weights are correctéd for moisture. The analytical data for.each'
'product (incl volng the molecular weight, ﬁ values found by end=--
group analysis experlments), is shown in Tables IV.F and IV.H and
the fofmic acid released with time for Polysaccharides I, II, III,
Iv and Dagraded Gum A is shown in Figure VI;1. |

Partial acid. hydrolys;s (0.5 N = sulphuric acid for 1 hour
at 100 °c) of Polysaccharides 11, III and IV indicated the presence
-‘in each of 1arge amounts of 3 = QrF31£ -.galactopyranosyl - 2 - |
galactose. ' V |

.‘All of the Smith-degradation products were methylated in thg
‘normal way. The yieids, [;4;19 values and methoxyl contents of the
- methylated poiysacchari&es aie shown in Table‘IV,I. Portions 03‘
each pfoduct vere methanolysed and examined by g;loc._ The methyl .
glycosides found tégether with their relative amounts are shown
in Table IV.G. Hydrolysis of the methyl glycosides followed by

chromatography in solvents (e) and (f) indicated the presence of
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TABLE IVG.

RELATIVE PROPORTIONS OF QO - METHYL SUGAR_S
PRESENT IN POLYSACCHARIDES I-V

: POLYSACCHARIDE
0 - methyl sugar ~ .

I II III IV -V

243, 5-t;i-9_—methy1_-é—ax¥abinose 2 6 a1 o

2,3, 4-tri-O-methyl-L-arabinose , trace = -‘ . =

345-di-0-methyl-L-arabinose 11 5 1 - -

, 3,’+-di-_q-methyl—:1;arabi‘nose ‘ | 2 - - - -

2,3;i&,6«,tetra-gfméfh&i-g-galactose | 17 16 b 1k 12

_ _.2;3,6-tri-9_-methyi-gogalac.t'ose ' | 4 2 ‘24 2 3

é,4§6atri-9fmethyl-‘2-gala§tése | . 52 66 73 99
2; 3,h;triag-methyl—g-galactose SR L  trace - - -

'Z,Guﬁagwmethyl-gugaiacto?se ' o 3 ‘ R 13 13 10 8
2, 4-di£—me thyl-gegalgc tose | 8 5 3 trace trace

2,3, k=tri-O-methyl~D-glucuronic acid 4 - - -




ANALYTICAL .DATA FOR ANACARDIUM O"VCIDEIVTAtE AND

TABLE IVGH.

ITS DEGRADATION PRODUCTS

o m e “ Periofate Formic acid , Molecuiar
Polysaccharide Yleldv, : [}4210. | red;;eﬁougiter rel;;s;guizger | weight**
| | (%) (degrees) (m moles/g) (m moles/g) (x193)
Anacardium occidentale gum | 54' +24 .6 9.79 3.89 260
Degraded gm A b +29.1 13,2 6,74 1.6k
Degraded gum B 31 A¥38.3 n.d. n.d. 2,00
Polysacchafide I 29 +41.6 2.50 2.32 38.8
| Polysaéchéride iI N ‘+39,.9 B 1.46 1.25 3.24
Polysaccharide IIT. 53 +35,2 130 1.58 5.92
" Polysaccharide IV 48 +38.1 2.01 0,98 3,74
Polysaccharide V 8 n.d. h;d. n.d. ned.

* dorrected for moisture.

** Mn by end-group analysis except
and the gum itself

for Polysaccharide I

ned. - not done

069
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2 - 0 - methyl - D - galactose in each product in addition to the

other methyl glycbsides identified ffom gel.Co

o | TABLE IV,I. -
METHYLATTICN DATA FOR SMITH = DEGRADED
~ POLYSACCHARIDES I-V
quysaccharide
I II  III v v

Amount of polysaccharide ' o

used (mg) ' - 270 208 . 253 - 110 %0
Amount of methylated - ‘ ' Not

product (mg) 153 130 152 59 isolated

'[L], of product, (degrees) =1.8 =82 -8.2 8.9 -

OMe of product, % 40,8 428 W16 M -

_ iV.?.}. DISCUSSION
Purified gum from Anacardium“dccidentale was examined by zone

electrophoresié,'thinnlayer electrophoresis; ultragentrifugation and
ion-exchange chromatography; each of these experimehts indicated a
-_.one-componeﬁt ayétemo This is'con5§stent with the resuits fﬁund by -

. Bose and Biswasze Molecular sieve chfamatography on a Bio-gel A5

~ column showed, in addition to the large peak as expected, a small
peak near the yoid véiume; Furth§r experiments by a colieague
indicated that the size of this peak at the void volume was related -

7

to the time of standing after purification ;Vpeak size increased
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‘with increase in time of standing. ‘l'his. is s_imiiar to the results

. foond dnring molecular sieve exporiments with Acacia cmxlacanthag,

and it is thought that the -pegk at: the void volume is due to

A aggregation of smaller molecules. VSo, from -t'hese tests to establish -
- homogeneity, it wo_uld seem probab_lev that Anacardiin sccidentale .
exhibits the s;me type of heteropolymolecularity as certain m
gum811’1?’13 ‘and the gum from Lannea humilis . | |

N - Hy&olysis studies showed the gum to consist of galactose

(61%), orébinose (14%)’, rhammose (7%), glucose (8%), mannose and
xylose (small amounts approximately a% each), glucuronic acid (5%)

and its &k ~ 0 - methyl derix}ative (2%), Partial acid hydrolysis.
_ showed the presence of two datectable disaccharides namely 3 -0 = ﬁ

- D - gale.c?ovyranosyl - D galactose (major component) and 6 ~0 ~
B - u'galactopyranosyl - D - galactose (minor component). No
orabinobioseo were detected.
g ~ Separation of a iarge;scale N - hydrolyséte on a Duolite A4
'ioneexché.nge resin column into oeutral and acidic fractions showed
' the’ presexice oonne major aldobiuronic acid and trace amounts of
another. = The major aldobiuronic o.cid was characterised as 6 - 0 =
(B -D- 'glucopyranosyluronic- acid) - D - galactose by hydrolysis
.and metkwlation'experiments‘. The minor component was not present in .
sufficient quant1ty for 1t to be cha.racterlsed' but from its R 881

values in various solvents and the fact that only one other
acid
aldobluromc is present, it would seem reasonable to assume that it

)N
was the aldobiuronic acid 6 = 0 - (% = 0 - methyl <B-D - gluco-

pyranosyluronic acid) = D - gelactose.
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"~ The gum‘was methylated; and on subsequent methanolysis, g:l.c.
and hydrolysis'examinatiop, ?,3,# -tri -0 - methyl - L - rhamnose,
2,3,4 = tri - O - methyl = D- xylose,'2,3,l+,6 - tetra - O - methyl -
D : glucose, 2,3,5 =~ and 2,3,4 = tri =, 3,4 - and 3,5 - di = 0 =
methyl - &.; arabinose, 2,3,%,6 - tetra =, 2,3,6 = 2,4,6 - and 2,3,4 -
tri -, 2,44 - di and 2 ~ O - methyl - D - galactose and 2,34 - friv-
g_u glucuronic acid were identifiede Rhamnose, xylose, mannése,
glﬁcoae and glucuronic aﬁid are thefefore all present as end=-group
" residues. Also present as end=group residues are considerable amounts
of galactose and aratinose. To accommodate such a large amount of
end-group residues,'the gum would have to be a very highly branched
structure, which is consistent with the low viscosity found (6.3 ml/g).

Mild acid hydrolysis of the guﬁ by 0.01 N - sulphuric acid gave
a 50% yield of degraded gum A, together with considerable amounté oi
galécfose, arabiﬁése, and rhamnose and trace amounts of mannose and
xylose. Also iiberated were 6 -0 -p- D- galactopyranosyl = D =
._gglgcfose and trace amounts of 3 - O -[3- D - galactopyraﬁosyl «Da
gaiactose. No glucose wasAréleased from the gum during mild acid
hydrolysis,.as shown by & negative glucose oxidase reaction.
Degraded_gum A was found to contain galactose (84%), glucose
t (7%) and ‘wronic acid (9%) oniyo Partial acid hydrolysis showed the
presence of ohly one di_sa.ccharide namely 3 - 9_ -B-- B - galacto-
'pyranbsyi -D- gala;tosé. The molecular weight, M was found by
end-group analysis to be 1,640, a value which would seem to be very
low, since the molecular weight (ﬁw) of the vhole gum was found by

1ight scattering-measurements to be 260,000° A molecular weight of -
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~1,640 would imply t#e presence of oniy 9 residues which ié obviously
" incorrect. Hoyevér, end-group agalysis is based on the éssumption,of
one reducing end-group forming one molecule of fofmaldéhyde, so it
would seem possible fﬁat more than one reducing end-group Qas present
thus giving more formaldehyde formation and'hence a mach lower value
- for moleéular weight. Repeating the experiment verified the.aBOVe
:valueo So this would imply fragmentation of the gum during mild
. hydrolysis, many,fragﬁehts being'tob'lérge to be.removed by dialysis.
This seems possible'since.much.degradation had occurred as shbwn by
the large amount of periodate consumed. Hydrolysis of some . |
galactopyranosidic bonds had also occurred as éhowu by the large
amounts of gaiaétose énd some galactobiose units in the diffusate
from the dialysis of Degradea gum A, Higher oligosaccharidé uni.%e
were alsc observed in the dialysis diffusate adding fufther‘evidence
of fragmentatioﬁ-on quite a large scale. fhis is furthermore
'consistent with results found during mild acid hydrolysis of many
of the Acacia gums’s | |

Methylated Degiaded gﬁm A, on methanolysis an& hydfolyéis gave
2,3,4,§ - tetra = 0 = éethyl - D - glucose, 2,3,4;6 - tetra =,2,3,6 -,
2,4,6 - and 2,3,4 - tri, 2,#A= and a small amount of 2,6 = di = and
2=0-= methyl =D~ galactose as well as 2,34 -.tri - g;-:méthyi
- 2{- glucuronic écid. A trace but insignificaht amouﬁf of 2,3,5 =

tri = O -~ methyl ;_g - arabinose was also detected. The presence of
2,6 ~ di - and 2 = O - methyl - D - galactose is ascribed to under-
‘methylation. 2,3;6 = Tri - g - methyl - D - galactose may arise

from undermethylation'of some end-group galactose or it may indicate
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that a small number of galactose residues are linked at the 4.-
position. The glucose and glucuronic acid-residues are present as
end-groups. The fact that glucose is present is indicative of a
strong galactose-glucoée bond, which is unaffected by such mild |
acid treatment. Sincé galactopyranosidic bonds sﬁould not be
broken by mild acid hydrolysis theq galactose~-glucose bonds would

_ ndt be exéected to be broken either. The fact that the relative
amounts of 2;3,4 - tri - O - methyl - D - galactose énd'2,3,4 --tri.~ '
0 - methyl - D - glucuronlc acld are almost the same would seem to-
confirm the aldobiuronic acid as being 6 = 0 ~ (p - D - glucopyrano-
syluronic acid) = 2 - galactose especially since no 1,6 - linked
galactobioses were observed after paftial acid hydrolysis;

Periodate oxidatidn of Degraded gum A gave Degraded gum B éhich _
was found to contain only" galactoséo Partial acid hydrolysis again
only show»d the presence of a 1,3 -~ linked galactoblose in addition
to hlgher.ollgosaccharides. Methanolysis and hydrolysis of Degraded

gum B indicated the presence of 2,4,6 = tri = 0 = mothyl = D = ‘galactoeee
" and 2,3,4,6 -~ tetra -._O_ - méthyi -D- galactose‘ as.the majqr compon=
ents uith the former being By fér the major component. Also present
vere small amounts of 2,3,6 = tri =, 2,6 = and 2,4 = di - and 2 - 0 -

methyl - D - galactose. The. aboence of 2 230t = tri = 0 - methyl -

g - galactose confirms that galactose is'linked by the 6 = position to

end-group urcnic acid residues.
The molecular weight, (ﬁn) of Degraded gum B was found by end-
group ana1y51s to be 2,000, The fact that this is higher than the

value obtained for Degraded gum A is possibly due to the degraded

TN
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fragments, whlch gave rise to the low value for Degraded gum A
being small enough to be dialysed away.
From the results found for Degraded gum A and Degraded gum B .

a possible structure for}Degraded gum A would be:-

U.A.

i
1
- \
6 '
gal : , ' :

1 @ | I gal
| |- gal |
galj~6gal1-3ga11-3gal1-33211~33al1-63a13-1ga13~1ga13m1ga13-1gal,
. : , _

1
~ gall-6gal
4 ) .
gal3=-1gal3-1galb-U.A. . : .
6 . v '
|
1
gal

FIGURE IV,2.

- where gal = galactopyanose, glu = glucopyrancse, U.A. = glucuronic

acid or its 4 = O - methyl derivative.

Such a structure on Smith degradation would give rise to a structure

for Degraded gum B of:=-
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et B m oo

gal
1
3
gal1~33a11-Bga11-33211-33al1-65a11-3gal1-33a1
- . 1
gal
3
|
1
gal3-=1gal3=1gal

FIGURE IV,3.
These structures fit in with the results found,

" Anacardium occidentale gum was subjected to five successive

"Smith degradations giving ?olysaccharidGS«I~Vo The first degrada-
tioh, wﬁich wag quite dfastic as shown by the large amount of
periodate reduced and-the low yield obtained, removed all the xylose,
mannose aﬁd giucose which was en&=group aiong with a lot of gala=-
.'ctgse, arabinose and giﬁcuroniq acid. Since 2,3,4 « tri - O - methyl

= D = glucuronic ~ acid only was observed in the methylated

polyéaccharide ffom Anacardium occidentale implying that all the
glucuronic acid was end-gfoup, all uronic acid was expected to be
removed in the first degradation. However, the fact that a small
"amount of glucuronic acia is left in Polysaccharide I, is attributed
rto incompiéte oxidation due to steric hipdrance1u.
ﬁg.qalues were found fog Polysaccharides'II-IV by-end-group
analysis. A very low value of 3,240 was recorded for Polysaccharide

II, indicating fragmentation similar to that suspected in Degraded



gum A, EVidénce-for.this possibility is{found in the fact thét aA
much higher yield (77%) of Polysaccharide II was obtained than
would be expected implying that fragments may have been freé#e-
dried along with the expected product. This is similar to results

found auring the degradation of Lannea humilis1oo The En values for

Polysacchg;ides III and IV would seem to be reasonable indicating
that the fragments present in Polysaccharide II have been degraded
sufficiently to allow them to dialyse awaye.

Ali_the'1,6 - linked galactose was also removed auring the‘first
Smith degradati§n indicating that such galactobioses may be‘present

at the end of galactose chains as shovn in Figure vk,

-
o === gal gal— 1gal6 1gal
, , 3 v
B
-1
R

FIGURE IV k. .
_ Where R = arabinose, rhamnose, glucose or arabinose side chains.

Examiration §f methylated polysaccharides I-V gave the Q>-.
methyl sugars éhcwn in Table IV,G. Five Smith degradations»were.
required to remove. all the arabinose, indicating that some of the
arabinose side chains were 5 units long. However the small amounts
of 2,3,5 ~ tri and 3,5 = di -}O - methyl L - arabinose in

Polysaccharlde III and the trace amount of 2 03 5 - tri -0 - methyl -

L - arabinose in Polysaccharlde IV indicate the presence of very few
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'(possibly only one) five-unit arabinose chains., Identification of ’
2,34 - tri - 0 - methyl - é - arabinose and 3,4, = di = O - methyl
é - arabinose are indications of the presen;e of arabinopyranose
residues. Arabinopyranose residues should all be removed during the
first Smith degradation. Only trace amounts of 2,3,4 = tri = 0 =
methyl - g - arabinose weré observed in Polysaccharide I confirming
almost complete removal of end—group arab1nopyranose residues., The
presence of small amounts of 3,4 -di -0 - methyl - L - arabinose in
'-Polysaccharlde I would seem to 1nd1céte 1ncomplete oxldatlon of all
arabxnopyranose residues present as unlts within an arabinose chain.
This may be due to ateric regsons14 as with the case of the remalning '
glucuronic_acid. | |

The fact that only 3,4 - and 3,5 - di = O - methyl arabinose
were found in the gun itself and its degradation prdducts indicates
varabinose unzts in a chaln linked 1,2 =« This differs from ihe
majority of arabinose side chains in the égggig genus whlch are
1,3 - linked. 1,2 = 11nked arablnose side chains would be a more
strained system than corfespoﬁding 1,3 =~ linked chains which would
~.help té explain why.ail the arabinose is removed during mild acid
hydrolysis aﬁd also; why no.arabinobioses were pbservedr(normally
-pink spots) either in the dialysate'from degraded gum A or in any
of the partial acid hydrolysates (0.5N-H 80, for 1 hour)

The [}L:B values for Polysaccharides I to IV ugrevalmost
-identiéal and the same as the value for Degraded gum B. This would
indicaté that after the fifst Smith degradation the basic structure

of the gum remained virtually the same. So a great deal of



degradation would be expected to occur during the first treatment
with periodate. This was confirmed by the low yield (29%) of

Polysaccharide I. This identifies Anacardium occidentale as having

?Q%‘Qf its structural units susceptible to periodate oxidation
and is indicative of a highly branched structure (see Figure IV,4)

similar to that of the Group I Acacias (sse Section III).

~

- e om - -

FIGURE IV 4.

Assuming that 2,3,6 = tri =, 2,6 - di - and 2 = 0 - methyl -
g - g;lactose arise.from-ﬁndermethylafion then the main components of -
methylated PolySaccharide.I-V are 2,3,4,6 = tetra - and 2,4,6 -~ tri -
Q - methyl = D - galactose with smaller amounts of 2,4 - di - 0 -
methyl - D - galactoseo- Assuming that 2 - O - methyl - D - galactose
.arises from undermethylation of 2,4 - di - Q.- meﬁhyl - g - galactose
possibly indicating 1,3,6 branches close togéther (see Figure IV,E)

then this fits in with the picture of a highly branched B- 13-
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linked galactan framework with side chains lihkedp - 1,6 to the-

main chain. The low viscosity found for Anacardium occidentale

would suggest a highly branched structure.

6 .6
--~--—93sa11-—-%>35211-———?33a11-——-a33211——<>----

' | o ' FIGURE Iv;é. .

A possible strﬁctural fragment of the gum is shown in Figure
IV,6. This consists of 1,3 - linked galactose chains linked through
'..‘3 - 1,6L;inkages° On the ends of these 1;3 - galactbse branches
are rhamnose, giucoée, glucuronic acid, arabinose or‘arabinése'ﬁ
side chains of one to five'units long. The glucuronic-acid is
always joined oﬁto tye 06 of a galactose residue. - The attéChment‘
of'glucose and rhamnose isAunknown. Due to the absence of 243 =
di = 0 - methyl - 2 = glucuronic écid in the methylated gum,

‘rhamnose cannot be jbinéd to the 4'- position of glucuronie acid
| as has been establishéd for Acacia gum39’15f16. Attachment is
possibly through the 3 - or 6 - positions of galactose. Arabinose
and ité side chains are also thought to be eifher'1,3 = or 1,6 -
linked to galacfose; | ’

The presence of small amounts of 2,4 - dai - O = methyl - 27-
gaiactose in methylated éolysaccharide V shows that it is not a linear
‘molecule, but has a small amount.of branching:>possib1y oﬁly one or

two branches.



_ FIGURE IV,6.
R ,

gl '~ gall — 3gal
v 1
’ 6 ¥ ‘
R1———3gal1 —>3gal gal6 e&—1R
1 1 . .
v ¥
3 3
gal gal "R
1 . e -1 1
¥ A ¥
3 3 6 A .
gal gal gal3 €&—1gal .
1 1 1 ,
v 7 ¥
. 6 : 6 6 . ,
——- -———33211—-—>33811 —>3gall -e—>33211 —>3gall ~—>33211 —>3gall —> 38211-—"""
' 2 . t 2 | * ‘
1 1 1. 1
gal gl . gale€— 1gal gal
2 e : ;
R - | . -1 C 1
82134_‘;f18213‘%-_—1881‘ | | ' : gal : gzl}(———13
2 T | o | A
1 1 ' 1
R gal ' .  gluea.
RY representé g-glucose or g-glucwodc acid. " R represents 2 - mannose, g - xyloSe, g - rhaninose,

EI; - arabinose or 1,2 = linked arabinose chains.

POSSIBLE STRUCTURAL VRAGMENT OF ANACARDIUM OCCIDENTALZE GUM

1q



2e

The structural fragment shown in Figure‘ 1v,6, whi;-h,- it mst be
emphasmed, is not 1ntended to represent any repeatmg structural
unit w:.thin the molecule, is only one of many similar structures
B y:hlch can be postulated on the derived.evidence. It resembles the

'11 12 of Bentham'e'Series'

galactose framework -found for Acacia guns
5, Vulgares. It also resembles the Series 5 Acacias in that it
contains only two aldobiuronic aclds namely 6-- Q- (p D~ gluco- |
pyra_mosyluronic acid) - _2_ - galactose and 6 = 0 - (4 -0 - methyl -
p -;‘Q - glucofayranosyluronic acid) - D- galgctosé, the longest
.observed arablnose side chalns are 5 units long although none were

found to be terminated by galactose, and the rhamnose to uronic acid

ratio was found to be uz_zitye
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SECTION V

ANALYTICAL AND STRUCTURAL FEATURES OF GUM EXUDATES

*,- FROM THE COMBRETUM GENUS



SECTION V.A.

