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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 crystallisation processes!, 1s a relatively
hinear dextran Approumately 96-97% of 1ts D-glucose residues are mvolved 1n
(1—6)-e-D Iinkages and constitute the linear backbone of the polymer The remaining
3-4% of D-glucose residues form branch-points by (1—3)-«-D inkages The pertodate-
oxidation technique, which has been extensively used by other workers to determune
dextran structure, gave erroneous results when applied to the dextran from stale
sugar-cane

INTRODUCTION

For many years, the presence of elongated sucrose crystal (“needle gramn™)
has been an mndicator of trouble 1n the cane-sugar industry, either 1n a raw-sugar
factory or 1 a refinery? ®* Tantaow*, among others, has reported the association
of needle-shaped crystals, 1n Egypt, with cane mnfected by micro-orgamsms C-axis
elongation of crystals from stale cane has been reported also from Mackay® and

Hawan®

In a preceding paper!, the major causal agent, after isolation from stale cane
and subsequent purification, was identified as glucan B; Structural studies of this
stale sugar-cane dextran are reported herein

EXPERIMENTAL

Materials and methods — Various dextran fractions, viz, Dextran T40
(reported M,, ~40,000), Dextran 110 (M,, ~110,000), Dextran 250 (M,, ~250,000)
and Dextran 2000 (M, ~2x10°), were obtained from Pharmacia AB, Sweden.
Sagavac 2F, an agarose gel (theoretical pore-radius, 440A, determined upper-limt
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of molecular weight of included protein, 181 x 10°) used for gel-permeation chro-
matography (g p ¢), was obtained from Seravac Laboratories Pty. Ltd Berkshire,

England
Carbohydrate assay was performed by the phenol—sulphuric method”, manually,

P, SRR | T B, SEPE, JS . Toremer oriiiems o d P S
or automatically® Llculmcon ﬂu[O-AIldlybcr cqu1pmcu|.) when continiuous moni-

toring of carbohydrate concentration was required
Neutral sugars, after hberation by acid hydrolysis®, and partially methylated

sugars, after liberation by acid hydrolysis'®, were analysed by gas chromatography
fg1c) and paper chromatography (p ¢)

Glc was performed on a stationary phase of 3% of ECNSS-M on Gas
Chrom Q, for alditol acetate derivatives®, or on 10% of LAC-4R-886 on Gas Chrom P
n the case of acetomtrile derivatives?!

P c. (descending) was carried out on Whatman No. 1 and 3MM paper with
(I) butanone-water (928), (2) 1-butanol-ethanol-water (5'14, upper phase),
(3) benzene-ethanoi—-water-ammoma (20047 151, upper phase) Detection was
effected with alkaline silver mitrate!? and p-amisidine hydrochloride!® p-Glucose
oxidase (Sigma Chemical Co , Type 11 from Asperg:illus niger), horseradish peroxidase
(Sigma Chemical Co, US A), and o-diamisidine were used in the procedure for
enzymic determination of D-glucose!#

Homogeneity of dextran B, — A solution (~1%) of dextran B, was examined
in 0 05M borate buffer (pH 9 6) by free-boundary electrophoresis, using a Perkin—
Elmer model 38 apparatus During the electrophoresis 1n a standard 15-mm Tiselrus-
type cell at 3° for 150 min, several Schlieren diagrams were obtained. In all cases, a
single peak was obtamed

Each of three samples (~4 mg 1n each case) of dextran B,, after solubilisation
mn three different ways, was subjected to gel chromatography on Sagavac 2F The
column (1 5x 28 cma) was eluted with water at 0 1 ml/min (controlled by the Auto-
Analyser pump), and the eluate was continuously momtored for carbohydrate The
area under each of the two peaks obtained on cach chromatogram (typical examples
are shown in Fig 1) was measured by a plamimeter. Sample (a) was solubilised by
trituration in water (2 ml) at ambient temperature, subsequently heated at 75° for
~2 h, and then heated in a boiling-water bath for 10 min before cooling to room
temperature Sample (b) was solubilised by tnituration with 0 5M sodium hydroxide
{0 7 ml), followed by standing at room temperature for 2-3 h before neutralisation
(with acetic acid) and dilution to 2 ml Sample (¢), after trituration with 0 15 ml
of methyl sulphoxide, was allowed to stand overnight before dilution to 2 ml with
water.

