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ABSTRACT 

A glucan of high molecular weight Isolated from stale sugar-cane, and previously 
shown to have a marked effect on sucrose crystalhsatlon processesl, IS a relatively 
lmear dextran Approvlmately 96-97% of Its D-glucose resrdues are mvolved IR 
(1 +6)-E-D linkages and constitute the lmear backbone of the polymer The remammg 
34% of D-glucose residues form branch-pomts by (1+3)-a-D lmkages The penodate- 
oxidation techmque, which has been extensively used by other workers to determme 
dextran structure, gave erroneous results when apphed to the dextran from stale 
sugar-cane 

INTRODUCTION 

For many years, the presence of elongated sucrose crystal (“needIe gram”) 
has been an m&cator of trouble m the cane-sugar industry, either m a raw-sugar 
factory or m a refinery’ 3 Tantaou14, among others, has reported the assoclatton 
of needle-shaped crystals, m Egypt, with cane mfected by micro-orgamsms C-axxs 
elongation of crystals from stale cane has been reported also from Mackay’ and 
Hawan 

In a precedmg paper’, the major causal agent, after isolation from stale cane 
and subsequent punficataon, was Identified as glucan B, Structural studxes of this 
stale sugar-cane dextran are reported herem 

EXPERIMENTAL 

Materrals and methods - Various dextran fractions, vzz, Dextran T4O 
(reported M, -4O,OOO), Dextran 110 (M, - 1 lO,OOO), Dextran 250 (M, -250,000) 
and Dextran 2000 (M, -2 x 106), were obtamed from Pharmacla Al3, Sweden. 
Sagavac 2F, an agarose gel (theoretlcal pore-radius, 44OA, determined upper-hmlt 
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of molecular weight of mcluded protein, 181 x 106) used for gel-permeation chro- 
matography (g p c ), was obtamed from Seravac Laboratones Pty. Ltd Berkshire, 
England 

Carbohydrate assay was performed by the phenol-sulphuric method’, manually, 
or automatrcallys (Tcchmcon Auto-Analyser eqmpment) when contmuous mom- 
toring of carbohydrate concentranon was reqmred 

Neutral sugars, after hberatron by acrd hydrolyses’, and partrally methylated 
sugars, after hberatron by aced hydrolysJsl’, were analysed by gas chromatography 
fg 1 c ) and paper chromatography (p c ) 

G 1 c was performed on a stattonary phase of 3% of ECNSS-M on Gas 
Chrom Q, for al&to1 acetate denvativesg, or on 10% of LAC-4R-886 on Gas Chrom P 
m the case of acetomtnle derrvatives I1 

P c. (descendmg) was camed out on Whatman No. 1 and ~MM paper with 
(I) butanone-water (92 8)) (2) 1-butanol-ethanol-water (5-I 4, upper phase), 
(3) benzene-ethanoi-water-ammoma (200 47 15 1, upper phase) Detectron was 
effected wnh alkahne sliver mtrater2 and p-amsrdme hydrochlonde13 D-Glucose 
oxrdase (Srgma Chermcal Co , Type 11 from AspergzZZzzs nzger), horseradish peroxrdase 
(Srgma Chermcal Co , U S A ), and a-dram&me were used 111 the procedure for 
enzymrc determmatron of D-glucose l4 

HomogenertJ of dextran B1 - A solution (N 1%) of dextran B1 was examined 
m 0 05~ borate buffer (pH 9 6) by free-boundary electrophoresls, using a Perkm- 
Elmer model 38 apparatus Durmg the electrophoresrs m a standard 15-mm Trsehus- 
type cell at 3” for 150 mm, several Schheren dragrams were obtained. In all cases, a 
smgle peak was obtamed 

Each of three samples (N 4 mg m each case) of dextran B, , after solubrhsatron 
m three Merent ways, was subjected to gel chromatography on Sagavac 2F The 
cohrmn (1 5 x 28 cm) was eluted with water at 0 1 ml/mm (controlled by the Auto- 
Analyser pump), and the eluate was continuously momtored for carbohydrate The 
area under each of the two peaks obtamed on each chromatogram (typical examples 
are shown m FJg 1) was measured by a plammeter. Sample (a) was solubmsed by 
tnturatlon m water (2 ml) at ambient temperature, subsequently heated at 75” for 
-2 h, and then heated m a borlmg-water bath for 10 mm before cooling to room 
temperature Sample (b) was solublllsed by tnturatlon urlth 0 5~ sodmm hydroxide 
(0 7 ml), followed by standing at room temperature for 2-3 h before neutralisation 
(wrth acetrc acid) and tiutron to 2 ml Sample (c), after t&matron with 0 15 ml 
of methyl sulyhoxrde, was allowed to stand overnight before drlutron to 2 ml wrth 
u ater. 