COMPARATIVE ANALYTICAL FEATURES OF GUM EXUDATES
FROM THE GENERA COMBRETUM AND TERMINALIA

V.A.1., INTRODUCTION

PLANT GUMS OF THZ FAMILY COMBRETACEAE R.Br.

The Combretaceae form an importaht family of tropical and sub-

tropical éénera: the botanical relationship between its 20 different |
genera is shown in TabieAV.A,1.in terms vathe recent revision_by
Exell and Stace1, which involves an organisation into 2 sub-families,
2 tribes and 3 sub-triﬁes.

To date, only 5 species belonging to the Combretéceae have been

involved in studies of plant gun exudates, nameiy Anogeissus

1atifolia2°6, Anogeissus schimperi Hochste | syn. A. leiocarpus

(DC.) Guill. et Perr. 17'11, Combretum verticillatum12 E 5yne

C. collinum Fresen. subsp. hypopilinum (Diels) Okafor 1,

Combretum leonernse Engl.'ananiels?3-15 [‘syn, C. pglutinosum Perr. ex

C. :] and Terminalia tomentosa16o

In view of the fact that Anogeissus latifolia is the origin of
gum ghatti, a gum exﬁdate of considerable industrial importance, and
because'the gum from C. leonense was fognd to be a very viscous
polyséccharide of potential commercial interest, it was considered

to be ‘desirable to study as many other gums frém’Combretaceae species

as possible to establish their'comPOSition, properties and structural
features., Section V.A.reports the analytical data of 12 Combretum

species and 2 Terminalia species.
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TABLE V.A,1.

Family : Y Sub-families
Combretaceae ' (a) STREPHONEMATOIDEAE Engl. and Diels
1 genus: Strephonema Hook. f.
(7 spp.) ]

(v) COMBRETOIDEA (40 genera)

/

Irive - Trlbe
COMBRETEAE (16 genera) LAGUNGULARIEAE Engl. and Diels
- 2 genera: Laguncularia Gaertn. fo.
(1-2 spp.)

Lumnitzera Willd. {2 spp.)
Macropteranthes F., Muell
{4 spp.)

A 4

Sub=tribe Sub=tribe Sub-tribe
COMBRETINAE (7 genera) PTELEOPSIDINAE TERMINALIINAE (& genera)
(1 genus)

Thiloa Eichl, (3 spp.) - E Pteleopsis. E Terminalia L. (approx
gglsgualls L. (16 spp.) " Engle. 150 sppe)
Calopyxis Tul. (22 spp.) (10 spp.) Ramztuella Kunth (6 spp.)
Meiostemon Exell and : Terminaliopsis Danguy

Stace (2 spp.) : (1 sppo)
Guiera Juss (1 spp.) Bucida L., (9 spp.)
Calycopteris Lam Buchenavia Eichl.

(1 spp.) ' (22 spp.)
Combretum Loefl., Anogeissus Wail.
: (approx 200 spp.) : ' (% spps)

] Finetia Gagnep. (1 spp.)

Conccerpus L., (2 opp.)r
_j

Subaggnus Sub—genus ' Sub~-genug
- Combretum Cacoucia Apetalanthumv

( N.B.:= 8pp. = species)
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" BOTANICAL NOMENCLATURE OF THE GENUS COMBRETUM

‘ The genus Combretum Loefl. is the'lérgest invthe‘Family :
COMBRETACEAE (order, MYRTALES); it is cosmopolitan in the tropics
and sub-tr§pics, although abSent17 from Australia and the Pacific
islands., 7The naming of specieg in Combretum has long been reéognised18
as a difficuit problem, especially in the absence of flowers. Over

17

600 specific names are now known ° to have been used to represent

some 250 acﬁuai species, and consequently the synon&my is frequently
unuéualiy extensive (see origin of sampies).-,fhe greatest fangé of
'structure and most of the difficult taxonomic problems are fqund in

17

Africa, where approximately 180 of the kvown species occur § there
are approximately %0 Asian species19.

There were several attempis at taxoﬁomié ciassificafion in the
nipeteenth century. Engler and Dielsao_divided the species on a
world-wide basis into 55 séctions in 1899, and their classification
- still forms thé basis for modern revisions, such as.Exell's account18
of the Amefican species. A revision by Exell andetace1 in 1966
- grouped Ehgler and Diél’s sections; and'ﬁo sections added by other

autho}s; into subgenera, the major of which are subgenus Combretum,

'éubgenus Cacoucia and subgenus Apetalanthum. In 1969, Exell and

Stace21 describgd 3 new sections (all Afriéan species) of the sub-
genus Combrétum; tﬁisAbrought tﬁe total number of sections in the
genus fo 68, of which 22 in subgenus Combretum and 5 in subgenus
Cacoucia are recogﬁised in Africa.

These . taxonomic diffi;uléies have arisen because the genus'

Combretﬁm‘is a éomplex, heterogeneous population in vhich there
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-appears to be a qontinuéusze—shuffling of genes18; a number of
characters are found in nearly every combinatidn. All that can be .\\\
done is to give the ‘'complexes' or "aggregates" of species the
ea;liest legitimate name available; with new material continually
being collected aﬁd ideas constantly changing, there ie no wayaz of
avoiding the inconvenience of changing the preferred name fqr

out18 that there are three types of synonym: (2) nomerclatural

‘ species and for the extensive use of synonyms. Exell has poinied K\\\;\
synonyms indissolubly linked with the accepted name, (b) names °

given to plants that appear to be identical to the type, (¢) names

given to plants that differ from the type in certain charactérisfics, /

each of which represents one of the ways in which a number of

characters can combine in a heterogeneous pomulation,.

V.A.2, NOMENCLATﬁRE AND ORIGIN OF THE COMBRETUM GUM
SAMPLES USED IN THIS STUDY

1¢ C. collinum Fresen., syns. C. binderanum Kotschy, C. mechowisnum -

O. Hoffm., C, laeteviride Engl. and Gilg., C. cognatum
_ A v

Dielé, C. _bajonense Sim, C. gazense Swynnerton and Bak. f.;

C. junodii'Dummer, C. album De Wild., C. angustilanceolatum

Engl., C, griseiflorum S. Moore, C. milleranwn Burtt,

C._tophamii Exell. ex Burtt Davy and Hoyle, C. abercomense

Exell, C. burtii Exeli, C. eylesii Exell. (There are otber

synonyms, and also 11 subspecies.) |
= Medium size, Aark nodules, collected by Mr, J.H. Dick, Regional
Forest Officer, in September 1965'at Isenegaéa Public Lands, Tabora,

Tanzania. : [ Sect. HE"TALLICUH j



2. C. collinum Fresen. subsp. hypopilinum (Diels) Okafor, syns.

C. verticillatum Engl., C. hypopilinum Diels,

C. kattoense Exell,.C. flaviflorum Exell,

- Qollected in 1955 for (the late)vProfessor R.J. McIiroy by

Mr. Oseni, Botanist at Western Region Department of forestry,"
Ibadan. A preliminary examination of this gum was published12 by
Profeésor McIlfoy, who subsequentlj &gry kindly placed his |

Fraction A at our disposal for this worke [ sect. METALLICUM ]

3, C. erythrophyllum (Burch.) Sond., syns. C. glomeruliflorum Sond.,

C, riparium Sond., C. sonderi Gerr. ex Sond., C. ligustrifolium

Engl. and Diels ex Bak. f., C. lydenburgianum Ehglo and Diels,

C. salicifolium sensu Monro,

- Collected in October 1970 by tr. T. Gordon at Audley End Farm,

Darwendele, nr. Salisbury, Rhodesia. ' [ Sect. ANGUSTIMARGINATA ]

4, C, zeyheri Sond., syns. C. tinctorum Welw. ex Laws., C, teuszii

O. Hoffm., C. glandulosum F. Hoffm., C. oblengum F, Hoffm.,

C. bragse Engl., C. lopolense Engl. and Diels,

- Small, dark nodules collected by Mr. J.H. Dick in September 1965

et Isenegaza Public Lands, Tabora, Tanzania. [ Sect. SPATHULIPETALA 3

5 Cs molle R, Br., syns. C. velutinum DC., C. tricanthum Fresen.,

C, lepidotum A. Rich., C. gueinzii Sond.; C. holosericeum

Sond., C. nyikae Enél., C. splendens Engl., C. ulugurencs
Engl. and Diels, C. galpinii Ergl., and Diels,

C. splendens Engl., C. arbuscula Engl. and Gilg,

C. atelanthum Diels, C. arengense Sim, C. ellipticum
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Sim, C. pretoriense Dummer. (There are other synonyms -
and some. subspecies.) '
- Medlum-31ze, pale nodules, collected in September . 1965 by Mr. J.d.

Dick at Isenegaza Public Lands, Tanzania. . E Secte. CILIATIPETALA.]

6. C. molle R. Br. (as for 5 )e

- Large, pale nodules collected in:August 1967 by Mr. G.E. Rweyemamu,
Regional Forest Officer, at Tabora, Tanzania.

[ sect. CILIATIPETALA ]

7. Cs apiculatun Scnd., syn. C. glutinosum Wood non Perr. ex IC.

- Obtained from BAUCHI, Northern Nigeria, in January 1967, per
Mr. Kenyon, Trcpical Products Institute, London°

[ Sect. CILIATIPETALA

. 8, C.psidioides Welw., syns. C. holosericeum sensu Laws.,

C. grandifolium F, Hoffm. (There are 3 subspecies.)

- Medium size, dark nodules collected in September 1965 by Mr. J.H.

Dick at Isenegaza Public Lands, Tabora, Tanzania. !

[ Sect. CILIATIPETALA ]

9, C. nigricans Lepf. ex Guill. et Perr. var. elliotii (Engl. and

Diels) Aubrev.

- Large, very dark nodules collected in 1955 by Mr. Oseni, Botanist
at Western Region Department of Forestry, Ibadan, and placed at our
disposal by (the late) Professor R.J. McIlrojo

[ Sect. CILIATIPETALA ]



10. C. fraggans,F. Hoffm., syns. C. kilossanum Engl. and Diels,

‘C. ghasalense Engl. and Diels, C. ternifolium Engl., and

Diels, C. tetraphyllum Diels.

- Small, dark nodules collected in September 1965 by Mr. J.H. Dick

at Iseﬁegaza Public Lands, Tabora, Tanzania.: [ Sect. GLABRIPETALA j

11. C. fragrans F. Hoffm. (as for 10) _ )
= Dark, large nodules collected in May 1970 by Mr. A.G. Sief-el-Din,
Sudanese Gum Research Officer, at Rashad, Republic of the Sudan.

[ sect. GLABRIPETALA |

12, C. hartmannianum Schweinf.

- Large, pale nodules collected in December 1970 by Mr. A.G. Seif-el-

Din at Umin Abdalla, Republic of the Sudaa. [ Sect. GLABRIPETALA |

.13 C. glutinosum Perr. ex IC., syn. C, leonense Engl, and Diels,

- Collection details as for sample 9, C. nigricans.

[ sect. GLABRIPETALA ]

1%, C. obovatum F. Hoffm., syn. C,. lasiocarpum sensu Exell and
Garcia.
- Large, pale nodules collected in September 1965 by Mr. J.H. Dick

at Isenegaza Public Lands, Tabora, Tanzania, [ Sect. LASIOPETALA.]

15. C. obovatum F, Hoffm., (as for 14).
- Large pale nodules collected in August 1967 by Mr. G.E. Rweyemamu,

Regional Forest Officer, at Tabora, Tanzania. E Sect. LASIOPETALA ]
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Table V.A.2 shows a tabular repreéentation of the botanical.

relétionship between the sections and speéies examined in this study.

TABLE V.A,2.

: ORDER -~ MYRTALES
FAMILY - Combretaceae; Sub~family - Combretoideae
~_ Tribe - Combreteae

Sub=tribe = Combretinae
§ggg§: Combretum Loefl,

-Subgénus

Subggnus ,
comanm CACOUCIA
| '(Aubio)'Exell and Stace
Section:‘ANGﬁSTIMARGINATA Section: LASIOPETALA Engl. and
Engl. and Diels: _ Diels:C. obovatum

C. erythrophyllun

Section: CILYIATIPETALA Engl. and
Diels:C. molle, C. apiculatum,
‘C, psidioides, C. nigricans

Section: GLABRIPETALA Engl. and
Diels emend Exell and Stace :
C. fragrans, C. hartmannianum,
C. glutinosum

Section: METALLICUM Exell and Stace
' (syn. GLABRIPETALA Engl. and
Diels, pro parte):C, collirum,
C, collinum subsp. hypopilinum

Section: SPATHULIPETALA Engl. and
' Diels:C, szyheri '

V.A.3, ORIGIN OF THE TERMINALIA SAMPLES USED IN THIS STUDY

The two Terminalia samples studied were from (a) T. sericea

Burch., collected in October 1970 by Mr. T. Gordon, Audley End Farm,
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Darvendele, Salisbury, Rhodesia, and (b) T, suggrba Engl. and Diels,
collected in April 1970 by W. Kriek per Mro J.J. Laurle, Marak

Fbrest Reserve, Cameroun.

'V.A.4. PURIFICATION OF SAMPLES

" With the exception of T. su rba, all the samples were supplied
in nodular form. After being crushed to pass a small mesh sieve,
small amounts (3g) were dissolved in water (200 ml) for 2 days,

after which time all samples had almost completély dissolved, except'

for C. collinum, C. fragrans (sample‘B) and C, nigricans, which
_required the‘addition-of a small amount of sodium borohydride to
facilitate dissolutlon?{ The solutions (pH 4.5}, were filtered
»Ithrough muslin to remove bark and otherfinsolubleudebfis, fhen
through wnatman'No; 41 filter paper and fimmy through No. 1
| fllter paper, after which the solutions were dialysed against »
. runnlng tap water for 2 days, (4 days in the case of borohgdrlde -
treated samples)o "The polysaccharides were obtained as the'freeze-
'_dried products. | | h

T. superba gum, which had been collected in the form of a soft,
_ﬁlastic mass, and sent in a polythene package, was d;ssolved in

distilled wéﬁer,'filtered, and freeze=dried.

V.A.5. RESULIS |
Hydrolysis with sulphuric acid (2N) for 7.5 hours showed that

~ all the Comtretum and Terminalia samples contained galacturonic acid,

glucvronic acid and glucurono = 6,3 = lactoae. Some samples - showed
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the presence of large amounts of &4 - Q.- meth&lglucuronié acid.

‘ Typical'Rgal valnes.fo: uronic acids are shown in Tﬁble'V.A,}.

The determination of the ratio of galactur&n;c acid: glucuronic acid :

wés similar to the methéd used for neutral éqgars. Qhrbmatography

of the 2N - hydfblysate was carfiearoﬁt in éqlveht (g), side-strips
cut, each component eluted and their ratio detérﬁinéd. Combination
_of the amounts of élucurbﬁic acid and:gluéuféno_é'6,3 - lactone gave

the total glucuronic acid co;tént{.

URONIC ACIDS OBTAINED ON 2N - HYDROLYSIS OF . -
. COMBRETUM AND TERMINALIA SAMPLES -

ATy
Uronic acid ' R vaiue_ - golour of spot“
. e e . 'Eal~ :
. - V;\‘;;’m‘/
galacturonxc acid . .50\v” v reddlsh/brown/\\
o , 7\ /
glucuronlc acid 0. 67{, ety brown , éﬁf
L-O-methylglucuronic acid 1.28 1 »gz plnk
: glucdronbm-G,}—lactone 1,50 ﬁ<§ " yellow browh , /ﬁT
./f’ - '; .
7 Y4 ;N
Loobhs

Hydroly518 vith 1N - HESOA for ? 5 hours followed by chromato-
graphy in solvents,(a) (v) and. (c) ahowed that all the samples
cdntainéd galactose, arablnose and rhamnose;.ln addlthn, some wera

':‘also foﬁnd td contain significant amounts'of:mahnose and xylose,

Sugaf ratios were determined for all the samples in the same way

as-for'Anacardium occidentale (see Section IV.A), by running two

C ey s
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JWhatman BHM chromatogrgphy-papeis for-éach sample,‘oﬁe in sol?ent (v)
and one in solvent (c). Chromatography in solvent (b) determined the
ratio of galactbsa: (mannose +Aérabinésé): xylose: rhamnose;’and |
éhrométography in solvent (c) determined the ratio 6f mannose:
(arabinoso + xylose): rhamnose. By a combiﬁétion of both reshlts,
the.éomplete sugar ratios were determined as shown in Table V.A,k4,

As vell as there being differences in sugar content of the
_samplés, phromatogfaphy in solvent (c) of the 1N - hydrolysate
showed basic differences in biuronic acid1content of certain of the
samples. The majoritj of the samples showed biuronic acid spots

at Rg#l 0.28 and 0.88 which corréspoad o 6 - 0-(p-2- gluco-

- pyranosyluronic acid) - D - galactose and 2 -0 - (L= D - galacto-
pyranosjluronic acid) - L - rhamose as fuund previously in

C. leonense by Asplnall and Bhavangén14°'5 and verifiéd.in-this study
(see Section V.B). Other samples ghlch contained both the above

" biuronic aciés'also showed a spot at Rgal 00#8. ‘These samples were
also found. to have a hlgh methoxyl content and this spot is
attrlbuted to the presence of the biurcnic acld, 6~0=(l-0-

methyl.-B - D~ glucopyranosyluronic_agid) «D = galactose (see
Section V.B).

However, certain Combretum samples and both the Terminalia
~ samples showed, as well as the spot at'Rgal 0.28, a large spot at
Rg&l 0.51 but nothing at Rgal

- galacturonic acid - rhamnose biuronic acid. It was also noted

0.88, indicating'the‘absegce of

that these samples differed from the other Combretum-samples in that.

‘they contained considerable amounts of mannose and xylose. On the



TABLE V.A,k.

SUGAR RATIOS FOR COMBRETUM AND TERMINALIA SAMPLES

Section Sample ' gal. ara. rha. mann.‘ Xylo
Angustimarginata C. erythrophyllum 10 26.1 7.4 - troce
Ciliatipetala C. apiculatum 10 8.6 5.9 2.2 2.4

: C. molle (sample A) 10 9.6 3.8 - trace
_ C. molle (sample B) 10 9.4 3.G -  trace
C. nigricans 10 . 18.3 4.6 - trace
C. psidioides 10 5.9 3.7 1.4 trace
Glabripstala C. fragrans (sample A) 10 12.4 5.0 1.7 trace
C. fragrans (sample B) 10 15.% 5.5 - trace
C., glutinosum 10 10,6 3.2 - sl. trace
C. hartmannianum 0 32.h 3.2 3.2 bt
Metallicum C. collinum 10 375.4 5.7 3.5 2.2
. " C, collinum 10 6.7 3.7 163 1.1
" (subsp. hypopilinum)
Spathulipetala C. zeyheri 10 18.6 6.5 - trace
Lasiopetala C. obovatum (sample A) 10 16.9 7.5 3.0 4.0
C. obovatum (sample B) 10 9.6 4.1 1. 1.3
(Terminalia) T, sericea R 10 33.7 k.5 23,6 ko
. T, superba 10 38.5 4.C 4.5 765
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Qhole, these sgmples did not have a high methoxyl content and hence
did not contain very much 4 - O - methylglucuronic acid, so the

significant spot at R 0.51 would have to be due to something

gal
other than 6 = 0 = (4 = 0 - methyl - D - glucuronosyluronic acid) -
2 - galactose. Also, in these samples, galacturoric &acid had to

_ be accounted for as it wés not present in a biurqnic acid linked to
rhammose. On the basis of experimental work (see Section V.B) the
biuronic g;id Rgal 6.51 is thought to consist of galacturonic acid and
ﬁannosé. |

Table V.A,E.sﬁows the biuronic acid spots present in all th§
sampies. The perceﬁtage of sugars present in each saﬁple was‘
calculated, taking the biuronic acids present into account..
Tables V.A,6 = 9.showvthe complete analytical dats for all the
Combretum Saﬁples studied; Table V.A,10. shows the analjtical data
for the two Tefminalia samples;

Several of thé crude gums had a "vinegar-typé" odour; an acetyl
content was carriéd out on each sample, some of the samples showing
" the presence of quite substantial amounts of acetyl (4 - 7%)
| present. . 
| The relationship between viscosity, [?L:]and molecular weight,'ﬁh,'

2or the series of Combretum species studied was examined:-

[l - e

, vhere K and JL are constants

:o log E'Y\JJ = 108 K + cLlOg M .

iei~ y = const + mx

Table V,A,11,shoés the value of y and x for each of the species

studied.