In addstion, a preparative-scale fractionation of dextran B, (1 75 g solubilised
m 160 ml of 0 02M aqueous ammonium acetate) was achieved on a column (5 5x
90 cm) of Sagavac 2F by upward-flow elution with 0 02M aqueous ammonium acetate
Fractions (5 ml) were collected and grouped, after momitoring for carbohydrate
concentration, into Fraction 1 and Fraction 2 Polymer was 1solated from the above

fractions by lyophilisation.
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Preliminary analysis — Carbohydrate as<ay of dextran B,; (16 9 mg/500 ml),
by the phenol-sulphuric method, corresponded to 97% of glucan In addition, the
same polymer (~ 17 mgin triplhicate samples) was acid-hydrolysed and then derivatised
to yield glucitol hexa-acetate as the only product (100 1%, as glucose equivalents)
after glc. (gatactitol hexa-acetate as mternat standard) analysis.

Fraction 1 and Fraction 2, obtained from dextran B, , together with Pharmacia
Dextran 2000 and the original dextran B,, were examined in KBr discs (1 mg of
polymer/100 mg of KBr) by 1r spectroscopy (Fig 2)

Methylation analysis of dextran B, — The mtial methylation of a sample
(2164 g) of dextran B, was by the Haworth procedure!'® This procedure was
1epeated twice before recovery of the partially methylated glucan (1 92 g) by dialysis
and lyophilisation. Further methylation by the Kuhn procedure was attempted,
usmg essentially the experimental conditions described by Hirst and Percivall3,
and subsequently by repetition of a modified'% Purdie methylation procedure When
no further change occurred in the 1r. spectrum of the product {1 2 g, fractionally
precipitated from chloroform solution with light petroleum mn the usual manner), a
sample (88 mg) was hydrolysed with formic acid (5 ml of 90%) 1n a sealed tube at
100° for 1 h Further hydrolysis with 0 25M sulphuric acid (5 ml) at 100° for 14 h,
with subsequent removal of sulphate i1ons with Amberlite IRA-490 (acetate) resin
and evaporation [38° (bath), 2-3 cmHg], produced a syrup of partially methylated
sugars The molar ratios of these sugars, after conversion into acetomtrile deriv-
atives, were determined by glc

Subsequently, a sample (0 25 g) of dextran B, 1n methyl sulphoxide (12 ml)
was methylated by use of methylsulphinyl carbanion!6-18. Without isolation of
the product, this methylation procedure was applied three times A colourless film
of methylated polymer (0 24 g) was 1solated by dialysis and chloroform extraction
in the usual manner Fractional precipitation of this product from a chloroform
solution produced a major fraction (203 mg) after addition of ~4 volumes of Iight
petroleum (bp 60-80°) An ir. spectrum of a polymer film of this major fraction,
cast on a KBr disc, showed zero hydroxyl absorption Analysis of the methylated
fragments, after acid hydrolysis and work-up 1n the usual manner, was made by glc
(of acetonitrile and alditol acetate derivatives) (Table I), pc, and paper electro-
phoresis Preliminary fractionation was achieved by descending paper chromato-
graphy ~2 h on 3MMm Whatman paper with solvent (I) After location, each fraction
was eluted from the respective strip of the chromatogram. Each of the three frac-
tions was subsequently analysed by co-chromatography with various reference
compounds on Whatman No 1 paper (Table II) In addition, the di-O-methyl
fraction was analysed electrophoretically (400 V, 30 mA) 1n 0 05M borax for 3h on
Whatman 3MM paper (11 x 34 cm) against reference sugars

Periodate oxidaticn — (a) The dextran B, (62 mg/100 ml) was oxidised in the
dark at 35° with an aqueous solution of sodium metaperiodate (1 S mmoles/100 ml)
Periodate reduced*®:2° (Fig 3) and formic acid hiberated?* were measuted Pharmacia
Dextran T2000 was treated in the same way for comparison
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TABLE 1