In addrhon, a preparatrve-scale fractronatron of dextran Br (1 75 g solub&sed 
m 160 ml of 0 02~ aqueous ammomum acetate) was achieved on a column (5 5 x 
90 cm) of Sagavac 2F by upward-ff ow elutron wrth 0 02~ aqueous ammomum acetate 
Fractrons (5 ml) were collected and grouped, after momtormg for carbohydrate 
concentratron, mto Fractron 1 and Fraction 2 Polymer was Isolated from the above 
fractrons by lyophrhsatron. 



PERIODATE OXIDATION OF DEXTRAN 145 

_I n 
5 

4 

3 

2 

1 

i 

ElutZ volume CnE 

Fig 1 GeLpermeatIon chromatography of dextran B1 on Sagavac 2F Solubxbsed m (0) hot water. 
(6) 0 5M sodmm hydroxide, (cj methyl sulphoxlde 

Froctmn 2 

Fractlonl 

J 
I I 1 I I I J 

1000 aaJ 
cm-’ 600 

FIN 2 Infrared spectra of dextrans 



146 G J LEONARD, G N FUCHARDS 

Prelzmznary analyszs - Carbohydrate ascay of dextran B, (16 9 mg/500 ml), 
by the phenol-sulphunc method, corresponded to 97% of glucan In addmon, the 
same polymer (m 17 mg m trrphcate samples) was acrd-hydrolysed and then denvaused 
to yreld glucrtol hexa-acetate as the only product (100 l%, as glucose equrvalents) 
after g.1.c. (galactttol hexa-acetate as mtemal standard) aualysrs. 

Fraction 1 and Fraction 2, obtained from dextran B, , together wrth Pharmacla 
nextran 2000 and the ongmal dextran B,, were examined m KBr drscs (1 mg of 
polymer/100 mg of KBr) by 1 r spectroscopy (Frg 2) 

Methylatzon analyszs of dextran B1 - The mitral methylanon of a sample 
Q 164 g) of dextran B, was by the Haworth procedurel’ This procedure was 

repeated twrce before recovery of the partially methylated glucan (1 92 g) by dlalysrs 
and lyophrhsatron. Further methylatron by the Kuhn procedure was attempted, 
usmg essentially the experrmental condltrons described by J&rst and Percrvalls, 
and subsequently by repetrtron of a modified l6 Purdue methylatron procedure When 
no further change occurred m the 1 r. spectrum of the product (12 g, fractronally 
preclpnated from chloroform solutron wrth l&t petroleum m the usual manner), a 
sample (88 mg) was hydrolysed with formrc acid (5 ml of 900/,) m a sealed tube at 
100” for 1 h Further hydrolysis with 0 25~ sulphunc acid (5 ml) at 100” for 14 h, 
with subsequent removal of sulphate ions wJth Amberhte IRA-400 (acetate) resm 
and evaporation [38” (bath), 2-3 cmHg], produced a syrup of partmlly methylated 
sugars The molar ratios of these sugars, after conversion mto acetomtnle derrv- 
atIves, were determmed by g 1 c 

Subsequently, a sample (0 25 g) of dextran B, m methyl sulphoxlde (12 ml) 
was methylated by use of methylsulphmyl carbamon16-‘*. Without Jsolatron of 
the product, thrs methylatron procedure was apphed three times A colourless film 
of methylated polymer (0 24 g) was isolated by dralysis and chloroform extraction 
m the usual manner Fractronal preclprtatron of this product from a chloroform 
solutron produced a major fracuon (203 mg) after addition of -4 volumes of light 
petroleum (b p 60-80’) An i r. spectrum of a polymer film of thrs major fra&on, 
cast on a KBr drsc, showed zero hydroxyl absorptron Analysts of the methylated 
fragments, after aced hydrolyses and work-up m the usual manner, was made by g 1 c 
(of acetonitnle and alditol acetate derrvatrves) (Table I), p c , and paper electro- 
phoresrs Prehmmary fracuonatron was achrered by descendmg paper chromato- 

graphy -2 h on ~MM Whatman paper with solvent (I) After location, each fractron 
was eluted from the respective strip of the chromatogram. Each of the three frac- 
bans was subsequently analysed by co-chromatography with various reference 
compounds on Whatman No 1 paper (Table II) In addrtron, the dt-O-methyl 
fractron was analysed electrophorencally (400 V, 30 mA) m 0 05~ borax for 3 h on 
Whatman 3MM paper (11 x 34 cm) against reference sugars 