TABLE V.A,5.

_ BIVRONIC ACID SPOTS OBTAINED BY CHROMATOGRAPHY IN
SOLVENT 18.3.1.4 AFTER HYDROLYSIS OF
COMBRETUM AND TERMINALIA SAMPLES WITH 1N-H,SO,,

" Section ' " Sample : Rgal Rgal Rgal Rgal
- 0.28 0.47 0.51 0.88
Angustimarginata C., erythrophyllum ' + - - +
Ciliatipetala C. apiculatum - + + - +
. . - C. molle (sample A). ¥ - - +
_ C. molle (sample B) + - - +
C. nigricans - - + - - +
C. psidioides + - - +

Glabripe’ala  C, fragrans (sample A) + +
' B ~ C._fragrans (sample B) + + - +
C, glutinosum + - - +

C, hartmannianum + - + -

Metallicum C. collinum + - + -
C. collinum- - . + -+ - +

: zsubsp. hypopilinum)
Spathulipetala  C. zeyheri - + - - +
‘Lasiopetala C. obovatum (sample A)  + -+ -
_ C. obovatum (sample B) + - + =
(Terminalia) T. sericéa ) ' , o+ - + -

T, superba + - + -
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. TABLE V.A,6.

ANALYTICAL DATA FOR GUM POLYSACCHARIDES FROM

COMBRETUM SPECIES, SUBGENUS COMBRETUM, SECTIONS
" METALLICUM®, ANGUSTIMARGINATA®* AND SPATHULIPETALA®*** '

:ES 5'5 L 2 2 J
oo b I
— <
g 5 B g T oed
o | 8 k| 3
! ! - 5
.8 8 . o R}
° . % ° .
- 0 C>-g (& (&
1 (2)a (3 (&)
DATA ON CRUDE GUM
Moisture, % 9.8 15.7 12.0 12.5
Ash, % 1 13.5 3.6 6.2
Nitrogen, % 11 .09 “12 51
Hence, prgtein, % (N x 6.25)% 0.7 0.6 0.8 3,2
Acetyl’ % ’ 003 005 19? 300
DATA ON PURIFIED GUM
Recovery from crude gum 73 87 78 - 81
MOistureg % R '809' 13&8 » 1006 1203
Ash, % . a 363 1.7 5.7 8.2
Nitrogen, % 0.13 - 0.10 0.1 0,16
Hence, protein, % (N x 6. 25) 0.8 0.6 0.7 1.0
) Methoxyl, ?0 . 0.14.5 10“‘6A 0033 0038 :
[}CJD in dlstllled water, (degrees) =81 . 453 =54 +7
Intrinsic viscosity, [?b], ml/g 312 - 60 110 163
Molecular Weight, {Mi x 10 )2 116 7.3 13 - 56
Equivelent weight, . . 1405 398 745 472

. Hence, uronic anhydride ' 12.5 b, 3 23,6 3743

. Svgar compositionb after hydrolysis ) _

- b-O-methylglucuronic acld 2.7 8.8 2.0 2.3
glucuronic acid 6.7 23.9 13.9 25.0
galacturonic acid 3.1 11.6 7.7 10.0
galactose 22 36 27 34
arabinose L7 5 33 15
rhamnose 8 13 16 1k
mannose 9 1 - -
xylose 3 1.7 trace trace
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TABLE V.A,7.

ANALYTICAL DATA FOR GUM POLYSACCHARIDES FROM
. COMBRETUM SPECIES SUBGENUS COMBRETUM
SECTION CILIATIPETALA

< )
O "
2 By
a 3 g 8 0
0 @ bet -
~~ v a .g g
s o 3§ %
9 3 4 3 2
= & o ol s
ol © o o o
' (5) 6) () (8) (9)
DATA ON CRUDE GUM v
Moisture, % - ‘ _ 1.8 1.6 124 13.4 106"
Ash, % . 5.0 4.3 6.3  bb4 3.0
Nitrogen, % : a o1 20 W2k o3 035
Hence, prgtein, % (N x 6.25)7 102 1.2 1.5 2.1 2.2
Acetyl, % : ‘5.,6 5.9 3.Q 7.0 _2,5
. DATA ON PURIFIED GUM _ _ _ _
Recovery from crude gum, % - - 87 79 . 58 78 80
Moisture, % 1.3 84 119  11.1 9.1
Ash, % L 40 3.9 7.0 5.8 3.1
'Nitrogen, % a " 0,08 0,08 0.25 0.1 0.10
Hence, protein, % (N x 6.25) _ 0,5 0.5 1.6 0.7 0.6

Methoxyl, % 0.28 0.40 0,68 0.22 0.24
[oL]D in distilled water, (degrees) +2 +3 +24 +47 <43

Intrinsic viscosity, E""L:I, 5ml/g 7k 70 188 146 35
Molecular weight,b(M\'J x 107)% 5¢3 = 643 30 14 k.8
Equivalent weight beo 983 965 ., 674 766 1244

Hence, uronic anhydride '® 7.9 18,3 26.1 .22.3 - 14.0

Sugar compcsi‘tionb after hydrolysis

L-0-methylglucuronic acia? 1.7 2.4 . b1 1.3 1.4

. glucuronic acid _ . 10,5 10.3  13.9 - 4.3 7.7
galactvronic acid 5.7 5.6 8.1 6.7 4.9

- galactose o ko * 40 24 42 30
arabinose 27 27 15 16 b1
rhamnose 16 15 17 16 15
mannose : : = = b b =
xylose ' - trace trace L

trace trace
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TABLE V.A 8.

ANALYTICAL DATA FOR GUM POLYSACCHARIDES FROM

COMBRETUM SPECIES SUBGENUS COMBRETUM -
SECTION GLABRIPETALA

DATA ON CRUDE GUM

Moisture, %

Ash, %%

Nitrogen, %= a
Hence, prgtein, % (N x 6.25)
Acetyl, % :

DATA ON PURIFIED GUM

Recovery from crude gum, %
Moisture, %
Ash, % a
Nitrogen, %

a
Hence, protgin, % (N x 6.25)
Methoxyl, %

[;L]E in distilled water,. (degrees)
Intrinsic viscosity, ["\, ml/g
Molecular. weight,b(Mw x 10

Equivalent weight b,c
Hence, uronic annydrlde

Sugar compositionb after hydrolysis

4-0-methylglucuronic acia?
glucuronic acid
galacturonic acid
galactose

arabinose

rhamnose

mannose

xylose

s e
[<7] -

- e 3 '
Q [4] A g
[ ) S - 7y
8 g ' 2

8 b
[} o = }
& g 4 4
o o ol ol
(10) (11 (12) (13)
13,5  13.1 1.9  13.0
7.0 7.7 3.8 35
.27 27 6l .25
1.7 1.7 4,0 1.6
"l’ol" 20‘5' ‘o°’+ 4_02' .
?9 65 ' 83 n.do
12.5 12.0 8.3  11.9
7.7 8.3 © 3.7 3.3
0,17 0.18 0.61 0,07
1a1 101 . 308 oou i
0.85 1.07 0.25 0.58
+35 +41 =35 =9
162 170 63 75
17 49 6ol 5.3
505 1487 1173 1073~
35.0 3602 15,0  16.4
5.4 6k 15 3.5
19.7 19.8 7.4 8.9
10.2 10.0 641 4,0
3h 34 22 Lo
14 16 43 31
15 14 b, 13
2 - 10
trace trace 6 Slc trace
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TABLE V.A,9,

ANALYTICAL DATA FOR GUM POLYSACCHARIDES FROM
COMBRETUM SPECIES, SUBGENUS CACOUCIA
SECTION LASIOPETALA ~

12 Im
o !
a3 &g
8e S
of ol 13
- (&) 3 O
(14) (15)
DATA ON CRUDE GUM o
Moisture, % - g - 11,5 12,2
Ash, % é : - - ‘ S.b - 563
- Nitrogen; % a v - 0426 0.18
" Hence, prgtein, % (N x 6.25) ' 1.7 1.6
Acetyl, % : - L. L 1.7
DATA ON PURIFIED GUM - ' '
Recovery from crude gum L L 34 : 79
Hozstuge, % . ' : - 10.5 9.9
Ash, % a o : . 5.9 5e1
Nitrogen, % - ' 0.23 T 0610
- Hence, protein, % (N x 6. 25) . O 1.b 0.6
Methoxyl, % ’ o 0.37 0.21
E;&JD in dlstllled water, (degrees) .  45 -18
Intrinsic viscosity, [} 5ml/g : . 200 139
Molecular Welght,b(Mw x 107)% I LY 35
Equivalent weight bec ' 761 816
Hence, uronic anhydride ¢ | , 234 ' 2106
Sugar comgositlcnb~after hydrolysis -
h—grmethylglucuronic'acidd ‘ : - 22 1.3
glucuronic acid _ 13,8 . 12.8
galacturonic acid , 7.1 : 7.5 -
galactose A o 28 35
arabinose 23 - 21
rhamnose : 10 °
mannose \ ' M _ 10

xylose ) . : : : 5 3
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TABLE V.A,10.

ANALYTICAL DATA FOR PURIFIED GUM POLYSACCHARIDES
FROM TWO TERMINALIA SPECIES

T, sericea T. superba

Moisture, % ' 9.2 12.2
ASh, % a » . 204 006
Nltrogen’ % 0. 6 ’ 0018
Hence, protein, % (N x 6.25)2 2.9 . 1.1
Acetyl, % b : ) 0.6 0.3
Methoxyl, % 1.20 : A 0.39
[ﬁ&]b in distilled water, (degrees) C «13 C el
Intrinsic viscosity, [?\;] ml/g ‘ " 145 .. 157
Molecular weight,, (M4 x 10 ) 21 4o
Equivalent weight b,c 1615 1659
Hence, uronic anhydride °’ 10.9 10.6
Sugar compcsitionb after hydrolysms _
'h-o-methylglucuronlc acid 7.2 2.3
glucuronic acid : 1.6 -
galacturonic acid 21 3.1
galactose 22 20
arabinose 48 51
rhamnose 6 5
mannose 7 9

- xylose - -_6 L

KEY TO TABLES

o Borohydride added to facilztate dzssolution
Corrected for moisture content
Corrected for moisture and protein contents

If all acidity arises from uronic acids

& 0O T Pm

If all methoxyl groups located in this acid

The molecular weights shown were calculated using a dn/dc value

of 0.146 as found for a series of Acacia gums. A value of dn/dc of

-0,ﬁ42 has been previously réported24 for C. pSllelduu, 56 the above
assumption would seem to hold fairly well considering the report that _
within one genus, the values of-dn/dg of 23 species were almost-ldentlcalzf
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TABLE V.A.11 .

| Sample o gggz_gg; log!“l,l lo ﬁw,i
C. collinum - 1 C2.49% 7,064

C. collinum subsp. hypopilinum 2 - 1.778 - 5.863
C. erythrophyllum 3 2.0k2 . 6.11b
C. zeyheri. : 4 2,212 6.747
C. molle (sample A) 5 1869 5.724

C. molle (sample B) - 6. 1845 5.099
C. apiculatum 7 2z 6477
C. psidioides 8 2,164 6.146
. C. nigricans..: 9 1ok 5.681
| C. fragrans (sample A) 10 2209  6.23
C. fragrans (sample B) BT 2,230 6.6%
C: hartmannianum ! o2 1799 ', 5.805
 C. glutincsum,  I ;" 13 N 1.875  5.72
C. obovatum (sample A) W 2301 20149
C. obovatum (sample B) =~ . | 5 2.543 ' 6c544

Figure V.A,1. shéws a plot of log E"\,] against log Ww. The greph
-_ éhows a reaéonaﬁlyllinéaf’relationship consi&ering the experimentél
errors invall the parameters. Taking the beét straight iine as

' shown, the values of K and ol were'found to.bé 0,10 and 0,49

respectively.

Figure V.A;2.s8hows a plot of ash content against uronic acid

content. Within the experimental error boundaries of the two
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‘parameters. there'would appear to be a veryvgood lihear~re1ationship
between uronic acid and ash coﬁtent. This is as expeéted, since
most of the -COOH groups in the gum molecule would exist in the
donised form, the negative ions would form ionic bonds with'positive
ions such as Na, K, Mg and Ca, a fact confirmed by the pH of the gum
solutions of 4,6, which is not particularlyAloa.: The ash content,
after all tpe carbohydrate material hga been burned off mainly as

CO_, and H_ O, consists of thé oxides and cgrbonateé.of the above and

2 2

some other metallic elements, such as Mn, Co etc.

V.A.6. DISCUSSION

. On the whole, the analytical data found for C._ glutinosum,

C. collinum subsp. hypopilinum, C. molle, C. psidioides and

C. nigricans agree with the values found previously by Speedzu,

(C;Aglutinosum called C. leonense and C. collinum subsp.

hypopilinum called C, verticillatum) and confirm the.valués
13

« However,

" published for C. leonense by Anderson, Hirst and King

: EcIlroy12 reported that C, verticillatum contained galactose, -
érabinosé and glucuronic acid as the only uronic acid present.

This is disputédAby the present findings although the [}J;}D falue
"of +53° found for this gum by McIlroy agrees exaqtly with the value
" obtained for C. collinum subsp. hypopilinum, '

The analytical data show some very interesting featﬁreeo The
majority of the gums in the purified form are virtually free of
protein (4 1%). The methoxyl contents, aithough showing a wide

variation, aie within the normal range. The specific rotations
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‘also show a wide range (-81 to +53°), with C. collinum hav1ng the
highest-recorded, negative rotation (~81°).

The outstanding features of the Combretum genus shown by this
study are the high ash and hence uronic acié cohtents and the
unusualiyAhigp visbositigs and molecular weights. Tha ash content -
(11.7%) and uronic acid content (44.3¥) of C. collinum subsp.
hprgilinum are exceptionally Eigﬁ and nothing comparable has been
reported. Also, the viscosity of C. collinum (312 ml/g) and ﬁé of
C. obovatum (sample A) (1.4 x 107) by.far-surpass the'pfevious-f
4highest recorded vaiues. As a comparison, the highest recorded M

for gums of the Acacia genus are 2.3 x 10° for A. arabica, 2.3 x 10°.

A, nilotica and 2.4 x 106'for A, adamsoniiak.- The high viscosity .

and molecular weight would suggest a complzcated, posszbly rod-
shaped, molecu‘ar structure for the gums. ’
The sugar ratios (see Table V.A. 4) show qulte a wide variation
in galactose: arabinose: rhamnose content as wel} as ulfferences in
the sﬁgars present, Qhere some samples contain mannose and xyiose
- - .and others do not; An intergsting poinf to emerge from examining'
fhe sugar ratios and optical rotatioﬁs is fhat samples with a high
:arabinose content have-a_high negative [}L]E value and those with a
low arabincse content have a hlgh +ve value, exempllfled by

C. coll:mum, galactose. a.rablnose 10: 35 ’+ Colsz =81 and C, psidicides

10: 5.9, [}i;]o +47. (This would seem to disprove the high arabinose

sugar ratio found in C, verticillatum by MeIllroy, since E;L:E was

found to be +53°)° However, although a fall in arabinoée.content

seemed to be coupled uith.EaQJD becoming less negative and then
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positivé; there wés no visible linear relationship. The Terﬁinalia
samples did not fit into this pattern‘since, although they b&th'had
'4a high'arabinose cbntent,-they did not have high negative optical
rotations, in fact T, superba had a high +ve value (+44°). This would
seem to indicate structural differences between the Combretum and
_Termiﬁalia gums, which would‘be as expected botanically.

. Hy drolys.{sAwith» 1N“HZSQL; also indicated structural _differe_n§es ‘
within the Combretum genus as regards the aldobiuronic aéidso |
Although ail the samp;es, including the two.Terminalié samples,
_contained 6 - 0- (B-D- .glucopyranosy‘]_.uronic' acid) = D ~ galactose,
there was a differencs in the galaéturonic acid - containing |
bimoﬁc acid. Most of the.Com_bretUm gunms vco»ntained 2-0 - (oL- D -
galactopyranosyluronic acid) - L - rhamnose which had been found and

14,26

characterised previously in C. leonense ‘and is a common aldobiu-

ronic acid in other gemera such as Sterculia27-29, §§51§?°’31 and is

found in the gum from Cochlospermum gosszgiumBz; However, some of'

the samples,.includiné’the.two C. obovatum samples-f;om the

' Laaiopefala subéectign of Combretum, as well as the two Términalia
gﬁmé, contained a biuronic acid of unknown structure but expécted,
from experimental evidéhqe (see Section V.B), to contain mannose and
galacturonic acid. Such a biuronic acid has not been reported
previously in'_any gu.m. vaweAv‘er, the -biuronic. ﬁcid, 2 - 'Q - (F. -D-
glucopyranosyluronic acid) = g'--mannose has been found in Anogeissus
: samplesa’5’8’33, which were reported to contain gluéuronic acid as
their only urdnic acid, a fact confirmed during this preseht

investigation. So there is & possibility that the biurcnic acid
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found in the Combretum and Termlnalia gums may be 2 -~ O - (g D -

. galactopyranosyluronic acid) - D mannose. The 1solation and

structural examination of this biuronic acid is the subject of a
préeent-investigation3ka
- However, the finding of such a biuronic acid in Terminalia

~samples but,nbt ih-Anogeissus gums would throw doubt on the botanical

claSsification, vhere Anogeissus and Terminalia appear together, on

'chemiéai gréunds; The two Terminalia samples were found”conclﬁsively‘
- to cohtain galacturé#i# acid, whereas Anogeissus sampies were not.
.So it woul& seem that the gums ffom the Terminalia genus resemble
certaln gums of Combretum rather thaa Auogelssuso

An 1nterest1ng feature found in the study of these Combretum
gum sxudates is the presence of twe separate structural types,
'1dentifled by thelr dlfferent biuronic acids. _Also, the samples
 with the_b1uron1c acid contalnlng mannose and galacturonic acid
contained.significant amounts of mannose and xylose as well as
galactose; arabinose and rhamnoseoA_This disputes, on chemical_
'grouﬁdé,.§értain features of the classification shown in
.,fgble.V.A,#, Cs coilinum and'its subspecies hypopilinum are -
different both analytically and as fegards biuronic acid content |

and shouid,belong to different sections. Also, C. hartmannianum

doss not fit in with the other members of the Glabripetala but,

together C. collinum, resembles C. obovatum. C. nigricans seems

to resemble C. erythrophyllum from the Angustimarginata more than

the other members of the Ciliatipetala, whereas C. collinum éubspo
hypopilinum would fit in very well to the Ciliatipetala. (. zeyheri
from the Spathulipetala resembles the gums of the Glabripetala with -

the exception of C,. hartﬁannianum. B




On the bdasis of this experimental Qork; the Combretum samples
could be divided 1nto two groups, with one group subdivided into two -

Table V.A,12.

TJABLE V.A,12.

CLASSIFICATION OF COMBRETUM SAMPLES STUDIED ON
: THE BASIS OF CHEMICAL ANALYSIS

Combretum

§£ up I ér”””’ “-‘-‘f;f‘--9 group II

C. collinum
- C. hartmannianum

group IA B ggoug IB ,  ~ C. obovatum

_'(hlgh negative rotation  (high positive or low
%gal < % ara) . negative rotation
: "% gal > ¥ ara)

- C. erythrophyllum C. apiculatum oo
C. nigricans ‘ . Co. collinum subsp. hypopilinum
o C. fragrans : S
‘C._glutinosum

C. molle
C. psidioides

C._zeyheri

And 80, on thedbasis df chemical evidence, three main points
ewerge from this study.- (a) Anogglssus and Term1na11a have dlfferent_
structural features but are classed together botanlcally, (b). the
Combre tum genuS'would seem to be divisible into two sub-d1v151ons

on the basis of structural features (see Séction‘VGB); (c) one of the
d Combre tum divisionsrcan.be,further subdivided into two on the basis

- of sugar content and rotation.
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“In the light of this evidence, the Family Combretaceae is a.
very complex family and not és-straightforward as other families -

studied to date. -
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SECTION V.B

‘A PRELIMINARY STUDY OF THE STRUCTURAL FEATURES OF
THE PLANT GUMS FROM COMBRETUM ERYTHROPHYLLUM
ARD COMBRETUM HARTMANNIANUM

V.B.1.  INTRODUCTION

Unlike the Acacia genus, vhere extensive work has been carried out
in the ficld of chemical taxonociy, relatively little is known about
the chemistry of gnma from the Combretum genus. The only structursl
inveatigations 80. far have been carried out by Aspinall azid‘

1,15

Bhavanandan on the gum from C. leonrense (referred to here by its

botanically preferred synonym C. glutinosum); they carried out

hydrqusis studies on the gum and characterised the fragments
obtaihed.. The neutral fra@ents were found to be 3 -0 -p.. 5‘. -
arabinoﬁs'rano;syl - ‘Ié -; arabinose; 3 - 0 -B- D~ galactopyranosyl =
L - arebinose and 6 - o] -P « D - galactopyranosyl - D - galactose.
‘The aldobiuronic acids isolated were found to be 6 - 0 - (B-D -
glucopyranosyluronj;c acid) = D - galactose and 2 - O ~ (=D =

' &alaétopyranosyluronic acid)‘ = L - rhamnose. ‘

On the bazis of the findings of Section V.A, which proposes the
existence of two distinct structursl types within the gemus
Cumbretum, it was decided to examine the structui‘al features of both
types to see if the differeqces propoéed were slight or significant.
Section V.B therefore oxazmines structural features of (a) the gum

from C. erythrophyllum, on the basis of a Smith degradation and

hydrolysis studies, to determine its similarity or otherwise to

- Ce 1eonense,- and (b) the gum from C. hartmannianum, which on the-
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basis of sugar content and aldobiuronic acids differs markedly from

both C. erythrophyllum and C. leonense. Bothk C. erythrophyllum gun

and C. hartmannianum gum have very complex structures and it was

decided that the limited timo and material available should be used -
to establich some of the broad features of the gums and their degree
of compiexify, rather thén minor details. With the present
préliminarj-etudy es a guide, it is hoped that some future investi-
gafor will be able to start work on & sealeo neceagsary to éllow full
chemical characterisations of all isol&ted‘cbmponents t0 be under-

taken.