G L C IDENTIFICATION OF METHYLATED FRAGMENTS DERIVED FROM DEXTRAN B,

Methylated sugar Tg?® of alditol acetate Te® of acetonutrile Molar ratio of
derwative derwative acetonitrile

dernatives

Tetra-O-methyl fraction® 10 10 35

2,3,4,6-Tetra-O-methylglucose 10 10

Tri-O-methyl fraction? 257 246 1000

2,3,4-Tr1-O-methylglucose® 257 246

2,3,6-Tr1-O-methylglucose® 264 257

2,4,6-Tri-O-methylglucose® 184 160

Di1-O-methyl fraction? 533 432 35

2,3-Di1-O-methylglucose® 588 675

2,4-D1-O-methylglucose® 533 432

T = retention time relative to that of 2,3,4,6-tetra- O-methylglucose (as alditol acetate or acetonitrile
denivative) ®Methylated fragments denived from dextran B; “Authentic samples

TABLE II

PAPER-CHROMATOGRAPHIC IDENTIFICATION OF METHYLATED FRAGMENTS DERIVED FROM DEXTRAN B;

Methylated sugars Rg? Rg? Migration distance
(Solvent 1) (Solvent 2) (Solvent 3)

Band III* 47 54 Coincident

2,3,4,6-Tetra-O-methylglucose® 47 54

Band I1* 31 45 221 cm

2,3,4-Tr1-O-methylglucose® 31 45 221 cm

2,3,6-Tr1-G-methylglucose® 29 43 i86 cm

2,4,6-Tr1-O-methylglucose® 26 178 cm

Band I? 13 31 30cm

2,3-D1-G-methylglucose® 16 34 38cm

2,4-Di1-O-methylglucose® 13 31 30cm

R value = migration of methylated sugar relative to D-glucose ?Chromatographic bands of
metnylated sugars denved from dextran B, after fractionation on 3MM paper “Authentic samples

(b) In a separate experiment, dextran B, (126 mg/200 ml) was oxidised with
periodate over a longer period, and the proportion of unoxidised p-glucose (by D-
glucose oxidase assay) was measured after reduction with sodium borohydride and

actd hydrolysis22 23 (Table III)
RESULTS AND DISCUSSION

Although the stale-cane dextran B, produced a sharp carbohydrate peak!’
on Sepharose 2B or 4B, this was not necessarily indicative of homogeneity because
the peak occurred near the exclusion limmt of the gel A large molecular size (appar-
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ent molecular weight >20x10%) or, alternatively, the occurrence of molecular
aggregates was thus indicated. In fact, rechromatography on a more porous gel,
Sagavac 2F, gave two carbohydrate peaks However, the ratio of peak areas changed
according to experimental conditions (Fig 1)

Sample Solvent Area ratio Sum of areas
(peak 1[peak 2) (peak 1+ peak 2)

(@ Cold water 381 30
()] Hot water 381 30
©) Alkal 431 41
@ Me,SO 941 56

It 1s unlikely that the changes in relative amounts of the species of different
molecular weight have resulted from any change in covalent bonding (e g , between
water and Me,SO solvation) The two peaks, therefore, do not represent structurally
different polysacchanides The 1 r. spectra of Fraction 1 and Fraction 2 are identical,
the small shoulder at ~790 cm™! 1n each case indicated the same low percentage
(probably?* less than 5%) of (1—3)-linkages (Fig 2) In addition, fiee-boundary
electrophoresis of deatran B, in borate solution indicated a single molecular species

It 1s possible that the two fractions (peaks 1 and 2) represent aggregates, rather
than chemical heterogeneity, because the ratio of peak areas changes according to
the method of solubilisation From these results, 1t appears that the sample solubilised
by the more effective hydrogen bond-breaker (Me,SO) produced the highest propor-
tion of species of higher molecular weight, but this would be surprising if peak 1
represents aggregates produced from peak 2 However, the mass of polymer taken
for each chromatographic run was approximately the same, and the sum of the peak
areas shows that more polysaccharide was recovered from the column after treatment
with the more effective solubilising agents It seems more likely, therefore, that, in
dextran B, a proportion of the material 1s present as aggregated and relatively
insoluble forms, perhaps produced by intermolecular hydrogen bonding during
previous drymg or storage of the sample Subsequent treatment of the solid with
various solvents may then dissolve a variable percentage of the relatively insoluble
species, depending on the effectiveness of the solvent as a hydrogen bond-breaker
In suck circumstances, it 1s envisaged that the mmcompletely dispersed material was
mechanically held on the column