Penodate oxzdatrcn - (a) The dextran B, (62 mg/lOO ml) was oxr&sed m the 
dark at 35’ w&h an aqueous solution of sodium metapenodate (1 5 mmoles/lOO ml) 
Periodate reduced1gy20 (Ag 3) and formic acid liberated2 ’ were measured Pharmacla 
Dextran T20#0 was treated m the same way for comparison 
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TABLE I 

G L C IDENITFICATION OF MSTHYLATED FRAGMENTS DERIVED FROM DEXTRAN B1 

Methylated sugar Toa of alditol acetate TGa of acetonrtrtle Molar ratro of 

dermatzw derwatwe metontlnle 

demxztrves 

Tetra-O-methyl fractlonb 10 10 35 
2,3,4,6-Tetra-0-methylglucosec 1 0 10 
Tn-O-methyl fracttonb 2 57 246 1000 
2,3,4-Tn-O-methylglucosec 2 57 246 
2,3,6-Tn-O-methylglucoseC 264 2 57 
2,4,6-Tn-0-methylglucosec 184 1 60 
Dl-O-methyl fraction* 5 33 432 35 
2,3-Dx-0-methyIgfucoseC 5 88 6 75 
2,4-Dt-0-methylgiucoseC 5 33 4 32 

“r,= retention time relative to that of 2,3,4,6-tetra-O-methylglucose (as aldltol acetate or a.ztomtnle 
denvatwe) bMethylated fragments derwed from dextran B1 =Authentlc samples 

TABLE II 

PAPER-CHROMATOGRAPHC IDENTIFICATION OF METHYLATED FRAGMEhTS DER1VF.D FROM DEXTRAN BL 

Methyiated sugars RGLl 
(Solvent I) 

Rd Mlgratlon dstnnce 
(Solvent 2) (Solvent 3) 

Band IIIb 
2,3,4,6-Tetra-O-methylglucoses 

Band IIb 31 
2,3,4-Tn-0-methylglucosec 31 
2,3,6-Tn-O-methylglucose 29 
2,4,6-Tn-O-methylglucosd 26 

Baud I* 
2,3-Dt-O-methylglucose’ 
2,4-Dt-O-methylglucosec 

47 
47 

13 31 30cm 
16 34 3 8 cm 
13 31 30cm 

54 

54 

45 
45 
43 

Corncldent 

22 1 cm 
22 1 cm 
186cm 
17 8 cxn 

“Rc value= rmgratlon of methylated sugar relative to D-glucose ‘Chromatographlc bands of 
metnylated sugars denved from dextran B1 after fractlonatlon on ~MM paper CAuthentlc samples 

(b> In a separate expenment, dextran B, (126 mg/200 ml) was oxxdlsed with 
petiodate over a longer penod, and the propotion of unoxxdlsed u-glucose (by D- 

glucose oudase assay) was measured after reduction with sodium borohydnde and 
acid hydrolysls22 23 (Table III) 

RESULTS AND DISCUSSION 

Although the stale-cane dextran B, produced a sharp carbohydrate peak’ 
on Sepharose 2B or 4B, thus was not necessdy mdlcative of homogeneity because 
the peak occurred near the exclusion 1-t of the gel A large molecular size (appar- 
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ent molecular we&t >20 x 106) or, alternatively, the occurrence of molecular 

aggregates was thus mdrcated. In fact, rechromatography on a more porous gel, 

Sagavac 2F, gave two carbohydrate peaks However, the ratro of peak areas changed 
according to expenmental condrtrons (Fig 1) 