SECTICN V.B PART A

STRUCTURAL FEATURES CF THE GUM FROM
' Co ERYTHROPHYLLUH (BUGRCH.) SOND

o v s e T,

V.B. 2. PURIFICATION OF C. ERYTHROPHYLLUM GUH

~ Crude gum (102.7 g) vas stirred in distilled water (los 1).
After 2 daye. solubilisation was incompleteo The gum zolution was
decanted off and moie water (2 1) was added to the undigsolved gum;
after a fuither 2 daye, all the gum had dissolvedo The decanted
solutions were filtered through Whatman No. 41 and thea through No. 1
filter papers and dialysed againsﬁ running tap water. The total gum
solution (volume ~-9 1) was concentrated to & 1, filtered, and the
pure gum obtained as the freezemdried product (70.3 g, yleld 69%).
Values for the moisture content (&%), intrinsic vi@cositf (102 m1/g)
and gpecific rotation (-57°) were similar to the vaiués obtaine&A

previcualy (see Section VoA).
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" VeB.3, RESULTS

The polysaccharide migrated as a gingle band on electrophoresis
'on cellulose acetats £ilm in 0.1M - ammonium carbonate buffer
(pH 8.9) and 0.4 - acetate buffer, and on thin-layer electrophoresis
of dyed and nndye& polysaccharide on Phoroslides iz 0.05M - ammorium
carbonate buffer and 0.05M borate buffer (pH 9.2). Ion exchange
chromatography on a DEAE - cellulose columﬁ using a sodium chloride
gradient (0.0 = 0.5M in 0.024 - acetate buffer) produced one single
eymmetrfgkpeak, as did ultracentrifugation in O:Eﬁleodium chloride.
Molecvlar-giove chrométography on Bio=-gel A-5 and A~15 columna in
each case showed a sherp peak at the void volume, irdicating that
the high éol@éular weight polysaccharide waajexcluded from the gel.
K-53C on a Bio=gel A150 column, however, gave g gingle symmetric pewnk
at grezter than the void volume. All these experimonts indicate that B

the gum from C. erythrophyllum shows no distinct héterogeneity.

IDENTIFICATION OF NEUTRAL SUGARS

C. erythrophyllum gum (1 g) was hydrolysed with 1N - gulphuric
~acid for 7.5 hours on a boiling water bath. The cooled solution was
neutraliseﬁ; filtered, deionised and concentrated to a syrup, which

was applied to a column (41 x 2.6 cm) of Duolite A=lt rezin in the
formate form. Elution with distilled vater (400 ml) yielded the
neutral sugars present in the hydrolysate. 'Aftef concentration of
the neutral fraction to a éyrup, chromatogiaphy in molvente (a), (b)
and (c) showed the presence of galactose, arabinose and rhemnose;
erabinoase was the major constituent. A slight trace of xylose was

al.so presents
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IDENTIFICATION OF THE ALDOBIURORIC ACIDS

Elution of the Duolite A=l column with 5% formic acid (500 ml)
ylelded the aclidic fraction of the hydrolysate. This acidic solution
was concentrated to a syrup and chromatography was carried out in
solvents (¢), (d) and (g). Trace amounts of galactose and arabinoss.
two major spots (Rgal 0.28 and 0.88) and a trace espot at Rgal
A(all in solvent (c)) were detected. Sclvent (g) also showed the-

0.47

pregence of small amounfs of galacturonic acid and glucuronic acid;
these may have arisen from cleavage .of a few uronosyl linkages

| Chromatography wasz carried out on Whgtman MM papers}in
solvent (¢); side strips were cut and the two major acidic fraétions :
eluted as in sugar ratio determinations. After elution, each
fraction was concentrated to a syrup, and the purity of each waa
‘checked by chromatography in solvent (¢). Tihen in each case the

syrup wae traneferred to a dry tared 50 ml round-bottom flask; ths

syrup vas taken to dryness. After drying in a vacuum deaiccator, tne

flask was reweighed to find the weight of aldobiuronic acid present.
Diotilled water (2 ml) was added to dissolve the acid and its
specific rotation was determined. Each cample wac again taken to
dryness, 2N = aulpﬁuric acid (5 ml) added, and hydrolysis carried
ovt for 8 houra to cleave the uronosyl linkages. |

| 0.56, solvent

Fraction (a) had R 0.28, molvent (c), and R

, gal gal
(d); it vas indistinguishable chromatogrephically from 6 = 0 = (B~
= gluccpyranosyluronic acid) = D - galactose. After elutionm,
the[:uQJD value was found to be +20°. Hoviever, chromatography shoved

a trace of galactose impurity. This is consistent with the results ,
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found for Anacardium occidentale gum (see Section IV.B). Hydrolyais,

£olloved by chromatography in aolvents (c) and (&) showed the pres-
ence of galactoae and glucuronic acid.. These results 1ndicate that

fraction (a) is 6 = 0 = (p D - glucopyranosyiuronlc acid) ~D -

’galactose, this is conszistent with the findinge of Bhavanandan26

C. leonense gum

Fraction (b), which gave a yellow/brown spot with aniline oxalate,
had Rgal 0.88, golvent (¢), R el 0.89, solvent (d), gél u.#b,
. solvent (g) and Rgal A 0.80, solvent (g). Afte‘ elution from
chromatograns run in solvent (¢), re~¢hromatcgraphy-in solvents (c)
and (g) showed' that fraction (b) contained some galactose impurity
as expected sinee galactose runs close to this . aldobiuronic acid in
solvent'(c).. Also ‘pregent were alignt traces of galacturonic end
glucuronic acids. Using the same procedure es for fraction (a),
the speéific rotation was +63°. Hydrolysis followed.by'cﬁfpmato~
- graphy in solvents (c) and (g) showed the presence of rhaﬂaoseignd
galacturonic acid, with traces of glucuronic acid and galactose
: impurity. These results also agree ;ith thoge found for C. leonense
by Bhavanardan®, who characterised this aldobiuronic acid as 2 = O =
(L= D = galacturonosyluronic acid) = L = rhamnose.

Fraction (c), which appeared as & faint pink spot having Rgal
O.Q?vin solvent (c) was not present in sufficient amount to allow

its exzminatién. However, investigdtion of the acidic fractién‘of

C. hartmannianum gun (see laﬁer), together with the fact that-

C. erythrophvllum gum was shown to have a methoxyl_conteﬁt; point

to this spot being due to a galactose/4 - 0 - methylglﬁcur@nic acid,
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possibly 6 - 0 - (4 - 0 - methyl ~PB - D - glucopyranosyluronic acid) -

D - galactose.
=

‘PREPARATION OF DEGRADED GUM A

C. erythrophyllum gum (9.2 g) was diaedlved-in_ 0.01N - sulphuric

acid (500 ml) and hydrolysed for 96 hours on a boiling water bath.

At intervals, portions (6 ml) vere withdrawn snd intrinsic viscosities

determined (see Figure V.B41). After 35 hours a “brown precipit&te

formed, possi‘bl_y due to denatufed protein. After 96 hours the

intrinsic viscosity had dropped from 102 ml/g;to-lesslthaa 1 nl/g

and the brown solution was concenttgted,' dialysed against -diefined

water (2 1) for 24 honfs then ageinst runmning tap water for a further

48 hours, and freéze—d,ried to give Degraded Gum A (1.8 g; yield 19.2%).
The Zlf;hour dialysate Qas'yellow colcured; 'aLfter concentration

to a syrup, the so].ution vas chromatographed in éoivez.:te (a), (b)

and (c)e & lérge émount of arai)inose was observed, with smaller

amounfs nf gelactose and rhamnose, and a trace of xylose. Major

components were also observed at R 0.87,_' solvent (a); 0.78,

" - golvent (b); and 0.86, solvent (c¢), (pink spot, suspected from its
Bgy valuss and colour to be an arabiuobicse); and at Ry, 0.37,
solvent (a); 0.27, solvent (b); and 0.3%, solvent (c), large diffuse

brown aspot). Also present was a component at R 0.26, solvent (a);

gal
0.16, s__olv_ent. (b); and 0.12, solvent (c); which from the low mobility
was proﬁably a triose or higher oligoséc(:hafide. Chromatograms run
':lxi so;vent (¢) alsc showed small amounts of a component with R el
1.15 (pink spo{:)', corresponding to 3 - O -P- L - arabinofursnosyl -
= arabinose. Those 'conpohents‘we‘r‘e not present in sufficient »

concentration to allow their characterisation. The two major
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.components, however, were isolated from Vhatman M papers run in
solvent (c). °

Component A, the suspected arabinobiose, had E“Ll) +112%,
Methylation with methyl iodide, N,N - dimethylformamide and silver
oxide, followed by methanolysis and g.l.c. showed the vresence of .
2y3,5 = tri - 0 - methyl - L - arabinose (T 0.56, 0.71, column (1);
0.5k, 0.36, column (2)); 2,3,4 = tri =0 = methyl'a_ - ai‘abinase
(T 0.97, colum (1); 1.01, column (2)); 2,3 - di -‘9; - methyl - L =
arabinose (T 1.68, columa (1); 1.54 cc)'lunm (2)); 2,5 - di - [
methyl - L - arabinose (T 1.21, 2.54, column (1); 1.92, 3.00,
ce.;olumn (2)) and 2,4 -di - 0 - methyl - L - arabinose (T 1.92,
column (1); 2.21 colum (2)). Theée resﬁts indicate thet |
Component A ies not a' simple arabinobiose.

Component B had [}L]D +36%, Hydroiysié with 28 - sulphuric
acid and chromatography in golvent (c) showed a small amount of
arabinose in addition to galactose. Methylation of component; B
by the Kuhn method followed by g.l.c. using column (2) ehowed

| 2,3,4,6 = tetra - 9_ = methyl = D = galactose, T 1.76 to be the

main 0 - methyl sugar present. Significant amounts of 2,3,6 = tri =
O - methyl - D - galactose, T 2.98, boal, 2,3,4 = tri = 0 = methyl -
- galactose, T 6.52 and 3,5 - di -0 = mefh&l -L- arabinose,

T 1.04, 2.32 Qere also present. This implies that component B is
also .complex; possibly being composed of two galactobioses and an

arabinofuranosyl - D - gaiactoee.

EXAMINATION OF DEGRADED GUM A

The brown colour of its solution made ths optical rotation of
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Degradod Gum A difficult to determine. However, by using dilote
solutions, the" gpecific rotation was found .to be 4536. The molecular"
weight, determined by light scattering, vas 3.2 x 101’; a low value |
such as this was indicated by the extensive structural fragmentation
ghown in the examination of the dialysate. from the preparation of

" Degraded Gum A. The equivalent weight, found by titration of the
free gum acid prepared by electrodialysis was 502, indicating a
uronic acid content of 35.1%.

Bydrolysis with 1N = sulphur:.c acid followed by chromatography
in solvents (b) and (c) indicated that galactose was the major
component, with,largo amounts of rheunrose and much smaller amounts
of arabinose. The ratio gal:aro:rha -was 10:3.7:5.k. Complete sugar
ratios are shown in Table VOBQ,G. Chromatcgraphy in solvent (c) also
showed the presence of the three ocidic fragments é.t R gol 0028,,

0.46 and 0.85 corresponding to 6 - 0 - (B = D - glucopyranosyluronic
acid) - D - galactose (major. component), 6 - 0 - (k-0 - methyl -
-D- .glucopyranosyluronic ocid) - D - galectose (minor oom'ponent) |
and 2 - Q= (=D~ galactopyranoeyluronic acid) - L - rhamnose
reepectively. The assignment of the spot at Rgal 0,‘#6' is based on
the fact that Degraded Gum A had a small methoxyl content.

| Partial acid hydrolysis with O.5N - sulphuric acid followed by
chromatography in solvents (b) and (c) showed one major component
(Rgai« 0.30, ‘solvent (b); 0.26, solvént (¢), brown spot), wvhich from
its R gal value and the detection of large amounts of 1,6 - linked'
galactose residues on methylation (see below), is almost certainly

6 - 0 -B- D - galactopyranosyl - D - galactose. A faint pink epot
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vas observed at R gal ™ 0.50 in both solvents indicating a galacto~
arabinobio?éo A faint brown spot R gal d_'33 solvent (c) was also found.

. Degraded. gum A (177 mg) was methylated to give a product (74 mg),
(Found: Eo(,l +39.6%; OMe 37.2%, not increased by further methylation).
A pqrtion of the product was methanolysed and the mixture of methyl
glycosides examined by g.l.c. The methanolysate was then hydrolysed
and the resulting syrup examined by paper chromatography in solvents
(e) and (). The O - methyl sugars identified are shown in Tsble V.By1.
The major components identified were 2,3,4,6 - tetra - and 2,3,4 - tri -

O - methyl - D - galactose, with substantial amounts of 2,3,5 =~ tri -

- arabinose, 2,3,6 - and 2,4,6 = tri - 0 - methyl - D~

8 B

0 - methyi -
galactose, 3 = 0 - methyl - L - :hamnbse and end-gz""oup glucurdni'c and
galacturonic acid. Chromatography of the hydrolysed methanolysate:
also showed the presence of a fairly substantial amount of 2 « Q-

methyl -~ D -~ galactose. T

e T 7 Vo

EXAMINATION AND METHYLATION OF C. ERYTHROPHYLLUM GUM

Hydrolysis‘of'the purified gum with 1N - sulphuric acid confirmed
the ratio of galactosé:arabinose:rhamnose (10:26.1:7.4) found in the
analyticai study. Partial acid hydrolysis with 0.5N = sulphuric acid
followed by chrematography in solvent (S) indicated large amounts of
galactose and arabinose, smallef.amounts of rhamnoae; tvo major |
components at-Rsal 0.90 (pink_spot), and Rgal 0.26 (brown spot) and-

- a minor component at R gal 0.43 (brown spot). The major component

at R gl 0.90 is an arabihobiose of some sort and fhe component at

: Rgal 0.26 would be 6 = 0 -p- D - galactopyranosyj. - D - galactose.



O - METHYL SUGARS IDENTIFIED IN METHYLATED DEGRADED GﬁH A

Relative retention
- tine (T) of methyl

Rg after hjdrolysis

a%

glycosides® O - methyl suggr Rz;g:iz: ’
Column (1) Column (2) solvent (e) solvent (£)
© 0.51 0.46 0.98 1.01 - 2,),h-trido-me»nyl-L—rhamnoae 1
0.69,1.04 = 0.73,(1.01) 0.85 0.68 3,#odi-o-methyl-Lorhamnose 1.5
3.326 3.3h4 0.65 0.29 B—O-methyl-L-rhamnose 3
0.58,{0.69) 0.56,(0.73)  ~ 0.98 1.01 2,3, 5-trx-O-methyl-L-arabinose. 2
0.93 (1.01) 0.85 \ 0f.78 2, 3,L+-tm.-o-methy1-1.-arabinose 0.5
1.86 ‘ 1.43 0.85 ' 0.78 2,3-d3 -0-methyl—L-arab1nose 1
1.58 1.67 0.91 - 0.82 2,34, G-tetra-o-methy1-D-ga1actose 10
(2.88),(3.87)  (2.83),(4.24) 0.75 . 0.48 2, 3,G-tri-o-methyl-D-galactose -4
(3.36),(3.87) 3.78, (h.24) 0.75 O.Lub . 2,4 6—tr1-0~metnyl-D-galactose 4
6.35 62 C.75 " 0433 2,3, 4—tr1~0~methyl-D-galactose 10
7.15 9.30 0.54 0.20 2, 6-d1-0-methy1-D-galactose trace
110,133,145 12.5,14.4,15.4 0.54 0.44 2, 3—di-0-methyl-D-galactose 1
2.24,(2.88) 2.32,(2.83) - - 2, 3,4-tri-o-methy1-n-glucuronic acid** 3
Lok k.73 - - 2,;,4—tri-O-methylcn-galacturonic acid** 1.5
2653 257 unknown component 1

®

figures in parenthesis indicate T values of components wvhich are not completely resolved

**  gag methyl ester methyl glycoside

*** fhis is only a very rough estimate due to incomplete resolution of the majority of the components

14"



123,

Co erythrophyllum gum (315 mg) vas methylated to give a product

(207 mg), (found: Eo(,]D - 58.9%, OMe 36.9%). The O ~ methyl sugars
identified are shown in Table V.B,2. Hydrolyeis of the methanolysate
followed by chi‘omatq@aphy in solvents (e) and (£) showed the presence

of fairly subétantiél amounis of 2 - 0 = methyl - D - galactose in
addition to the methyl glicosides identified. The major component
identified was 2+3,5 = tri - 0 - methyul - !‘, - arabinose, with 2,3 = .
di - 0 - methyl ~- - rhamnose and 2,3,4,6 - tetra - 0 = Lethyl - D -

galactose also present in large emounts. -

PREPARATION AND FXAMINATION OF FOLYSACCHARIDE I

Preliminary, small-scale experiments established that 0.125M -

sodium metaperiodate solution and oxidation time of 48 hours were

requiréd for a Smith degradation of Combretum erythrophyllua gunm.

C. erythrophyllum gum (41.5 g) wae dissolved in distilled
vater (1125 ml) and 0.25H - sodium metaperiodafe solution (1125 ml)
added. Oxidation Qas carried out in darkness at room temperatu:e
- and the reaction was followed by-measuring the :elease of formic
acid with time (figure V.B,2). After 43 hours, 5.84 m moles
periodate/g polysaccharide had been reduced and 1.8 m moles formic
acid/g polysaccharide releaged. The reaction vas stopped by the
addition of ethylene glycol (22.1 ml), and the solution was dialysed
against runnjng tap water for 2 days. Sodium borohydride (13.3 g)
vas added and the mixture kept at room temperature for 30 hours,
then dialysed for 2 days. The solution wae made'1m with réepeqt to

sulphuric acid, and the polyalcohol was hydrolysed for 43 hours at



|  TABLE V.Bs2.
O - METHYL SUGARS IDENTIFIED IN METHYLATED C. ERYTEROFHYLLUM GUM

Relative retention

time (T) of methyl R_ after hydrolysis , : : : e
glycosides® gt RO O - methyl sugar Relative
Column (1) Column (2) solvent (e) .solvent (£f)
0.47 0.46 0.97 0.99 2,),h-trz-O-methyl-L-rhamnose 1
(0.68),1.02 (0.73),(1.00) 0.86 0.59 3,u-d.-o-methyl-Lorhamnose 2
3.2k 3.26 . 0.62 0.27 3—0-methy1—L-rhamnose 1.5
0.55,(0.68) (0.56),(0.73) 0.97 0.99 2,3, 5~tri-O-methyl-L-arabinose 10
0.94 - (1.00) 0.86 0.80 2, 3,Q-tri-o-methyl-L~arabinose 1.5
1.15,(2.34) 1.16,(2.38) 0.83 0.80 3, 5-di-0-methy1—L~arabino3e 1
1.45 (1.89) 0.83 0.80 2, 5-d1-0-methyl-L~arab1nose 1.5
1.85 1.53 0.83 0.80 2, 3—d1-0-methyl-L~arab1nose 3.5
1.60 1.79 0.89 Cc.84 2,3,4, 6-tetra-0-methyl-D-galactose b
2.60,3.79 (3.26),4.32 0,74 0.48 2,3, 6-tr1-0-methyl-D-galactose 1
6.0k 6.85 0.74 0.35 2, 3,4—tri-0=methyl-D-galactose 0.5
(10.7),13.8,15.0 (12.9),15.0,15.9  0.56 0.1k 2,3-d1-0-methyl-D-galactose 1.5
. (2.34),2.96 (2.38),(3.26) - - 2, 3,h»tri-o-methvl-D-glucuronic acid** 0.5
7.10,8.32 7.40,8.60 - - 2, 3—di-0-methyl-D-glucuronlc acid** 1
L.63 Lok - - 2,3,Q-trl-o-methyl-D-galacturonlc acid** 0.5
(10.7) o (12.9) - - 2, 3-d1-97methylfgrgalacturonlc acid** 1.5
. figures in pérenthesis indicate T values of compcnents which are not completely resolved

** as methyl ester methyl glycoside

**?  this is only'a very rough estimate due to incomplete resolution of the majority of the components

4zl
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room temperature. A portion of thié solution (1/10 of total volume)
was neutralised with barium carbonate, filtered, dialysed against
distilled water (4 1) for 24 hours and against running tap w;ater
for 2 days, then mixed with the main poition of the solution, which )
had been dialysed against running tap water for 3 days. Polysaccharide I
vas isolated as the freeze-dried product (13.4 g; yield 32%).