Comparison of i r spectra of Fractions 1 and 2 with a spectrum of Pharmacia
Dextran 2000 indicated structures possessing characteristic absorption bands for
(1—6)-glucosidic linkages (917 +2 and 768 +1cm™*) and for a-glucosidic link-
ages®® 2 (844 +8cm™ ) (Fig 2)

Complete methylation was not achieved by a commonly used sequence of
methods, 7z e., Haworth, Kuhn, and Purdie methods, even though several repetitive
Purdie-type methylations were used The final Purdie methylation, although the
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polymer was soluble in methyl 10dide, produced no change in the ir spectrum,
and appreciable hydroxyl absorption was still evident Hydrolysis of the methylated
polymer at this stage showed an imbalance of “branch points” to “end groups”,
1 e, the ratio of di-O-methyl to tetra-O-methyl derivatives was ~2 51, nstead of
the anticipated 1.1, as shown below.

Methylated fragment Molar ratio
Tetra-O-methyl sugar 6
Tr1-O-methyl sugar 89
D1-O-methyl sugar i4
Mono-0O-methy! sugar 4

In this case, the mono-O-methyl derivative(s) was only tentatively identified
by paper chromatography and could indicate ncomplete2? methylation The unusually
high resistance to methylation may be related to the unexpectedly low result 1n the
periodate oxidation Hawes?® also observed that a dextran isolated from sugar-cane
juice which had been allowed to undergo microbial deterioration resisted complete
methylation by conventional procedures. The incomplete methylation of HO-3
was shown to be responsible for the production of an excess of 2,4-di-O-methyl-
p-glucose after fragmentation of this methylated dextran

Exhaustive methylation was only achieved by four applications of the Hakomori
procedure; the product then exhibited no significant 1r. absorption for hydroxyl
Almost complete recovery of the polymer was obtamned The component sugars,
after acid hydrolysis and subsequent g1 ¢ analysis, are shown in Table I The molar
ratios (3 5100 3 5) of tetra-, tri-, and di-O-methylglucoses indicated that a branch
point occurred every 28 or 29 glucose residues The complete absence of mono-O-
methylglucoses and the good correlation of tetra- with di- O-methylglucoses mdicate
the completeness of methylation and the reliability of the results

The i1dentification of the major methylated fragment, as 2,3,4-tr1- O-methyl-D-
glucose, was made after paper-chromatographic analysis (Table II) and glc It was
interesting to note that, whereas 2,3,4-tr1i- O-methyl-D-glucose was not well-separated
from the 2,3,6 denivative but easily resolved from the 2,4,6 derivative by glc, the
2,3.4 dervative was easily separated from the 2,3,6 derivative, but not the 2,4,6 deriv-
ative, by paper chromatography Such an identification indicated that the major
part of this glucan consisted of regions of (1—6)-linked, Iinear chains of D-gluco-
pyranose residues

Sumilarly, the two munor fragments were 1dentified by pc, glc, and paper
electrophoresis as 2,3,4,6-tetra-O-methyl-D-glucose and 2,4-di- O-methyl-D-glucose
(electrophoretic mobihity, Mg 009; ¢f 021 for 2,3-di-O-methyl-D-glucose This
mndicated that non-reducing end-groups (some 3-4% of all D-glucose residues) are
D-glucopyranose residues, while branching of the molecule (some 3-4% of all D-
glucose residues) 1s entirely by (1—3)-linkages



150 G. J. LEONARD. G N. RICHARDS

The results of the methylation study are therefore consistent with the ir
spectrum of glucan B, .