Sample Solvent Area ratzo Sum of areas 
(peak IJpeak 2) (peak I fpeak 2) 

g; Hot Cold water water 381 381 30 30 

Alkali 431 41 
Me,SO 941 56 

It 1s unhkely that the changes m relatrve amounts of the specres of different 
molecular weight have resulted from any change m covalent bonding (e g , between 
water and Me$B salvation) The two peaks, therefore, do not represent structuralIy 

drEerent polysacchandes The I r. spectra of Fractton 1 and Fraction 2 are rdentrcal, 
the small shoulder at -790 cm- ’ m each case mdrcated the same low percentage 
(probably24 less than 5%) of (l-,3)-lmkages (Frg 2) In addthon, free-boundary 
electrophoresrs of dextran B, m borate solutron mdrcated a single molecular species 

It 1s possible that the two fractions (peaks 1 and 2) represent aggegates, rather 

than chemrcal heterogeneity, because the ratro of peak areas changes according to 
the method of solubrhsatron From these results, rt appears that the sample solubrhsed 
by the more effectrve hydrogen bond-breaker (Me2SO) produced the hrghest propor- 
tron of specres of hrgher molecular werght, but thrs would be surpnsmg if peak 1 
represents aggregates produced from peak 2 However, the mass of polymer taken 
for each chromatograpl-nc run was approximately the same, and the sum of the peak 

areas shows that more polysacchande was recovered from the column after treatment 
wrth the more effecttve solubrhsmg agents It seems more hkely, therefore, that, in 
dextran B, , a proportron of the matenal IS present as aggregated and relatrvely 
insoluble forms, perhaps produced by mtermolecular hydrogen bondmg dunng 
previous drymg or storage of the sample Subsequent treatment of the sohd wrth 
various solvents may then dissolve a vanable percentage of the relatrvely msoluble 
specres, dependmg on the effectrveness of the solvent as a hydrogen bond-breaker 
In such crrcumstances, rt 1s envrsaged that the mcompletely dispersed matenal was 
mechamcally held on the column 

Comparison of i r spectra of Fractrons 1 and 2 with a spectrum of Pharmacra 
Dextran 2000 mdrcated structures possessm g charactenstrc absorptron bands for 
(1~6)~glucos~drc hnkages (917 22 and 768 + 1 cm- ‘) and for a-ghrcosrdrc hnk- 
ages ” 26 (844 28 cm-l) (Frg 2) 

Complete methylatron was not achieved by a commonly used sequence of 
methods, z e., Haworth, Kuhn, and Purdue methods, even though several repetrbve 
Purdre-type methylatrons were used The final Purdre methylatron, although the 
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polymer was soluble m methyl rodtde, produced no change in the i r spectrum, 
and apprectable hydroxyl absorptton was still evident Hydrolysis of the methyIated 
polymer at tlus stage showed an rmbaIance of “branch points” to “end groups”, 
z e , the ratro of di-O-methyl to tetra-O-methyl derivatives was -2 5 1, instead of 
the anttcipated 1.1, as shown below. 

Methylated fragment Molar ratlo 

Tetra-O-methyl sugar 6 
Tn-O-methyl sugar 89 
Dl-O-methyl sugar 14 
Mono-O-methyl sugar 4 

In this case, the mono-O-methyl derivative(s) was only tentatively IdentiCed 
by paper chromatography and could indicate mcomplete2’ methylanon The unusually 
hrgh resrstance to methylauon may be related to the unexpectedly low result m the 
penodate oxtdation Hawes2* also observed that a dextran Isolated from sugar-cane 
Jmce which had been allowed to undergo mlcrobml detenoranon reslsted complete 
methylanon by conventional procedures. The mcomplete methylanon of HO-3 
was shown to be responsible for the production of an excess of 2,4-di-O-methyl- 
D-glucose after fragmentation of this methylated dextran 

Exhaustive methylation was only achieved by four applications of the Hakomon 
procedure; the product then exhibited no sign&ant 1 r. absorption for hydroxyl 
Almost complete recovery of the polymer was obtamed The component sugars, 
after acid hydrolysis and subsequent g 1 c analysis, are shown m Table I The molar 
rattos (3 5 100 3 5) of tetra-, tn-, and di-0-methylglucoses mlcated that a branch 
pomt occurred every 28 or 29 glucose residues The complete absence of mono-O- 
methylglucoses and the good correlation of tetra- with di-0-methylglucoses mdlcate 
the completeness of methylanon and the rehabmty of the results 