The dialysate obtained after the“ hydrolysis stage in the prepars-
tion vas concentrated, deionised with Amberlite IR - 120 (H) resin
and éoncentrated to a syrup. Paper chromatography in aolvente (b)

“and (e) indicated the presence of lerge amounts of arabinose

. [:RF 9.32 solvent (b), 0.19 solvent (c) (pink spot) :], with glycersl
E ma jor ‘component:o RF 0.50 solvent (b), C.37 sclvent (e) (brown
spot) ], threitol in smaller amounts [ R, 0.41 soivent (b), 0.30
solvent ‘(e). (yellow spot) ] and a small amouﬁt of ethylene glycol

C Ry, 0056 solvent (t;), 0.46 solvent (e) (light brown epot) s
Chroinatograms sprayed with silver nitrate and permanganate aleo
showed traces of glycolaldehyde [ Ry 0.63 solvent (b}, 0.58

~ solvent (e) . A '

Polysaccharide I was found to have E:Ll - 25.1° and molecular
we:lght 4.2 x 10° (light scattering) which corresponds well with the
32% yield from the gum itself. Hydrolysis with sulphuric acid
(2N = ), fbllowed‘ by chromatography in solvents (b), (¢) and (g)
‘shoved the prescnce of galactose, arabirose end a significant amount
of rhamnose as. well as galzcturonic acid, glucuronic acid and glucurono
- 6,3 lactone. The ratio gel:ara:rha was 10:11.%4:5.5. Hydrolysis
(1N = ) followed by chromatography in solvent (c) revesled the two

major aldobiuronic ecids, 6 - O = (‘3 = D = glucopyranosyluronic acid)
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- D - galactose and 2 = 0 - (- D - galacturonosyluronic acid) =
3." ranamnose in addition to a minor spot at Rgal 0.49, but again this

component was not preéent in sufficient quantity to sllow its isolation
and identification.

A suaple of Polysaccharide I was electrodialysed. The eguivalent
veight was 725 indicating a uronic acid content of 23.9% (almost the
same as that of the gum itself). Using this figire end detormining
the uronic acid ratios, the complete sugar content of Polysaccharide I
vas caloulated as shown in Table B.V,6.

Partial acid hydrolysis of Polysaccharide I with O0.5N - sulphuric .
acid folloved by chromatography in solvents (b) and (c) chowed two
najor comporncnts having Rg ol 0.27 in both solvents (brown spot) end
Rgal 0.90, soivent (b); 0.85, solvent (c) (reddiah/brown spot)
indicating 6 - O -p - D = galactopyranosyl - D - galactose and an
arabinobicse compenent regpectively. A minor component at R gal
0.44, solvent (b); 0.41, solvent (c) (brown spot) was also prement.

Polysaccharide I (262 mg) was methylated to give a product
| (1'55 mg), (Found: EaLjD - 7.5°, OMe 37.8%). A portion of the
product wéos methanolys'ed and the mixture of methyl glycosides
examined by g.l.c.' The methanolysate was then hydrolysed and the
resulting syrup examined by paper chromatography in solveants (e)
and (£). The O - methyl sugars identified are shown in Table V.By3.
The major component found wes 2,3,5 - tri = O - methyl - ,5; = arebinose.
No end-group rhammose was found although 2,3 = di = and 3 = O - methyl
rhamnose were present. Large amounts of ondegroup. galactose,

galacturonic acid and glucuronic acid were also found together with
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TABLE V.Bg5.

METHYL SUGARS IDENTIFIED .IN METHYLATED POLYSACCHARIDE I

Relative retention
time (T) of methyl

Rg.after hydrolysis

ted
glycosides® O = methyl sugar R:i::i:e
Column (1) = Column (2) solvent (e) solvent (f)

(0.66),(1.02)  (0.75),(1.08) 0.86 0.61 3,#—di-grmethyl-ﬁrrhamnose 2
' 3.h42 . 3.6 0.63 0.2k - 3-0-methyl-L-rhamnose L
0.54,(0.66) 0.59,(0.75) 0.95 0.99 2, 3,Sotrx-O-methy1~L-arab1nose 10
0.92 (1.08) 0.83 0.81 2, 3,4—w1-0~methy1-1,«-arabinosa 1
1016,2.33 (1.08),(2.44) : 0.83 0.81 3,5-d;.-0-met‘1yl-L-a.rabinose 2
1.84 1.59 0.83 0.81 2, )-d1~0~m@thyl-L—arabinose 3

1.64 1.76 0.89 " 0.85 2,3,4 6—tetra-0-methy1-D-galactose 5 .
(2.50),(3.97)  (3.04), (4.32) 0.7 0.43 2,3, 8=tri-0-methyl-D-galactose 4
5e63,(3.97) 3.97,(4.32) 0.74 O.hh . 2,k,6-tri-Q-methyl-D-galactose L
6,42 6.61 0.74 0.35 2,3, betri-D-metnyl-D-galactose 1
1342,1561,16.3  12.9,15.0,16.1 0.54 0.15 2, 3-di-0-methyl-D-galactose 1
2.58,(2.90)  .(2.44),(3.04) - - 2,3, 4~tri-0-mothyl-D-glucuronic acid*® 3
hoz4 5.02 - - 2,3, b=tri-Q-methyl-D-galacturonic acid** 2

* figures in pérenthesia indicate T values of components which are not complete‘resolved
**  ag methyl ester methyl glycoside

***  ¢his is only a very rough estimate due to incomplete resolution of the majority of the components

4%
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2,3,6 -, 2,4,6 = and 2,3,4 = tri = O - mothyl - D - galactose and

2,3 =di -« 0 - methyl - EI; - arabinose. 3,5 «Di -0 =~ mef:hyl - g -
arabinose was also-preeent in significant amounts. Chromatography |
in solvents (e) and (£) also showed the presence of a small amount

of 2 - 0 - methyl -~ D ~ galactose in addition to the O - methyl

sugars already identified. -

PREPARATION AND EXAMINATION OF POLYSACCHARIDE II

Preliminary, small-scale experiments established that a 6.125M -
sodium metéperiodate‘solution and oxidation time of 48 hours were
required for polysaccharide I.

Polysaccharide I (11.3 g) was oxidised in darkness for 48 hours
after which:timé 6.73 m moles periodate/g polysaccharide had been
reduced ‘and 1.1 m moles formic acid/g polysaccharide released.
Addition of ethylene glycol (6.8 ml) stopped the reaction and after
dialysis against running tap water for 2 dajs the solution was
reduced with sodium borohydride (3.9 g) for 30 hours, dialysed, made

. . N with respect to sulphuric acid,. then hydrolysed for 2 days. During

this hydrolysis, & white precipitate fermed and settled on the>bottoﬁ
6f the container. The supernatant was decanted off and freeze-dried
to give Polysaccharide II (3.3 g, yield 29.2%). o
Polysaccharide II ( [}, 0°) vas hydrolysed with 2N - sulphuric
acid for 7.5 hours. ‘Chromatbgraphy in solvenf-(g) ghowed that no.
uronic acid was present. Hydrolysis with 1N - gulphuric acid,
followed by chromatography in solvents (b) and (c) showed that
Polyaacchari&e ;I containgd large amounts of galactose and rhamnose

as vell as smaller amounts of arabinose and a component running between
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galactose and arabinose in solvent (c) (yeilow/broun spot) and

with arabinose in sclvent (b) (giving the pink arabinose spot a
yellow co}ouration)o Another chrematogram was run in solvent (c);
instead of developing with aniline oxalate, the chromatogram wasg
gprayed with glucose oxidase reagent (see Section IV). A negative
result was obtained; the component was therefore not glucose. Tests
with mannose showed it to behave chromatographically in the same way
a3 the unlmowm compoﬁent. Also certain subsequent methanolysates
(see later) showed a éomponent, T 1.42, colums (1) and (2) which is
attributed to 2,3,4,6 - tetra - 0 - methyl - D - mannoge. However
there was not enough starting materigl to carry out a large-scale
hydfolyaia té isolate the component end characterise it positively.
The ratio gal:mann (?):ara:rha wee 10:5.3:7.5:15.0,

Polysaccharide IT was methylated by the Havorth method but on
pouring the chloroform syrup into petrol ether (6C-80) only a cloud-
iness was obtained. Another three atiempts aéhieved the same result.
The foﬁr solutions were therefore allowed to evaporate after which
the fins whité residue vag dissolved in methancl aﬁd'a~Purdie
methylation carried out. Instead of pouring the chloroform syrup
into pet;ol ather agein, the solution waas evapofated to dryness,
methanolic HCl added, and mothemolysis carried out im the normal WaY o
The methanolysate was examined by g.l.c. and the methyl glycosides
identified are chown in Table V.B,4. Hydrolysis of the methanoiysate,
followed by chromatography in solvents (e) and (f) shcwed.the presence
of small amounts 0f 2 = O - wethyl ~ D - gaiactose.

Unfortunately, these methylation attempté uéed up so much material

that insufficient polysaccharide remaired for a partial acid hydrolyeis



TABLE V.Ba4.

= METHY% SUGARS IDENTIFIED IN METHYLATED POLYSACCHARIDES IT AND III

Relative retention : : Relative - Amount
time (T) of methyl R _ after hydrolysis ‘ ‘ C -
glycosides } & 0 - methyl sugar : Polysacc- Polysacc-
. ‘ ' A haride haride
Column (1) Column (2) solvent (e) solvent (f) S II- 11T
0.48 0.49 C0.93 0.99 2,3, b=tri-O~-methyl ~L-rhamnose 5 2
(0.68),1.06 (0.72),1.02 0.80 0.66 3, t=di-0-methyl-L-rhamnose 3 -
(3.52) (3.33) 0.62 0.28 3-0~methy1-L=rhamnose 1.5 ?
. 0.57,(0.68) 0.58,(0.72) . 0.93 0.99 2,3, S-trL-O-methylaLearab1nose 2 3
0.97 1,02 0.80 0.81 2, 3,#—trm-O-methyl-L-arablnose " 1.5 : 1.5
- 1.16,2.00 1.17,2.08 0.80 0.81 3, 5—di-0mmethyl-L-arabinose - 1.5 b
1.89 (1.43) 0.80 0.81 2, B-dl-O»methyl-L—arablnose 2 b
1.59 1,66 0.86 0.85 2,3,k, 6~tetraaO-methyl-Dwgalactose 10 10
2.96,(3.97) 2.86,4.08 0.71 0.46 2,3,6~-tri-O-methyl-D-galactose 9 2 -
(3.52),(3.97) - 3.74,4.0 0671 s Ool2 2,4 6-tri—0-methyl-D-galactose 0.5 -
6.57 6.12 . 0.71 0.33 2, 3,4-tri-Oumethyl-D-galactose : 1. 0.5
0 13.0,15.1,16.3 12.9,15.0,16.4 0.48 0613 2, Q-dldﬁnmethyl-D-galactose ' 1.5 ¢trace
(1.42) (1.43) 0.86 0.95 2,3,k, 6~fetra—O-methyl-D~mannose 1 ?

(3.52) (3.33) 0.80 10.66 2,4,6-tri-O-methyl-D-mannose. 2.5 5

*0zL
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‘or molecular weight determination.

PREPARATION AND EXAMINATION OF POLYSACCHARIDE III

Polysaccharide II vas oxidised with sodium metaperiodate in the
normal waye. After 72 hours 5.4 m moles periodate,/s polysaccharide
had been reduced and 2.66 m moles formic acid/g polysaccharide
released. -Polysaccharide III was obtained a8 the freeze-aried
product {188 mg, yield 7.2%). The very low yield is indlcat:.ve of
extensive st.ructural»' degraé.ation of Polysacchar:.de II.

Polysaccharide III was hydrolysed with 1IN =« eulphvr:.c acid.
Chroma»ogrwohy of the hydrolysate in solvents (b) end (c) showed the
presence of galactose, smaller amounts of arabinose and xhamnose,
and the suspected mannose. as the ma:jor component, |

Polysaccharide III wag methylated in a simlar manner %o
Polysaccharide II. Methanolysis followed by gel.c. gave the mixture
‘of methyl glycosides shown in Table V.By4. The main components
found were 2,3;4,6 - tetra - 0 =~ métiiyl - D - galactose, 3,5 - and
2,3 = di = 0 - methyl = L - arabinose and 2,4,6 = tri - 0.~ methyl -
2 = mannosgea Chromatogr:aphy of the ﬁydrolysed methanolysate in |
solvents (e) and (£) shoved a tra;efamount of 2 = 0 = methyl = D -
galactose. |

These results show Polyéacchgrid_e TIII to be very complex, which
is most unut;ual gince it is sﬁch a small part of the originsl mole-~
cule. An unusual feaﬁure of the methylation pattern is the large
proportion-of end-groups compared with the small amount of 2,3 - di
O -~ methyl = D - galactose vhich is the only branching residue=type

present,
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PREPARATIOR OF DEGRADED GUM B - AUTOHYDROLYSIS PRODUCT

Purified gum (9.2 g) was dissolved in distilled vater (500 ml)
and hydrolysed on a boiling water-bath for 100 hours, during which
time the intrinsic viscosity fell from 102 ml/g to 4 ml/g (see
figure V.By1). At various time intervals, samples were withdrawn
from the solution and_chrbmtograph_ed in éolventa (b) and (c). After
53 hours, some arabinose was observed together with a susjected
arabinobj.ose (R gal 0.81, solvent (c), pink spot). The amounts of these
two components increased with time up to 100 hours, by which time some
3-0 -ﬁ- L - arabinofuranosyl - L - arabinose (R gal 1.13, solvent
(c), pink spot) and a trace amount of rhanmosevwere'aiso found.

After 100 hours, the solution was neutralised, filtered, deionised
with Amberlite IR = 120 (H ) resin, then concentrated and dialysed
against running tap water for 72 hours. After re-filtration, -.
Degraded Gum B vas obtained as the freeze-dried prodqct 4.73 g,
Field 51%). ) ' | |

Degraded Gum B had EeLl - 22° and molecular weight 2.7 x ‘105
' (1ight scattering). An' equivalent weight of 732 indicated a uronic
acid content of 23.4%. ‘The ratio gal:ara:rhﬁ vas 10:22.'/:5.é, vhich .
does not vary mch from that of the gum itself. Chromatosraphy of a
¥ = hydrolysate, fqllowed by chromatography in solvent (c) showed
the presence of the three aldobiuronic acid componenf.g described
previously. Partial acid hydrolysis with O.5N - gulphurié acid
‘ shgwed three major biose components (R gal 0.83, solvent (b); 0.86,
soivent (¢), pink spot - arabinobiose), (R gal 0.43, solvents (b) and
(c), brown spot) and (Rgal 0.25, solvent (b); 0.27, solvent (c),

brown spot), the latter being 6 = 0 -ﬁ- D - galactopyranosyl - D -

galactose.
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Degraded Gum B (257 mg) was meth&lated to give a producé (162 mg),
(found: [;L:L +9.0°%; OMe 36.4%). Methanolysis follo&ed by gel.c. |
showed a similar O - methyl glycoside.pattern to that obtained from
the gun itself with 2,3,5 = tri = O - methyl - L ~ arabinose being
by far the major component. Large amounts of 2,3,4,6 - tetra - 0 =
methyl - D - galactose, 2,3 - di « O - methyl -~ L - arabinose snd
3 = 0 - methyl = L - rhamnose were ale§ found. Slightly larger amounts
of end—group'éalacturOnic acid and'glucuroniq acid than in the

moethylated gum itself were also found.

PREPARATION AND EXAMINATION OF DEGRADED GUH C

A large-scale autohydroiysis was carried out on C. erythrophyllum
gun to give an amount of Degraded Gum B suiiable for further degrada-
_ tion studies. Preliminary smali—scaie experiments establishe@_that a
0.1254 - sodium metaperiodate solution and an oxidation time of 48
hours wure required for Degraded Gum B. |

Degraded Gum B (32.8 g) was éissolved in distilled %ater (900 ml)

and 0.25M - sodium metaperiodate solution (900 ml) wae added.
Oxidation was carried out for 48 hours after which time 8.75 m moles
periodate/g polysaccharide had been reduced and 1.65 m moles formic
acid/g pslysacéharide released. Ethylene giycol (17.2 ml) was added
to stop the reaction and fhe solution diaslysed for 2 days. Sodium
borohydride (10.6 g) was added, the solution left for 30 hours,
dialyéed for 2 days and made 1IN with respect to sulphuric acid.
After leaving the solutior for a further 2 days a whitich precipitate
had formed, which i gimilar to what happened in the preparation of

Polysaccharide JI. The precipitete was filtered off, the solutibn
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. dialysed for 2 daysc and Degraded Gum C was ébtained as the freéze-’
dried product (12.5 g, yield 38%). |
Degraded Gum C had [oL]) -9.5° and molecular weight 3.13 x 10"
(light scattering). An equivalent weight of 1073 indicated a uronic
aéid content of 16.4%. Hydrolysic with 2N - salpkuric acid followe&
by chromatography in solvent (g) showed the presence of glucuronic
acid and galacturonic acid. Hydrolysis with N - gulphuric acid
shoved the thrée aldobiuronic gcid components and'gave the ratio
gal:ara:rhé as 10:11.1:4.9 (this compares with the ratio for
‘ Polysaccharide I). Partial acid hydrclysis with O.5N = sulphurié
acid followed by chromatography in solvents (b) end (c¢) shoved
6 -0-p-D - galactopyranosyl - D - galactose (Rg ) 025 solvent
(b); 0.27, solvent (c), brown spot) as the wajor biose component.
Degraded Gum C was methylated in the normal way, but, as in the
cage of Polysaécharide II, the methylated polysaccharicde would not
precipitate in petrol ether (60-80). Because of tnis, methylation
and subsequent methanolysis were carried out in the eame ﬁay as
for Polysaccharide II. The methyl glycosides were examined by
golo?o and are shown in Table V.By5. Hydrolysis of the.methanolysate,
followed by chromatography in solvents (e) and (£) ahowed tho
presence of & small &mount of 2 = 0 - methyl - D - galactose in

addition to the methyl glycosides identified from g.l.c.