Periodate oxidation of dextran B,, by the procedure which has been very
extensively used in structural analysis of dextrans (e g, Jeanes et al ?9), revealed
unexpected results Approximately 153 millimoles of periodate per mullimole of
“anhydroglucose” umt (AGU) (by extrapolation) were consumed with concomitant
hiberation of 075 mequiv of formic acid The periodate uptake formed a plateau
after 10~15 h (Fig 3), without significant increase in level subsequently up to 55 h
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Fig 3 Periodate oxidation of dextrans —O—O—, Dextran T2000, —@—@—, Dextran By

Considering the majonty of hinkages as (1—6), with some possible branch-
pomnts at (1—2), (1—3), or (1-54), these results would indicate that 75% are (1—6)-
linkages. The moles of periodate reduced mnus 2 x moles of formic acid produced
[claimed?® to be a measure of (1-2)- and/or (1—4)-hnkages] 1s 003 or ~3% of
(1-4)- andfor (1—2)-linkages, while 22% appear to be (1—3)-like linkages Thus
mdication of D-glucose residues mvolved 1m (1—3)-lmkages, or alternatively resistant
to oxidation, was confirmed when 23% of D-glucose was recovered from the Smith-
degradation products of dextran B, (Table III) Such results are contradictory to
those obtained from the methylation analysis

Resistance to periodate attack of some “hindered” C-3 hydroxyl groups,
perhaps weakly bonded3%:3! with aldehyde groups already formed by periodate
oxidation, seemed likely. Therefore, dextran B 1 was subjected to periodate oxidation
over a period of 38 days to detect any further periodate attack at position 3, in antic-
ipation of a corresponding decrease 1n the glucose 1solated after Smuth degradation
Further, slow uptake of periodate occurred and subsequent analysis for glucose,
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TABLE III

RESULTS OF A 38-DAY PERIODATE OXIDATION OF DEXTRAN B,

Reaction time Periodate uptake Glucose (%) Glucose (%)

(days) (enolefmole of AGU) recovered theoretically
after Smuth expected from

degradation periodate uptake

4 153 23 24
11 178 85 11
18 188 41 6
38 <1 3-4°

23-4% of glucose 1s expected from the methylation study

recovered after Smith degradation at various time-intervals, revealed a decrease m
glucose directly related to the increase in periodate reduced Thus, if one assumes
that this dextran contains only (1—6)- and (1—3)-linkages, the expected recovery of
glucose (calculated from the periodate reduced) 1s 1n reasonable agreement with the
glucose actually recovered (Table IIT)

If the slow, “secondary™ oxidation phase represented the further oxidation of
previously oxidised glucose residues, the glucose liberated by Smuith degradation
would have been expected to remain approximately the same, while pertodate uptake
increased The observed pertodate-uptake after 18 days, viz, 1 88 moles of periodate/
mole of AGU, indicates approximmately 6% of (1—3)-linkages, in reasonable agree-
ment with the methylation results However, further slow consumption of periodate
was observed for periods up to 35 days, both for dextrans B, and T2000

A comparison of the behaviour of dextran B; with Pharmacia dextrans,
during simultaneous periodate oxidation 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 this dextran and
the Pharmacia dextrans, despite the fact that they have similar numbers of (1—3)-
branch points as shown by methylation. Althongh prolonged periods of oxidation
of dextran B, may lead to more reasonable results, the problem of differentiation
between specific and non-specific oxidation becomes very difficult.

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

We have implied, in the above, that the “hindrance” to complete pertodate
oxidation may be associated with bonding of hydroxyl groups (e g, on C-3) to
aldehyde groups formed during early stages of the oxidation (¢f ref 31), and no doubt
this 1s a partial explanation of the effect However, it seems quite probable that the
resistance to complete periodate oxidation may also be related to the abnormal
resistance to complete methylation through some form of temporary protection
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{e g , non-covalent) of HO-3 which 1s not, as yet, understood It is possible that such
effects may also be related to the variable macromolecular association mndicated 1n
Fig 1, and that with some dextrans, polymer aggregates may persist m solution
during methylation or oxidation, most likely as relatively highly ordered regions
If this 1s the case, then our results indicate that HO-3 1s prominently mvolved in such

interpolymer bonding
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