The rdentificabon of the major methylated fragment, as 2,3,4-U-i-O-methyl-D- 
glucose, was made after paper-chromatographic analysis (Table II) and g 1 c It was 
mterestmg to note that, whereas 2,3,4-trr-O-methyl-D-glucose was not well-separated 
from the 2,3,6 derivative but easily resolved from the 2,4,6 derivative by g 1 c , the 
2,3,4 denvanve was easily separated from the 2,3,6 denvative, but not the 2,4,6 deriv- 
ative, by paper chromatography Such an identication indicated that the malor 
part of this glucan consrsted of regrons of (l-G?)-lmked, lmear chams of D-@UCO- 

pyranose restdues 
Smularly, the two mmor fragments were rdentied by p c , g 1 c , and paper 

electrophoresls as 2,3,4,6-tetra-O-methyl-D-glucose and 2,4-di-O-methyl-D-glucose 
(electrophoretrc mobmty, Mo 0 09; cf 0 21 for 2,3-di-O-methyl-D-glucose This 
mchcated that non-reducmg end-groups (some 34% of all D-glucose residues) are 
D-glucopyranose residues, wlnle branching of the molecule (some 3-4% of all D- 

glucose readues) IS entnely by (1+3)-lmkages 
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TABLE III 

F&SULTS OF A s&DAY PERIODATE OXIDATION OF DEXXRAN B1 

Reactton hme Penodate uptake GIucose (%) Giucose (%) 
(days) (mole/mole of AGU) recovered theoretzcaliy 

after Smith expected from 
degradatron perrodate uptake 

4 1 53 23 24 
11 1 78 85 11 
18 I 88 41 6 
38 t1 3-4n 

“3-4% of glucose IS expected from the methylatlon study 

recovered after Snnth degradation at various time-intervals, revealed a decrease m 
glucose directly related to the increase m periodate reduced Thus, if one assumes 
that this dextran contams only (I++ and (1+3)-lmkages, the expected recovery of 
glucose (calculated from the penodate reduced) is m reasonable agreement with the 
glucose actually recovered (Table III) 

If the slow, “secondary” oxidation phase represented the further oxidation of 
previously oxidised glucose residues, the glucose liberated by Srmth degradatton 
would have been expected to remam approxrmately the same, while penodate uptake 
increased The observed periodate-uptake after 18 days, UIZ , 1 88 moles of penodate/ 
mole of AGU, Indicates approxnnately 6% of (l-+3)-lmkages, m reasonable agree- 
ment with the methylation results However, further slow consumptron of periodate 
was observed for periods up to 35 days, both for dextrans B, and T2000 

A comparrson of the behavrour of dextran B1 with Pharmacra dextrans, 
durmg simultaneous penodate oxldatton for 38 days, indicated that the periodate- 
oxidation method gave the anticipated results with the latter dextrans, i e , 1 9 moles 
uptake after 1 day followed by slow “over-oxidation” up to 2 4 moles after 30 days. 
Significant differences therefore do exist between the behaviour of tins dextran and 
the Pharmacia dextrans, despite the fact that they have similar numbers of (l-+3)- 
branch pomts as shown by methylatlon. Although prolonged periods of oxidation 
of dextran B1 may lead to more reasonable results, the problem of differenttatton 
between spec&. and non-specific oxtdanon becomes very dtthcult. 

The foregoing results clearly indicate that the periodate-oxidation technique, 
at least when applied to various stale sugar-cane dextrans, can gtve very nusleadmg 
results 

We have lmphed, m the above, that the “hmdrance” to complete penodate 
oxtdatton may be associated with bondmg of hydroxyl groups (e g , on C-3) to 
aldehyde groups formed durmg early stages of the oxidation (cf ref 3I), and no doubt 
this 1s a partial explanation of the effect However, rt seems quite probable that the 
resistance to complete periodate oxldatron may also be related to the abnormal 
resistance to complete methylation through some form of temporary protectton 
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(e g , non-covaIent) of HO-3 which IS not, as yet, understood It is possibIe that such 
effects may also be reIated to the variable macromolecular assocxahon mdrcated III 
Rg 1, and that with some dextrans, poIymer aggregates may persist m so1ut1on 
during methyIation or oxidation, most hkely as relatively highly ordered reBons 
if this IS the case, then our results mlcate that HO-3 IS prommently mvolved in such 
mterpolymer bondmg 
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