PREPARATION AND EXAMINATION OF DEGRADED GUM D

Degraded Gum C (9.9 g) was oxidised with sodium metaperiodato
solution (G.125M ~ ) for 72 hours after which time 9.% m moles

periodate/g polysaccharide had been reduced and 3,7 B wolee .formic



TABLE V.B,45.
O - METHYL SUGARS IDENTIFIED IN METHYLATED DEGRADED GUM c

Relative retention

time (T) of methyl R_ after olysis ‘ ' o .o
glycosides® ? | & i ? QO - methyl sugar R:;izize
Column (1) Column (2) solvent (e) solvent (£)
0.47 0.45 ' 0.97 1.00. 2,3, 4=tri-0-methyl-L-rhamnose 1
0.68,1.00 0.72,(0.98) = 0.85 0.66 3,4-di-O-methyl-L-rhamnose - 2
(3.46) 3.36 - 0.67 - 0.29 3-0-methyl-L-rhamnose L
0.56,0.68 0.56,0.72 0.97 ‘ 1.00 243,5=tri-0-methyl-L-arabinose 10
0.91 (0.98) 0.85 S 0.77 2,3, b=tri-O-methyl-L-arabinose 1
1.46  (1.69) 0.85 0.77 2, 5-dlao-methjl-L-arabinose 1
1.89 1.42 0.85 0.77 2, 3-d1~0-methyl-L~arab1nose 1.5
1.59 (1.69) : 0.90 - 0.82 2,3,4, 6-tetra-O-methyl-D-galactose S
(2.81),(3.94) (2.86),(4.24) 0.77 0.47 2,3,6—tr1—0-methy1~D-galactose 5
(3.46),(3.98)  3.84,(4.24) 0.77 0.h42 2,k4, 6-tr1—0-methyl—D-galactose L
~ 6.53 6.7 o 0.77 0.37 2,3, L-tn«o-methyl-n-galactose 3
9.46 9.22 0.56 0.20 2,6-di-0-methyl-D-galactose trace
13.2,15+1,16.3 13.4,15.3,16.8 0.56 0.12 2,3—di-O-methyl—D-galactose 1.5
2.58,(2.81) 2,38,(2.86) - - 2,3, b=tri-0-methyl-D-glucuronic acid** 1.5
4.63 4.78 - - © 2,3,4-tri-O-methyl-D-galacturonic acid®* 1

* figures in parenthesis indicate T values of components which are not completely resolved
** as methyl ester methyl glycoside '

tR®

this'is only a rough cstimate due to incomplete resolution of the majority of the components

K<)
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acid/g formic acid/g polysaccharide released. The solution was
treated in the normal way for a Smith degradation and Degraded
Gun D was obtained as the freeze-dried product, (0.55 g, yield 6%).
Degraded Gum D had [4,1 +13° and & molecular weight (Fn) of
213 x 103 found by end-group analysis. Hydrolysis with 2N - sulphuric
acid followed by chromatography in solvents (b) and (c) showed that
galactose was the main component along with arabinose and large
amounts of rhammose. Chromatography ir solvent (c) showed the
presence of a substantisl amount of.mannose also.l The ratic gal:
ara:menn:rhe was 10:5.1:2.8:6.9. Table V.By5 shows the perceﬁtage
of pvgars present in Degraded Cum D and all the other degradation

products of C. erythrophyllium gum.

| Degraded Gum D was methylated in the sawe way as P@lgsacchariéé
II. Methanalyeis followed by g.l.c. on coluun (1) showed thsat the
major component was 2,3,4,6 = tetra - 0 = methyl = D - galactome

(T 1.58). Largje.amounts of 2,3, = tri =, 3,4 = di = 0 - methyl = |
E.‘, ~ rhamnose, 2,3,6 = tri - and 2,3 = di = Q0 ~ methyl =D - galactbse,'
2434 = tri - and 2,5 = and 2,3 - di - QO - methyl - L ~ arsbinose
were also present along with a smail'amount of 2,34t = tri =0 =
methyl = }_?, - galactose. A small amount of end-group mamnose (T 4G.42)
was confifmed chibmatbgraphically in solvent (f) (Rgal 0.97), and &
component (T 2.66) iz thought to be 3,4,6 - tri = 0 - methyl = D -
mannose. The large component (T 3.48) is thought to be a mixture of
2 = 0 - methyl < L - rhamnose and 2,4,6 - tri ~ 0 - methyl - D ~
mannose; the latter may be preseﬁt in small amouﬁts in all of the

methanolysates.



SUGAR CONTENT OF C. ERYTHROPHYLLUM
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TABLE V.Bs6.

AND ITS DEGRADATION PRODUCTS

gal. ara. rha. mann. gal.A. glu.h. Eob:l)

Polysaccharide
degrees
C. erythrophyllm 27 33 16 - ‘8 1 4 -57
gun - . )
 Polysaccharide I 32 24 20 - M .12 =25
Polysaccharide II 27 18 k1 14 - - 0
Polysaccharide I1I ‘26. 20 23 }i - - n.d.
- Degraded gum A 3 6 2;1, - 1% 22 +53
Degraded gum B 0 33 W - 7 16 w22
Degradéd guua C 37 29 18 - 6 10 =10
Degx'aded gum D Lo 2;1 28 41 - - +13

n.de = not done
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TFigare V.B42,shows the formic acid released with time on

periodate oxidation of C. erythrophyllum gum and its degradation

products.

V.B.4. DISCUSSION

C. erythrophyllum gum contains galactose (27%), arabinose (33%),

rhammose (16%) and uronic acid (24%). The uronic acid content con-
sisted of glucuronic acid, galacturonic acid, % - 0 = methylglucuronic
acid aﬁd gilucurono = 6,3 - lactone, with glucuronic acid being the
najor acidic sugar preéento

ﬁydrolysis with 1N = sulphuric acid fdllowed by chromatography
in solvent (c) indicated the pressnce of thrse aldobiuronic acids st
R '0088, 0.48, and 0.28. The comporent at R

gal gal
major component, was chromatographically indistinguishable from

0.28, vhich was ithe

6 -0 = (?- D - glucopyranosyluronic scid) - D - galactose. Its
Eo!.,_:&) value and hydrolysis experiments showed that the component ig
in fact 6 = 0 = (p -D - glucopyranosyluronic acid) - D - galactose.

- The componenﬁ at R gal 0°v88 gave a yellow spot colouration with aniline
oxalate spray reagent. Hydrolysis experiments indicated that this
aldobiuronic acid containéd rhamnose and galacturonic acid which
together with the Eobl) value found indicates that this component

iz 2 = 0 - (L~ D - galactopyranosyluronic acid) = L = rhamnose, which
has been found and characterised by Aspinsll and Bhavanandan in

C. lconensc gum. The third component, Rgal 0.48, was not present in
sufficient amount to allow its characterisation, but from its R

gal
value, and the fact that C. erythrophyllum gum has a emall methoxyl

content, this trace aldobiuronic acid may be 6 - 0 - (4 - 0 = methyl

=B~ D - glucuronosyluronic acid) - D - galactose.



FORMIZ ACID RELEASED (m moles/ga) WITH TIME (HOURS) ON PERIODATE OXIDATION
- OF. C, ERYTHROPHYLLUM GUM AND ITS DEORADATION PRODUCTS.

4o |
: » Degraded Gun C (o)
—e ) 4
x Degraded Gum B (x) o Polysaccharide II (&)
o

o Se.Srvthrophyllim gum ()

x Polysaccharide I (x) _-

5 tine {hours)
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C. erythrophyllum gum was methylated. Methanolysis folloved by

geleco examination showed the presence of large amounts of end-group
arabipofuranose~and galactose residues. Small amounts of end-group
srabinopyranose, rhamnose and uronic acid were also present. 2,3 -

Di = O = methyl - L - arabinose was present in substantial amounts in
addition to smaller amounts of 2,5 -~ and 3,5 = di =« 0 -~ methyl = L =
arabinose. In addition to 3,4 = di - and 3 = 0 - methyl -L- rhamnoée
substant1al amounts of 2,3 - di - 0 = methyl glucuronic and galacturonic
acid were present indicating intra-chain uronic acid residues linked

in thg k.position to end-group rhammose, arabinose or galactose.

2,3 =Di -0 - methyl = D - galactose and 5 ~ 0 - methyl - L - ':hamose‘.
were the only hranch-point residues cbserved. The 2 = 0 - methyl =- g

- galéctaee may be due to undernethylation or may indicate galactose
linked in the 1=, 3~, 4= and 6- positions as has been postulated for

C. leonenge by Aspinall and Bhavanandan159

Hydrolysis of C. erythrophyllum gum with 0.01N = sulphuric acid

for 96 hours on a boiling water bath gave Degraded Gum A. The
 distilled-water dialysate from the prepération of Degraded Gua A was
concentrated and examined by chromatography. Small amounts of gala-
ctose and rhamnose were observed together with large amounts of
arabinose'ang two major components (Rgal 0.86, so}vent (¢); pink spot)
and (Rgal 0.34, solvent (c), large diffuée broun spot). The two major
biose components were eluted from Whatman 3MM papers and examined by

hydrolysis and methanolysis. Fraction (a), (R 0.86) waich contained

gal
only arabinose, was a mixture of arabinobiose components. Fraction (b)
(Rgal 0.34), which contained a small amount of arabinose in addition

to galactose was alse very complex, containing two galactobloses and

a pugpected arabinosyl-galactcebiose.



140.

Degraded Gum A contained 'gala.ctoée, rhamnose and a small smount
of arabinose in addition to a large qmount of urenic acid, which
is as expected, since C.01N =~ hydrolysis does not break uronoéyl
-1inkages. Partial acid hydrolysis showed 6 = O »P-— D - gelacto-
pyranosyl « D = galactose to be the major biose present, a fact
confirmed by the presence of large amounts of. 2y34 - tri -0 =
methyl - D = galactose in the methanolysate of Degraded Gum A. The
methanolysate'.also showed large amounts of end-group galactose,
arabinofuranose, rhamnose,- glucuronic and galécturonic acid.

245 = Di -~ 0 - methyl - .& ~ arabinose indicated the presence of
intra«cﬁain arabinose, and intra-éhain rhamnose was aleo indicated

by 3,44 = éi - and 3, = 0 = methyl < L ~ rhamrose.

- @¢ erythrophyllum gum was Smith degraded to give Polysaccharide I

which contained galactose, arabinose and rhamnose in large amounts
and uronic acid (24%). A similer uronic acid content to the gum
iteelf indicates that some uronic acid is end-@ouﬁ in the gum
iteelf but most of it is intra-chain. Polysaccharide I coantained
the same three aldobiuronic acid con;z;_oonente és the gum itgelf,
Methylation of Polysaccharide I showed largs amounts of end-

group galactose and arabinbfuranose in addition to end-group
glucuronic and galacturonic acide 2,3 = Di = 0 ~ methyl ~ L ~
arabinose vwas the ﬁajor di = 0 - methyl arabinose found, with
" smaller amounts of 3,5 - di = Q - methyl -~ L = arabinose, but no
2,4 - or 2,5 = di = 0 - methyl - L - arabirose \45.3 found showing
that Poiysaccharide I does not contain any 3 -~ O "B; arabinosyl -
é - arsbinose. The 7 = 0 - methyl - & -~ rhamnose and 2,3 = di = 0 = .

methyl - g - galactose are indicative of chain branch points.
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A Smith degradation of Polysacchai'ide I gave Polysaccharide 1T
wvhich had rham’nbse as its majc?r sugar. Galactose and arsbinose were
also pregent together with a substantial amount of a component behaving
chromatographically like mannose. No uronic acid was preéente The
presence of another neutral sugar in fhe latter stages of a Smifh
degradation study is very unus\ial and opens speculation as ‘to the
location of the mannose in the gum structnre. Two possible thearies
are:- (a) it is present in a very smal] amount in the gum but attached
to uronic acid, thus not appearing in a 1N = hydrolysato_ until all the
uronic acid has bsen removed; (b) mannose is in the central core of the
gun structure and is protected from hydrolysie until a great deal of
the peripheral material has been removedo Mannose, however, is only
postulated on chromatographic evidence, insufficient ma.*‘eriai was |
available to allow its isolation and 1dentif1catlono ’ o

Pclysaccharide II was methylated and gol.cC. exam:mation of the
methanolysate showed the main components to be end-group rhamncse
and galactose as well as end-group arabinose (furanose and pyranose).
.34 = Di = 0 = methyl = g - rhemnose, 3,5 = and 2,3 = di = 0 - methyl -
L - arabinose and 2,3,6 - and 2,3,4 = tri = 0 = methyl = D 'gala.ctose
were also present in substantial amounts. 2;3 - Di =0 - methyl - ,9., -
galactose and 3 = 0 «~ methyl = g‘,; - fhamnose are the only branch-point
residues found. 2,4,6 ~ Tri = O - metkyl -~ D - marnose is thought to
be present but unfortunately this has approximately the same T §alue
ag 3 = C - methyl - BI; - 1:'hamn¢::se6'35 (see Section V.B, Part ]3), vhich
prompts the speculation that the tri = 0 - methylmannose may have been

obscured by the 3 = 0 = methyl = L -~ rhamnose in other g.l.c. traces.
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Polysaccharide II‘was Smith-degraded to give Polysaccharide IXI
in a very small yield (7.2%), indicating large-scale structural
degradétion of Polysaccharide III: confirmed by the amount of foimic
acid released (see figure V.B,2) :L The suspected mannose was the
major sugar found together with gelactcves, arabinose, and rhamnose.
Partial acid hydrclysis showed the presence of 6 ~ O -B- -

'galactopjranosyl - 2 ~ galactose.

Méthylation of Polysaccharide III showed large amocunts of end-
group galactose. A significant amount of 2,3 = di = 0 =~ methyl - ,:E:, -
arabinose indicated some iﬁtra-chain arabinose residues. The facts
that (g) Polysaccharide III was obtained in very amall yield and (b)
only a small amount of 2, 5=~di =0 - mothyl - g - galactose relativ‘_e.
to énd-group residues was found,indicate that whole side-chains present
in Polyssaccharide II may have been cleaved in the preparation of
Polyéacchgride III.

An autohydrolysis of C. erythreopiivllum gum followsd by a sube

seqﬁent Smith-degradation study confirmed the sbove findings with
| manrnose appearing in 1N - hydrolysstes only'after all uronic acid
had been removed. )

As is obvious from the complexity of the results ‘obtained, no

definite structural type can be postulated for C. erythrophyllum gum.

It is very unusval for such a complex neutral sugar mi;;ture to be
prosent after such extensive degradation of a gum structure has been
carried out. Also extremely unususl is the appsarance during a Smithe
degfadation sequence of what, from chromatcgraphic evidence, secems

to be mannose. A significant fact -is that it is only detectable by
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chromatography after all uronic acid has been removed from the gum .
structure. Thie prompts the postulation of a side chain of the

type shown in figure V.By3.

FIGURE V.B,3.

RN}

cecman JANNOSE

uronic acid -7/- X C. erythrophyllum gum

‘

’
eweme=mannose ——- uronic acid Polysaccharide I
S /

;—f-- mannose ' R Polysaccharide II

Apart froﬁ arabinobiose components wﬁich nay, from the presence of
2,3 = di = 0 - methyl = L - arabinoso iu all methanol‘ysa.tes, ‘contain
1,5 =.link‘ed arabinose residues, the vma.’i_n biose componants are 6 -
0 -P- - gaiactopyrgnosyl =D =~ galactose and a couponent (R gal
| 0.40, brown spot), which from its low R gal value is expected to
" be a galactobiose but is not 1,3 ~ or 1,6 = linked_galactose rezidues.
'_ From the presence of substantial amounts of 2, 3,6 - tri = 0 = methyl =-
g --galactose in‘a.ll me,thanolysate's, this component could well be
- b a0 - (ot orp) = galactopyranosyl - D - galactose, although further
expériments would be required to isolate and characterise it.

The main structural features to emerge from thié present work are:

(1) c. erytbrophyllum has a 1,6 - linked galactose backbone with .

1,4 = linked galactose chains present also; (2) the majority of uronic
acid residueg‘ are intra-chain, the s_econd.residue from the end of a
chain. The end-groups attached to the uronic acid may be either
arabinose, rhamnose'anﬁ galactose and they are;attacﬁed to the 4 -

- _ppsition of the uronic acid. Galacturonic acid is linked 1,2 = %0
rhamnose, vhereas glucuronic acid and its 4 - 0 - methyi snalogue are

attached 1,6 = to galactose (figure V.Bgk).
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FIGURE V.B,k4.

comemee  galactose 6 ¢g—wwe— 1 glucuronic acid 4 oo X

emcw=ee rhamnose 2 ¢———— 1 galacturonic acid 4 gemm—em— X

In the case of the galacturonic acid/rhamnose species the rhamnose
may be linked to something other than the uronic acid, which would
explain the presence of 3 - 0 - methyl - EI; - rhamiose. The presence
of such a system has been postulated for C. leonenge by Aspinall and

Bhavanandanw (ses figure V.B.5);

FIGURE V.Bg5.

&mmmmsm 1 rhemnose 2 &——— 1 galacturonic acid 4 ¢é— X

_———3F

(3) The strﬁcture contains a lot of peripheral arabinofuranosyl uniis.
Aléo on the periphery are 1,3 - linked arabinopyrancse and arabino=

' fumse biose'univtsa . There are no long chains of 1,3 = linked |
arabinose units shown by the absence of any 2,k ~ or 2,5 <« di ~ 0 -
nethyl - g; - arabinose in methylated Degraded Gum A or Polysaccharide I.
There may be, however, long chains of 1, 5- - 1ixilced arabinose units as
shown by the presence of 2,3 = di = 0 ~ methyl - é - arabinoce; The
presence of 3,4 = di = and 3 - 0 = methyl = L - rhamnose indicate
intraachain rhamnose residues and the possibility of rhamnose side
chains cannot be ruled out.

A1l thege results indicate thaﬁ C. erythrophyllum gum has a very




complex structure, confirming the gehefic complexity of the
Combretun éenus. Extensive work will'have to be carried out in
much greater detail and with larger amounts of starting material to
clarify the significance of these results and allow the postulation

of a complete structure for the gum.

~

SECTION V.B PART B

SbME'STRUCTURAL FEATURES OF THE GUM FROM -
. Co HARTMANNIANUM SCHWEINE

VeBe5e PURIFICATION AND EXAMINATION O C. EAR”KANNIANQ&
: AND ADATIO ODUC

'~-Crude gun (32.3 g) was dissolved in distilled water (2.5 1)
giving a clear, yellow solution which was easily filtered. After
filtration, the solution was dza.ysed for 2 days, concentrated, and
obtained as the freeze-dried product (23.h4 g,. yield 72%).

| The polysacchoride was found to contain the neutral sugars
- galactose, arabinose, maonose xylose and rhamnose in approximately
the sams proportiono as found pre%iously in the analytical study.
Galocturonic acid, glucuronic acid and its 4 = O - methyl amalogue,
énd glucuronolactone were aleo found in a 2N = hydrolysate.

IDENTIFICATION OF THE BIURONIC ACIDS

* Chromatography of the AN - hydrolysate in solvent (c). showed
two spots at Rgal 0.28 and O. 50 respectively indicating the presence
of two aldobiuronic acid components. Ho spot was observed just behind
galactose (Rgal-—0.90) indicating the absence of 2-0- (L~ galacto-

pyranosyluronic acid) - g - rhamnose. Chromatography was carried out -

on Whatman 3MM papers in solvent (c¢) and the two acidic componeats were
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‘eluted as described for C. erythrophyllum. Specific rotaﬁons wvere

recorded for eacﬁ component and hydrolysis with 2N acid was carried out
to determine the constituents. |

Component (a) (R8 a1 0.28) was found to have Eob:]D +23° and vas
chromatographically indistinguishé,ble from 6 = O - (E- D - glucopy-
ranosyluronic acid) - D - galactose. Hydrolysis with 2N = aulphﬁric
acid, followed by chromatography in solvents -(c) and (g); indicated
tﬁe presence; of galactose and glucuronic acid 1n approximately equal
amounts. These results are consiéfent with those found for ‘ |

component (a) from C. erythrophyllum, and so component (a) from

C. hartmannianum is 6-0- (ﬁ- D- glucopyranosyluronié acid) -
2, -.galactose. | | N .

Component (b) (R ., 0.50) had [eL], -27°. Hydrolysis (2N -
acid) followed by chromatography in solvents (c¢) and ( g) indicated
the presence of mannose and galacturonic acid ;s the major
components, with émalle: amounts of galactose, glucurcnic acid and
4 - 0 - methylglucuronic acid. F:jom these results it appears that
.. component (b) is a mixture of at least two al&obiuronic»acida.
containing mannose and galacturonic acid and galactose and 4 - [
methylglucuronic acid respectively’. A maunose-glucuronic acid with
E°¢:l) -32° t'xas; been found. in Andgeissus gum exudatgs and has been
characterised as 2. - ._Q - (P - g - glucopyranosyluronic acid) - _P__ -

mannose. This was confirmed for a sample of Anbgeissus latifolia

during this present study where hydrolysis of the éomponent in
question with 2N - acid gave mannose and glucuronic\acid. So it is
possible that the galacturonic acid and mannose may arise from

2-0- (p - D -~ galactopyranosyluronic acid) - D - mannose. The
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presence of glucuronic acid in the 2N - hydrolysate of compcﬁént (v)
may arise from the loss of # methyi group from certain 4 - 0 - methyl-
glucuronic acid residues, although the possibility of it beiﬁg present
in a glucuronic acid - mannose biuronic acid species cannot be ruled
out. Attempts to separate the two fractions of component (b) by
chromatography in solvent (c¢) for 48 hours and in solvent (b) for

96 hours were unsuccessful, indicating that the two componente

behave similarly chromatographically.

Partial acid hydrolysis of C; hartmannianum with 0.5N = sulphuric

acid for 1 hour followed by chromatography in sclvents (b) and (c)
showed the presence. of three components present.in approximately equal
proportions at Rgal 0.84 solventl(b) 0.87 solvent (c), 0.51 solvents
(b) and (c) and 0.28 solvent (b) 0.2k solvent (c¢). The First of
these components, ca the basis of-its Rgal valve and pink colouration,
appearas to be an arabinobiose of some kind; a pinkish spot at Rgal
0.51 could be of the galactose-arabinose type; and a Lrown compcnent

at Ry 0.28 solvent (b) 0.2% solvent (¢) could be 6 - O -B-2-

galactopyranosyl - D = galactose.

C. hartmannianum polysaccharide (239 mg) was methylated to give

a product (123 mg)a (Found: [;L:L ~326; OMe 39.1%). A portion of
the product was methanolysed and the mixture of methyl glycosides
examined by g.l.c.- The methanolysate was then hydrolysed and the
resulting syrup examined by paper chromatography in solvents (e)

and (f). The O - methyl sugars identified are shown in Table V.B, 7.
The major component identified was 2,3,5 ~ tri « 0 - methyl = L -
arabinose. Also preseqt were large amourts of 2,3,4 ~ tri = 0 =

methyl - L - rhamnose, 2,3,4,6 ~ tetra - 0 - methyl - D - galactose



TABLE V.BaZ.
0 - METHYL SUGARS IDENTIFIED IN METRYLATED C. EARTHANNIANUM GUM

Relative retention
time (T) of methyl

Rg after hydrolysis

| Relative**”*

) glycosides* Q - wmethyl sugar emount
Coluan (1) Column (2) solvent (e) solvent (f) '
(0.49) (0.47) 0.96 1.0k 2,3, 4=tri-0-methyl-L-rhamnose 2
{0.49),(0.52)  (0.47),(0.56) 0.96 1.0k 2,3, b=tri-0-methyl-D-xylose 2
(0.52),0.67 (0.56),0.71 0.56 1.0% : 2,3,5~tr143-methyl-L-arab1nose 10
0.90 - (1.01) ‘ 0.85 0.82 2,3,hatri-Onmethyl-L-arabznose 3
1.72 (2.26) . 0.85 0.82 2,4—&1-0-methyloL-arab1nose 4
1.72 1.57 0.85 0.82 2, 3-d1m0-methyl—L-arebinose 2
1.52 1.77 0.90 0.96 2,3k, 6-tetra-O-metnyl—D-galactose L
(3.02),3.87 (3.12),4.29 . 0.73 0.48 2,3, 6-+ri-ag-=methy1-g—ga1actose 2
6.33 6.22 0.73 0.38 2,3, batri-D-methyl-D-galactose 2
_ 8.L5 9.28 0.51 0.22 2,6-di-0-methyl-D-galactose 2
14.0,13.3,14.5 12.5,14.8,15.8 0.57 0.15 2,3-di-0-methyl-D-galactose 2
1.36 - 1.40 C.90 0.96 - 2,3,k,6=tetra-0-methyl-D-mannosse trace
2.72 2.93 0.73 0.69  3,4,6-tri-Q-methyl-D-mannose 2
342 3,37 . 0.6% 0.69 2,4,6~tri-D-methyl-D-mannose 2
7.42 L 7.52 051 0.22 2,6-tr*-O-methyl-D-mannose 1
- 2,38,(3.02) (2.26),(3.12) - - 2,3,&»tr4-O-methyl-D-glucuronic acid** 2
5.27 4,06 ~ - 2,3, be trlﬁgfmethylfgrgalac»arenlc acid** 1

%«
* ¥

Px&

figures in parenthesis indicate T values of components which are noct completely resolved

az methyl ester methyl glycoside

this is cnly a rough estimate due to incomplete resclution of the majority of the components

O%L
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"and 2,4 - tri - O - methyl - 3,:‘, ~ arabinose. Much smaller amounts
of 2,3,6 -~ and 2,3,4 - tri = 0 - methyl - D - galactose, 3,4,6 -
and 2,4,6 - tri - 0 ~ methyl - D - mannose were found in addition to

end-group glucuronic acid and gaiacturonic acid.- Paper chromato-
graphy in solvents (e) and (f) also ehowed the presence of 2 - Q-

ﬁethyl - D - galactose.

PREPARATION AND EXAMINATION OF POLYSACCHARIDE X

Preliminary, small-scale experiments established that 0.25M -
sodivm metaperiodate solution and oxidatipn time of 72 hours were

requirad for C. hartmannianum gum. Pure gum (23.4 g) was diesolved

in distilled water (127% ml) and 0.5M - sodiumz metaperiodate solution
(127# ml) wns added. Oxidation was carried out in. ike dark for 72
hours, gfter which fime 8.7 m moles periodate/g polysaccharide had
been reduced and,1.7 n moles formic aéid/g polysaccharide released.
Ethylene glycol.(12.?'ml) vas sdded; after dialysis for 2 days,
sodium borohydride‘(6.25 g) vas added and the solution left for

"~ 30 hours. After dialysis for a further 2 days, the solution was
made 1N with respect to sulphuric acid, left for 2 days, dialﬁsed

for 2 days, con;entrated,.filtered and Polysaccharide I obtained

so the freeze-dried product (7.8 g, yield 31%).

Polysaccharide I had [L] +16.2°. This is markedly different
from the value for the untreated polysaccheride (=35°). 'Hydroiysis
wiﬁh'aN = sulphuric acid followed by chromatography in solvent ()
indicated the absence of any uronic acid. Hydrolysis (1N = )

: foilowed by chromatography in solvents (b) and (c) showed the

presence of large smounts of galactose and arsbinose in addition to
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pannose. Both rhamnose and xylose were absgent. The ratio gai:mann:ara
was 10:5.4:12.8. Partial acid hydrolysis with O.5N - mulphuric acid
shoved, in addition to galactose, marnose and arabinose, two components

at R__. 0.60 solvent (b), 0.51 solvent (c) (pink spot) and at R

gal
0.23 solvent (b), 0.26 solvent (c) (brown spot).

gal

Polysaccharide I (265 mg) was methylated to give a product
(132 mg). (Found: [oL]) -20.8°; OMe 37.1%). A portion of the
prﬁduct vas methanolysed and the mixture of methyl glycosides
exemined by g.l.c. Thevg.- methyl sugars identified are shown in
Table V.B,8. Hydrolysis of the methanolyséte followedAby chromato-
graphy in solvents (e) and (f) also showed the presence of a gmall

amount of 2 < 0 - methyl ~ D - galactose in addition to the methyl
" glycosidea identified by g;l.c. The méin'conpanents‘found were
2,3,4,6 =~ tetra = , 2,3,6 = And 2,34 = tri - end 2,3 =241 = Q =
methyl - D ~ galactose, 2,3,5 ~ tri and 2,4 = di = 0 = methyl = L -

arabinoge and 2,4,6 = tri - 0 ~ methyl - D - mannose.

PREPARATION AND EXAMINATION OF POLYSACCHARIDE II

Polysaccharide I (5.0 g) was dissolved in distilled water (135 ml)
end O.EBH - sodium metaperiodate (135 ml) added. Oxidaticn was carried
cut for 72 hours after which time 4.4 m moles perioéate/g polysaccharide
had been reduced and 1.8 m moles formic acid/g polyseccharide released.‘
The éoluﬁion wag treated in the same way as in the Smith Degradation

of C. hartmannianum gum itself. Polysaccharide II was obtained as

the freeze-dried product (1.1 g, yield 22%).
Polysaccharide II had [;L:L +64.3°, Hydrolysis with 1N - sulphuric

acid followed by chromatography in solvente (b) and (c¢) showed that



TABLE V.B.8.

O - METEYL SUGARS IDENTIFIED IN METEYLATED POLYSACCHARIDE I

Relativé retention
time (T) of methyl

Rs after hydrolysis

Relative

glycoszides® 0 - methyl sugar amount

Column (1) Column (2) solvent (e) solvent (f)
0.53,0.65 0.56,0.74 " 0.96 0.99 2 3,5-tri-0-methyl-L~arabinose 3
. 0.98 0.99 0.85 0.81 ,),4-tri-0-methyl-L-arablnose 2
1.85 2.12 0.73 0.81 2, 4—d1-0~methy1—L—arabinose 10
1455 1.70 0.90 0.85 2,3,b4, 6~tetra«0-methy1—D-galactose 5
3029, 35.78 (2.92),4.32 0.73 0.48 2, 3,6«tr1—0-methyl~D-galactose L
6,00 6.42 0.73 0.38 2,3, -trluo-methyl-D-galactose 3
8 78 9.08 0.51 - 0.22 2 6-tri-0nmethy1-D-ga1actose 2
11.5,13%.6,14.8 12.5,14.8,15.8 0.51 0.15 2, 3~tr1=0-methyl—D-galactose L
1.30 1.37 0.90 0.84 2,3,k, 6-tetra~0-methyl-D-mannose 1
2.7% (2.92) 0.73 0.69 3,4, 6-tri-0-methyl—D-:nannose 2
3038 3.6k 0.64 0.69 2 4,o-trz-O-methyl—Dnmannose 5
7,72 7.84 0.51 0.22 2, 6—*r1~97methy112:mannose 2

%

fizures in parenthesis indicate T values which are not completely resolved

‘Lab
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arabinose was present in large amounts; along with galactose and a
smaller amount of mannose. Partial acid Vhydrolysis with O.5N -
sulphuric acid showed the presence of two disaccharidés in'addition
to the monomers, at Rsal 0.24 solvent (5), 0.26 solvent (c) (brown

spot), and at R 0.60 solvent (b), 0.51 solvent (c) (red spot) in

gal
gpproximately equal proportions.

Polysaccharide II was methylated in the normal way, but the
methylated polysaccharide did not p;ecipitate in petrol ether
(60-80). A repeated methylation gave the same results and so the

methylation and subsequent methanolysis were carried out as

described for C. erythrophyllum, Polysaccharide II. The 0 - methyl
sﬁgars identified are shown ianable V.B49. Hydrolysis of the
methénolysate.folloﬁed by chrcmatography‘shoﬁéd the absence of Aﬁy
.di = 0 - methyl sugars or any 2 - O - methyl - E - galéctoae. This -
»would seen to indicate that polysaccharide II is a single long chain
siﬁée-onlj chainvpropagating and chain termiﬁating~groups are found.

Taeble V.B410, ghows the sugar content of all the polysaccharides.

TABLE V.B,10.

SUGAR CONTENT OF C. HARTMANNIANUM AND ITS
DEGRADATION PRODUCLS

Polysaccharide E°L1) Gal Ara Mann Rha Xyl Gal A Glu A
degrees :
C. hartmannianum gum =35 22 43 10 4L 6 6 9
, Polyséccharide I +16 36 45 19 o - - -

Polysaccharide II +64 31 b6 23 - - = -




TABLE V.B49.

O - METHYL SUGARS IDENTIFIED IN METHYLATED POLYSACCHARIDE 11

Relative retention
time (T) of methyl

Rg after hydrolysis

glycosides 0 - methyl sugar Rzi::;:e

Column (1) Column (2) solvent (e) solvent (f)

0.51,0.64 0.56,0.72 0.98 1.00 2,3,5=-tri-0-methyl-L-arabinose 2
0.85 0.98 0.87 0.76 2,3, b=tri-0-methyl-L-arabinose 10
1.78 2.22 0.82 0.76 2,4-di-0~methyl-L-arabinose | 5
1.53 1.69 0.92 0.84 2,3,k,6~tetra-0-methyl-D-galactose 7

2.94,3.78 2.96,4.28 - 0.77 0.49 2,3,6~-tri-0-methyl-D-galactose 4
6.12 6.23 0.71 0.38 2,3, 4=tri-O-methyl-D-galactose 3
1,30 1,32 0.92 0.84 2,3,k,6-tetra~C-methyl-D-mannose 3
3.38 3.6 0.71 0.68 2,4,6-tri-0-methyl-D-nannose 5

gL
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VeB.6. DISCUSSION

C. hartmannianum gum was found tb contain galactose (22%),

arabinose (43%), rhamnose (4%), mannose (10%) and xylose (6%).
. Chromatography of the 1N - hydrolysate in solvent (c) showed ihe
presence of three aldobiuronic acid components the major one being

characterised as 6 - 0 - (P- D - glucopyranosyluronic acid) - D -

galactose from its R value and its hydrolysis products. The

gal
othexf two components which were found to beﬁave similarly chi'omatq- _
graphically and were inseparable in all solvent systems examined
are thought to be of a galactose/4t = O - methyl glucuronic acid and a
mannose/galacturonié acid nature respectively. The manndae/gala-
Qturonic acid coxﬁponent would scem to be confirmed by the spécific
‘rotation (=-27°) fouhd for the combined c.omponents, a value similar
to that of one of the acidic components characterised in Anogeiasus
samples, ie.-— 2 - 0 - (p- D - glucopyranosyluron:.c aczd) -D-~
mannose, E°LJD = -32°, So it is posa.i‘ble that the mannose/ -
galacturonic acid component may be2 -0 - (?- D - galactopyranosy=
' l;xronic acid) = D - mannose. This is confirmed by the presence of
3,4,6 - tri - 0 - methyl - D - mannose on methylation of the gum.
The other. component iz thought to be 6 = 0 - (4 = 0 = methyl -B- -
giucof;yranosyluronic .aci;d) - }?,"‘ galactose, which would havé a very
small positive [ol]) and not contribute much to the Eobl of the
mixture. ”

Hethylation of C. hartmannianum gum showed'thé presence of end-
group xylose, rhamno_se, glucuronic acid and galaéturonic acid as well

as large amounts of end-group arabinose (both in the furanose and
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pyranose forms) and galactose. Also present in fairly substantial

amounts are 2,4 - and 2,3 = di - QO « methyl - L - arabinose, 2,3,6 -
tri - énd 2,},4 - tri - énd 243 = 41 = 0 « methyl - g - galactose and
3,4,6 - and 2,4,6 ~ tri - QO - methyl - _:_,P; - mannose. The presence of

2,6 = di =~ and 2 - 0 -~ swethyl =« D = g;ala-atoée may be due to under~
methylation or they may have ao;zzé structural significance.

Partial acid hydrolysis showed the presence of three biose
components. - The component at R gal 0.84 golvent (b) 0.87 solvent (c)
iz expected to be an 'arabinobiose,and from the presehce of 2,4 = @i -

O - methyl - & - arabinose in methylated gum, the arabinobiose is
expected to be 3 - 0 -P - arébinopyranOByl ~ L = arabinose. Thiz is
also expectgd from its Rgal values. The component at R galw 0.50,
from its Rg al value and also spot colouration is thought to contain
something linked to arabinose, possibly galactose linked to
arabinose. "l‘he third component, from its R gal value might possibly
‘be the galactobiose, 6 - o] -=F3:-» D - galactopyranosy) - D -~ galoctose
a;though the possibility of galactose linked to mannose csnnot be
| ruled out. .

A Smith Degradation of C. hartmannianum gun gave Polyseccharide I,

vhich was foﬁnd to contain ¢nly galactose, arabinose aud mannose, with
arabinose the major component. The CaL:b value of +16° shows that the
structure of Polyéaccharide I is congiderably different from the gum

itself ( Ecl,l) -35°). Methylation of Polysaccharide I showed the mein
components to be 2,3,4 =~ tri, and 2,4 ~ di = 0 = methyl = L = arabinose, -
2,3,’+$6 - tetra =y 2y3,6 =~ tri = and 2,3,4% ~ tri and 2,3 = di>- 0=

methyl - D - galactose and'2,’+.6 - tri « O ~ methyl - D - mannoge.
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Partial acid hydrolysis of Polysaccharide I showed that two of the

biose components present in the gum itself at R ~ 0.50 and at

gal
Rgalﬂv.0.26 were also present in approximately equal amounts.

Polysaccharide I, obtained on periodate oxidation of
Polysaccharide I, alzo contained galactose, arabinose and mannose.
Arabinose.was again the major neutral sugar, but the ratio of
1arabinose:ga1actose was greater than in Polysaccharide I. This is
unusual. Partial acid hydrolysis also showed the presence of the
two biose components found in Polysaccharide I. | |

Hethylation of Polysaccharide II showed the main ccmponents
to be end-group arabiinopyrancse and galactose residues. End-group
arabinofuransge and mannose were alsb presert in addition to
2,4 = di = 0 = methyl - L- arabinose,i 2,3,6 = and 2,3,4 = tri =
O - methyl - D - galactose and 2,4,6 = tri = 0 = methyl - D - mannocge.
An unusual feature of'the'methylafion was the absance of sny di u}g -
methyl - galactose residues or 2 - 0 - methyl “uD e gala.ctose, which
would be indicative of branching points within the polysaccharide
- chain. The fact that Polysaccharide II shows no branch points But
plenty of end-groups may be due to the structure of Polysaccharide II.
being fragile, with the branches "Srokenwoff" during the methylation
- procedure, thus giving an abundancg of end-groups but with an overall

impression of only one long chain.

As in the case of the gum from C. erythrophyllum, no definite

structural pattern has emerged from these degradation studies of

C. hartmannjanum gum. The main features established are:- (1) a1z

uronic acid residues are end-group, linked either 1,6 - %o galactose
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as in thé case of glucuronicvacid and its 4 - 0 - methyl snalcgue or,
as is tentatively postulated, linked 1,2 - to mannc;se in the case of
~ galacturonic acid. (2) There is a substantial amount of end-éroup
arabinofuranose, in addition to 1,3 - linked arabinopyranose side
chains linked possibly to galactose in the 4 - or 6 - position.

Small chainf of 1,5~ linked arsbinose may also be presént. The
pink spot obtained on partial acid hydrolysis of all three
polysaccharides may (from its hgal ~value of&o.so) be 4 =0 =
(LorB) - galactopyranosyl - L - arabinose, but this requires to be
confirmed by a large-scale 0.5N = hydrolysis of any of the fractions.
(3) Ap#rt from the presencé of 3,4,6 - fri = 0 - methyl - D - mannose
| which has been aftributed to the presence of galacturonic acid lihked
1,2 = to mannose, the main 0 - methyl mam'lose coﬁponent found in all
methanolysates was 2,4,6 - tri -0 - methyl - D - mannose, which might
possibly ‘indic{zt'e 1,3 = linked mannose chains, possibly also linked
14 - to galactose. (4) There are probably 1,6 - linked galactose

chains, a fact supported by the pf_esence of € -0 -eP- D - galacto-

" pyranosyl - R - galactose in all the partial acid hydrolysates.

On the basis of these findings and postulations'a poseible

structure for C. hartmsnnianum gum involves a backbone or main chain

of 1,6 - linked galactose resicdues with 1,3 = linked arabinopyranose
and 1,3 - linked mannopyranose side chains linked %o the main
galactose chains at the 4 - position. Certain galactose side chains
would be terminated b& glncurénic acid and most mannose side chains
would be terminated by galacturonic acid.

' A possible etructural fragment is shown in figure V.By6. It must

be emphasiged that this is only a tentative structure; the time
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FIGURE V.Bo.6e

- Possible structural fragment of C. hartmannianum gum
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aﬁailablé did not allow the work ipvolved in a rigorous study to be
undertaken. Although muchvmore worﬁ muet be carried out before #
structure can be postulated with confidence, the present exploratory
investigation has served much purpose by elucidaﬁing some of the
features and indicating that the structure involved is unusually

complex:

V.B.7. GENERAL DISCUSSION ON COMBRETUM GUM CHEMISTRY

On the basis of the results found during experimental investi-

gations of C. erythrophyllum and C. hértmannianum gum ekudates, a

comparison is made befweeﬂ'them and aleo with C. leonense, the
structural features of which have been studied by Aspinall and
Bhavanandan1u’15;4 The three sémples differ‘extensively but all
probably have a backbone of galactose feéiduea linked 1,6 - '
because of the presence of 2,3,4 - tri - 0 - methyl = D - galactose
in all méthap&lysates. The presence of 2,3 = di = O - methyl. - D -
galactose in the methanoljsates of all three gum polysaccharides
and their degradatlon products arising from 1, 4 6 - linked |
galactose residues, shows that branch voints occur in the salactoée
backbone (see figure V.B48). 1,4 - Linked galactose chains are also

present.

FIGURE V.B{Z} '

G-vm-=1gallb¢~u=-s-
' 4
o
4
|
|
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Co egythrophyl‘lam and C. leonence differ markedly from

C. hartmannianum in their aldobiuronic acids. All three gum exudates

contain 6 - 0 - (? D - glucopyranosyluromc acid) = D - galactoec,
which is the most common aldobiuronic acid found in gom chemistry.
They are all alsoc thought to contain 6 -0 - (1# - 0 = methyl =B~D =
glucdpyrandsyluronic acid) = D - galactose, 6n the baszis of their
methoxyl content which does not appear to be associated with a
neutral sugar. The differeiice between the exudates involves the
galacturonié acid-containing aldobiuronic acid. Both C. leonense -

and C. erythrophyllumn contain 2=-0- (~D = galac'topyranosyluronic

acid) - L - rhamnose, whereas C. hartmannisnum apparently contains

2~0 - (p - D - galactcpyranosyluronic acid) = D - mannose. Further=

more, the majbrity of the uronic¢ acid residues are intra-chain in

C. leonense and C. erythrophyllum. In C. hartmannianum the uronic
acid all appears as end-group, and is removed by a single Smith
Degradation. - A

The structural significant of rhamnoze in C. hartmarnianum also

" differs from that in the other two species. In C. hartmanunianum all

rhamnose reaidues are terminal; in C. erythrophyllum and C. leonense

only a few rhamnose residues are terminal, the other rhamuose

residues occurring deep within the polysaccharide structure

(figure V.B45) or in rhamnose side chains. S | /
The mode of attachment of arabinose side chains also differs in

the different exudates. C. leonense contains 3 - o} -=-!3- Q, -
galactopyranogyl - é - arabirose indicating arabinose (and possibly

also arabinose side chains) attached to the main branched galactose

—~—
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chains of the etfucture at the 3 = poéition. Ce. erythrophyllﬁm i‘s
believed also to contain 5> - 0 "P - 2:-- lgalactopyranbsyll- L -
arabinose, as shown by the presence of 2,4,6 = tri = 0 - metﬁyl - g-
galactose in th'e methanolysates, e.lthpugh this sugar was not present

in sufficient amount for rigorous characterisation. Methanolysis of

C. hartmannjianum showed no 2,4,6 = tri - O - methyl - D - galactose;
hence arabinose and arabinose side chains canrot be joined to the
branched galaétose chaing at the 3.~ position. Aiternatively.
arabigéée ‘may be joined to galactose at the l+ - position. -

All of the three gum exudates contained large amounts of
- peripheral arabofuranose residues. C. lecnense -éontaineci a great deal
of 3 -0 -p - é - arabinopyranosyl' = L = arabinose ae did |

C. hartmannianum. In C. hartmannisnum moct of ‘the arabincse residues

are in the pyranose form as is the cass in C. leonense. However in

C. ervthrophyllum the majority of arabinose residues are in the

furanos:. form. Also C. erythropvhyllum terds to differ from the other

two exudates in that the relatively smaller amounts of 3 - 0 a? - g -
' é.rabinoayl - _.]_:-',, - arabinose are peripheral and removed dwuring the early
degradation stagés as shown by the absence of any 2,4 = or 2,5 = di =
0 - methyl - L - arabinose in any of the degradation products.

Ali three gum exudates show the presence of 2,3 - di - 0 -
methyl = L = arabi;mse on methanolysis of their metﬁylated products
but although it was only present in small amounts in C. leonense and

C. hartmannienum, it was the major di - O - methyl arabinose in

C. erythrophyllum. It was also present in large amounts in all the

degradation products of C. erythrophyllum although it was removed
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ﬁeaéily by degradation of the other two exudates. And so whereas

C. leonense and C. hartmannianum have 1,3 - linked arabinobiose gide

chains, C. erythrophyllum is expected to contain 1,5 - linked arabinose

side chaing. One interesting point is that arabinose residues linked
at the 1 = and 5 - positions should be easily susczptible to pefiodaten
oxidétion. The fact that they persist through the Smith degradations
indicates that they must be protected in some way, and this may be

a steric effect. .

b. hartmannianum was found to contain 1,3 - linked msnnose side

chains, a feature found in Gum GhattiG. C. erythrophyllum, which

was not found %o contain mannose initially, was, after removal of
all.uronic acid, found to containvmannose intérnally in the gum
structure. Since Aspinall and Bhévanandan did not carry out a'
Smith'degradatioﬁ study on C. leonense, witﬂ subsequent elimination
of ﬁronic acid, it is not known if this is a féature of that gum
exudate also.

Although rigorous structures can not be postulated for gums from
. the Combretumvgenus, this exploratofy stﬁdy has revealed the genetic
complexity of the genus, indicated the complex nature of these gum’
exudateé, and eatablished their more important structural features‘

Other Coﬁbretum species must also be studied to check the
‘postulated division of Combretum gum exudates into three sections
(see Section V.A). Then, perhaps, a better understanding of the
| chemistry and.sfructure of Combretum gum exudates will be possible.
It is hoped that the present superficial study will serve to indicate -
to future vorkers the extent of the task that will be involved ir

undertaking a rigorcusAstructural investigation.
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SECTION VI

ANALYTICAL AND HETEROGENEITY STUDIES OF GUM EXUDATES

 FROM ACACIA TORTILIS SUBSPECIES
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'VI.1. INTRODUCTION

Benthan? classified Acacia heteracantha Burch., A. spirocarpa

Hochst., and A, tortilis Hayne as closely related species within his

Series 4, Gummiferae, and he listed A, perrottetii Steud.,

A, fasciculata Guill. et Perr. non Kunth non R.Br., and A, raddiana

Savi as synonyms of A. tortilis. Later, two varieties; var, raddiana
. and var, pubescens A. Chev., were recognised in A, raddiana.

Acacia tortilis is a widespread épecies, complicated genetically,

and apparently divisible‘into a number of more or less distinct
geographical races. In Brenan's® opinionz, the following four sub-

species can be distingﬁished:-' A. tortilis (Forsk.) Hayne sspe.

tortilis; A. tortilis (Forsk.) Hayne ssp. gpirocarpa (Hoc_hsts ex A,

Rich.) Brenan; A. tortilis (Forsk.) Hayne ssp. hetefacgntha (Burch.)

Brenan; and A. tortilis (Forsk.) Hayne ssp..raddiana (Savi) Brenan,
which exists as two varieties: var. raddianﬁ and var. gubeséeps A,
Chev, Of these'éubspecies, raddianﬁ is considerea the most |
dlstlnctzve and 13 still regarded by some workers as a separate

‘species;. ssp. sglrocargg and sspe. heteracantha are closely related

' morphologically, but typical ssp. tortilis is rather isolated from
the rest, both morphologlcally and geographlcally, being the only
one found east of the Red Sea.

| Good, authentlcated gum specxmens from A, tortilis 58P

heteracantha, Sspe spirocarpa, and ssp. raddiana var. pubescens

were obtained, and their chemical composition was investigated to
ascertain whether there vere significént differences between the

subspecies.

* Mr. J.P.M.'Brenan; Deputy Director, Royél Sotanic Gardens,_Keé.
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VI.2. ORIGIN OF SPECIMENS

Gum from A. tortilis (Forsk.) Hayne ssp. spirocarpa (Hochst. ex
A, Riéh.) Brenan was collected by Mr. A.G. Seif-el=Din, Gum Research
Officer to the Republic of Sudan, in March 1964; this ssp. is
abundant in hard soils in the region 13°h5'N, 30°ZO'E¢ Gum from
A. tortilis (Forsk.) Hayn& ssp. raddiana (Savi) Brenan var. pubescens
A, Chev. was collected as followé: specimen I was pbtained'in April
1973 in the region 13°k5'N, 30°20'E, where this ssp. is abundant on
loose sandy'soils;_specimen II was obtained in March 1970 from the main
trunk (normally it is the.upper branches that are tapped) of a tree
at.Um Badir, N. Kordofan. (Botanical Vouchers for specimens of gum

from A. tortilis ssp. spirocarpa and A, tortilis ssp. raddiana var.

pubescens have been authenticated by Mr. J.P.M. Brenan.)

Gum from A, tortilis (Forsk.) Hayne s8pe heteracantha (Burch.)

Brenan was collected as foiiows: specimen I was collected at
Saiisbury, Rhodesia on 28 February 1971'(bofanical vouéher_Kelly
479 in SRGH); specimens II and ITI (botanical vouéhers G. Pope 426
and 427 iﬁ SRGH) were collected in May 1971 at Botswana, near
Rakops, Rhodesia (24°30'E, 21°4'S) and sent by Mr. Th. Muller,

Curator, Botanical Gardens, Salisbury.

VI.3. PURIFICATION OF.SAMPLES

Alliof the specimens dissolved in cold water overnight to give

cléar, colourless solutions (ssp. spirocarpa, sspe. heteracanthé‘

specimens I énd.II) or clear, pale yellow solutions (ssp. raddiana

var. pubescens specimens I and II, ssp. heteracantha specimen I1I).
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The three specimens of ssp. heteracantha all_’ gave a very slight jelly-

type residue vhich was readily dispersed with alkaline borohydrideB .

, The soluf.ions were filtered through muslin to remove insoluble
déﬁris, through No. 41 .then No. 42 filter papers, and dialysed
against running tap water for 2 days (4 days in the case Qf the

. borohydride treated samples), éfter which time the solutions were
freeze-dried. Reasonably high yields of the freeze-dried producté

were obtained in all cases.

" VI.h. RESULTS AND DISCUSSION

| Hydrolysis with IN= sulphuric» ceid for 7.5 hours followed by
chromatography in solvents (b) and (¢) ‘showed large amounts of
afabinose in addition to galactose and s’mali amounts of rhanindée.
Chromatography in solvent (c) showed the presence oﬁ four spots
~ corresponding to the four aldobiuronic acidé: 6-0-(B-D-
glucopyranﬁsyluronic acid) = D - galactose, Ré ol 0026, U4 - (_) -
(J.- _P: - glucopyranosyluronic acid) - g = galactose, Rg al 0.36,
6 ~0= (4 -V9_ - methyl -B~ D - glucopyranosylurox_iic acid) -
D - galac#ose, ‘Rgal 061, 4 =0 = (4 =0~ methyl -~ 2'-
glﬁcopyranosyluronj.c acid) - D- galactose, R gal 0.71. Also present

' in the chfomatograms of the heteracantha samples were significant

amounts of 4 - 0 - methyl glucuronic acid E R gal 1.92 solvent (e);
orange/pink spot ], which is unusual in a 1N - hydrolysate. ‘
Hydrolysis with 2N = sulphuric. acid is normally required to break
~ uronosyl linkageé. However this is similar to the results found

during analytical studies of Acacia species from the Seri_es 1,
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Phyllodineae (see Section III).

The identification of four aldobiuronic acids ié consistent
with the results found for ofherAspecies of the Gummiferae eg:-
A, arabica“,_A. dregggolobium5 and A, sexals. Subspecies 8$irocargg<
and ssp. raddiana var. pubescens have 6 - O - (p - D - glucopyranosyl-
uronic gcid) -12 - galactose as their major acidic component with the
other compo;ents present in much smaller amounts. However sspe
heteracantha shows that the 4 - O = methyl - aldobluronic aclds are the
major components with the two of them present in roughly equal amounta
and- 6 - 0 - (P -D- glucopyranosyluronic acid) - D- galactose being -
the major of the other two components. |

The ana;ytical data for the six specimens studied are shown in
Table VI,A. AWhen all the analytical parameters are taken into
account, there is 1ittle doubt that the three subspecies examined
each giéé a gum exudate thatAis analytically distinguishable from
thé others, and from allother Acacia exudates examined to date.

The overal1 impressioﬁ is that sép. raddiana var.-gﬁbeacens is

intermediate betﬁeen s8p. spirocarpa and ssp. heteracantha, but on

the basis of their closely similar viscosities, molecular weights,
methoxyl contents and sugar ratios, ssp. raddiana appears to be

closer chemically fo ssp.vspirocarpa than to ssp. heteracantha, in

contrast to the morphological relationship between the latter two.

Subspecies raddlana 15 certainly not an entirely d1st1nct species.

The gum from &8p. heteracantha proved to be the most
interesting of the three subspecies analytically.‘ It gave clear,

colourless or pale yellow solutions,.and displayed properties that
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TABLE VIA.

ANALYTICAL DATA FOR PURIFIED GUM
POLYSACCHARIDES FROM ACACIA TORTILIS SUBSPECIES

o .
o
b g, g
0 . ] ° g
<3 o, o o 2,
1 3] 0 g (3] @ (3
ot o] (] L [ R
o & g} ik
h] ol = +
. (o (]
e s s
'D.
& I II I II IIX
Hoisture (%) 9.9 10.3 9.6 9.9 11.8 10.7
Ash (%)% - 1.6 1.9 1.3 1.5 2.0 1.7
Nitrogen (%) _ a 0.46 0.96 1.22 .1.51 1.49 Te5
Hence protein (%) (N x 6.25) 2.9 6.0 7.6 9.4 9.3 9,4
‘Methoxyl (%) 0.58 0.69 0.66 0.96 0.97 _ ‘1.'0
EJJD - in water, (degrees)b +74 +88 +87 497 - +79 +8
(L], in 7M urea, (degrees) +78 +93 492 499  +82 49
Intrinsic viscosity (mlg ) 9.8 9.3 11.2 22.5 16.9 19.4
Molecular weight (MW x 10 ) 25 50 51 210 220 140
Equivalent weight 1590 2040 1940 2440 1730 2100
Hence uronic anhycinde (%) 1.1 8.6 9.1 7.2  10.1 8.7
Sugar composition after hydrolysis:-
4 « 0 - Methylglucuronic acid® 3.5 3.7 ko 5.8 5.8 6.4
Glucuronic acid 7.6 4.9 5.1 1.4 .3 2¢3
" Galactose 39 36 37 21 2k 24
Arabinose 43 ko L6 68 - 62 - 64
Rhamnose 7 6 8 L 3 3
Footnotes
a Corrected for moisture content.
b Corrected for moisture and protein content.
c If all acidity arises from uronic acids. '
d If a1l methoxyl groups located in this acid.
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would make it of considerable potential commercial interest. It has

the highest ratio of arabinose to galacfose recorded so far, the

Vpreviogs highest being from A, nubica7; a high methoxyl content,

surpassed only by A. nilotica8, A._parramattensis9

and A, giraffaeag
a nitrogen content as high as that pteviously reported‘forzany'Acacia,

ie:- A, parramatten6189; a mqlecular_yeight, which is almost as high

as that recorded previously, ie:= A, arabica O (2.3 x 106) and an

intrinsic viscosity, which, for specimen III, equals the highest

values previously recorded for A. laeta11 and A.Aparfémattensisg.>

With such a high protein content, and the presence.bf more than
one component (see later), it appeared that contributions to the |
thical :otation in Qater_from tertiary structures were possible.
Rotations in 7M urea were thercfore determined, but the.valuesv
were'only slightly different and always more positive than in water

" as was found in a prev1ous studj 2 (see Section III).

VI.5. HETEROGENEITY STUDIES

With a view to proceedlng to a detailed structural study of the
gum from A. tortilis ssp. heteracantha specimen I, crude gum (68 g) |
waé dissolved in distilled water (2 1) giving a viscous, clear
solution,‘which was purified as described previously and obtained
as the freeze-dried product (51 g; 75% yield). The normal tests for

‘homogeneity were carried out to determine whether the gum from
A, tortilis ssp,'heteracantha was_heteropolymolecular and ahalagous

. to A. campylacantha13, A, laeta11

and A.'senegal14.gums.‘ Interesting

- results were found; these:prompted the examination of the other
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specimens of the subspecies and also of the other subspecies
themselves.

Ion exchange chromgtography on a DEAE - cellulose column
(46 x 1.3 cm), using a sodium chloride gradient (0.0 - 0.5M in
0.02M - acetate buffer), produced one rather diffvse-looking peak -

and not a sharp symmetric peak as found for Anacardium occidentale .

(section IV) and Cqmbretum erythrophyllum (sectiog V). The peak
"tailed-off'" rather noticeabiy giving the impression of there
possibly being a shoulder (see Figure VI.A).
Zohe-electrophoresis~of the polysaccharide was carried out on.
strips of cellulose acetate on both O.1M - ammonium carbonate |
buffer (pH 8.9) and 0.1M - acetate buffer (pH 4.7) and, whereas

single'bands were obtained with the Combretum and Anacardium samples

fun at the same time, two distinct thin bands‘were observed, the
less dense band running faster. Similar results were obtained by
‘ thinnlayer electrophoresls on Phorcslides in O.1M - ammonium
carbonate buffer (pH 8.9) and 0,05M - borate buffer (pH 9. 2) at
200 volts for 10 minutes (see Figure VI.B). Thin-layer electro-
phoresis of the polysaccharide dyed with Procion Brilliant Red
M-2B dye could not be carried out as the dyed pélysaccharide was
insoluble after freeze-drying.

An ultracentrifuge run was carried out at 44,000 rpm on a 5%
solufion,of°polysaccha:ide in 0.5M - sodium chloride; two distinct
peaks were observed (see Figure}VI.C). Molecular_siéve dhromato-
~ graphy of the polysaccharide showed a single peak at the void volume
"on both Bio-gel A-Sm and A-15m columns, however on a Bio-gel A-=150m

column, a complex two-peak system was observed (see Figure VI.D).
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" FIGURE VI,A. .

JON EXCHANGE CHROMATOGRAPHY ON D.E.A.E. -
.CELLULOSE OF SAMPLES OF
A. TORTILIS SSP. HETERACANTHA

Optical Density .

.70 1150 ~ Elution Volume
FIGURE VI,B.

THIN LAYER ELECTROPHORESIS OF A. TORTILIS SSP. HETERACANTHA
ON PHOROSLIDES

cmomw -

Specimens I and III Specimen II



FIGURE VI,C.
ULTRACENTRIFUGE RUNS OF A. TORTILIS SAMPLES AT 44,000 r.p.m.

(PHOTOGRAPHS TAKEN AT 8 MINUTE INTERVALS) .-

A |
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ssp. Spirocarpa and ssp. Raddiana vér.Pubescens Specimén I

AN

ssp. Raddiana var,Pﬁbescens Specimen II

| /“\af‘~;_;m,

|

*’\E‘aﬂi\‘,J

‘ B6De« Heteracantha Specimen I

ssp..Heteracantha Specimen II

- esp. Heteracantha Specimen III
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FIGURE VI,D.

'MOLECULAR SIEVE CHROMATOGRAPHY OF A. TORTILIS SAMPLES
ON A BIO-GEL A-150M COLUMN

ssp. Heteracantha ~ 88D Sgirocarga'

Specimen I (New Sample) , and ssp. Raddiana var, Pubescens

[

, )

0 20 3 4 50 60 10 20 30 40 50 60
ssp. Heteracantha . o sap. Heteracantha
Specimen II - _ Specimen I (Old Sample) and Specimen III

10 20 30 4 50 60 0 20 30 4 50 60

~
. 4
elution volume
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1

Because of the above findings, homogeneity tests were carried .

out on the .other A, hetegacantha specimens to see if this heterogeneity

was shown by all A. heteracantha samples. Also certain tests were

carried out on the other subspecies as a comparison.

Zone and thin-layer electrophoresis of the three A. heteracantha

subspeciesléhowed that specimens I and III gave two distinct bands,
as fbr the 1arge-3calé sample. However, épecimen II gave one broad
band covering.the same'a:ea as the two bénds of the other specimgpa
(see. FigureVIi.B). | -
Ultragentrifuge runs confirmed f&o-peak systems for all fhree

~ samples from‘Ae.heteracanthé and for esp. raddiana var. pubescens

specimen I (see Figure VI.C). However ﬁhe polysaccharides from ssp.

sgifocargg and esp. gggégggg vare Eubesééns specimen II showed only

one ultracentrifuge peake. » |
Molecular sieve chromatographj on a Bio-gel A-150m column showed

one sharp symmetric peak for ésp. sgirocarggvand-for the two ssp.

raddiana samples. However, ssp. heteracantha specimen I (old sample)

showed only one peak. The peak was not sharp and was not symmetric.

A’similar one-peak system was found for the other two‘heteracantha.-
specimens (see Figure VI.D). The molecular weight, Mw, of the new
specimen I uas~f0unda£o be ~4 x 106, which is double thé value
found for the preéioﬁs; larger-scale preparation. Possibiy sone
sub-sampling effect of the non-homogeneous nodula: fragﬁents could
'ha§e occurred, or degradation iradvertantly taken place.

A, tortilis ssb. heteracantha tﬁerefoﬁe shows the clearest .

evidence to date for the presence of a heterogeneous system in an
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Acacia gum exudate. Clearly, careful attémpts_to achieve fréctiona-
‘tion or the elimination of some impurity will be an‘essential pre—-
requisite to structural studies,

It would be desiréble:to study further specimens to ascertain
whether the extent of the differences between the three specimens
stﬁdied here are typical of a génetically complex_species. Also
it would be of extreme interest to examine gun épecimens from ssp.
tortilis and Esp. raddiana_var.-rﬁddiana; efforts to secure

specimens have been initiatcd.
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APPENDIX

AN OPTICAL ROTATION STUDY OI‘ MIXTURES OF ACACIA SENEGAL
" AND ACACIA SEYAL GUM EXUDATES
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Small améunts of A. sénegal and-A; seyal gum were purified in
the normal way and obfained_as freeze~dried products. Moisture con=-
tents were determined for both samples and their-specific rotations
calculated on a polarimeter. A. sénegal had An.[;izbvvglue of
-30.2o vhich was as equcted.for a good commercial grade 6f‘the gum.
A. seyal had.[;L:b ;29.70. Taking moisture contents into éccount,'
weights of éach gum were taken so as to give a 1%-solution-of a gum
mixture containingv95% A. senegal, 5% A. seial. 1% Sdlutibns of
other-pe:cehtage mixtures were made aﬁd fhe optical‘rotations.qf all

the solutions measured:-'

% Senegal - % Seyal . - [, (degrees)
- 100 ' - ‘ . ~3%0.2
95 , ' - 5 . ~27.4
%0 - , 10 ‘ ~24.5
8 15 . o -21.3
80 20 -17.9
75 - 25 S -15.1
5 - e
5 -3 - - 8.
60 liO - 509
50 , 50 _ - 0.3
45 o 55 ' + 2.5
. & 1EE
s : 5 + 8.
20 SR 20 +12.0
25 75 ' - +14.8
20 80 ' +17.8
15 85 . - +21.2
0 - 9 ' +23.6
5 %5 - : +26.7
- , 100 ‘ . 429.7

A graph of‘[}L:L-against percentage shows a straight-line
correlation, indicating that the'[;Lzb value of a mixture can be
~used to give an approximate value for the percentage of each

~ component present.

»
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