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ABSTRACT

Water soluble and water insoluble polysacchsrides were isolated

from sucrose~broth cultures of lL. mesenteroides strain NRRi B-1299,

The polysaccharides were identified as o ~D-glucopyrans and
assizned to the dextran clasa of polysaccharides from a consideration of
their properties. )

Methylation end pericdate oxidations of the polysaccharides established[/
that they have highly branched structures. The branching occurs through
1+2,6 linked glucose units.

The majority of the glucose units in each case are, however, 1-»6
linked although the polysaccharides do also contain smaller percentages
of 1-»3 linked glucose units in intra chain positions,

From the available data a repeating unit (see page 57) is pfopOSed
for each polysaccharide.

Igolation of a series of isomaltose homologues from partial ecid
hydrolysis indicated that the polysaccharides contain chains of < =(1-»6)
linked glucose unitsj whicﬁ prdbably form the molecular skeletons.

Examination of oligosaccharides from a partisl acetolysis indicated
thet branches of the water soluble polysaccharide are more than one
glucose unit long.

Enzymic degradation of the water soluble polysaccharide gave
oligosaccharides whose structures indicated that some vranches are at
least two glucose units long and probably consist of four glucosyl units.
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I. INTRODUCTION

The term dextran has been aprlied to members of a class of bacterial
polysaccherides, composed predominantly of KL-Deglucopyranose units.
These units are joined principally by the ««(1-»6) primary glucosidic
linkage, but mey in addition contain verying percentages of K=(1-+4),
K=(1+3) and &=(1-»2) secondary glucosidie links; usually situated at
branching points.

The dextrans investigated in this work were produced by the action,

on sucrose, of Leuconostos mesenternoides NRRL B-1299, a strain of chain

'forming coccus belonging to the bacterisl family lactobacteriscese, tribe

Streptococcse, genus Leuconostoe, species Leuconostos mesentercides

(Betacogous Arsbinosaceous).

Historical

The species of bacteria leuconostoe mesenteroides was first noted

1

elmost a century ago.
Cienkowski (1878) investigatiné an outbresk of slime in sugar factory
vats, 1solated and studied the organisms responsible. Among them he
noted a chain forming coccus, producing about itself a large gelatinous
capsule, which upon innoculation into sugar solutions produced slime.

Cienkowski described the strain as Ascococcus mesenteroides, believing it

to be related to a recently isolated, yet little known, Agcococcus.
Van Tiegham® (1878) studied the organism more fully end, deciding

that it was morphologically and physiologically distinct from an Ascococcus,

epplied it i1ts present generic neme of lLeuconostogc. The name Leuconostoe

resulted directly from the microscopic appearance of the growing organism,
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whose colourless, slimy, globular masses resembled the well known blue=
green Nostoc algae.

Many different strains of L. mesenteroides have since been isolated
from such widely separated sources as slimy sugar solutions, fermenting
vegetable matter and milk products. In 1944 Sugg end Hehre’ observed a
new strain of the organism which they named leuconostoc mesenteroides
strain K, This organism was deposited with the U.S. Department of

Agriculture collection of typed cultures (1951) as L. mesenteroides NRRL

B-1299.

Beijerlinck (1912)4 had first identified the slime produced by this
species of organism as a dextran: the name dextran having been conceilved
by Scheiblez5 many years earlier (1869) to describe a polymer, related to
starch and dextrin, which he had isolated from sugar vat mucilages.

Recént interest in dextrans was stimulated shortly after World War II,
when it was realised that they could be used a&s blood plasmﬁ volume
expander materials.6 An intensive surveyzx%f’dextrans produced by many
strains of micro orgenisms was initisted by the North Regional Research
Laboratories of the United States Department of Agriculture. The research
programme was concerned with tjping dextran producing organismg and
investigating the most suitable cﬁlturing conditions foi dextran production.

Methods of isolation, fractionation and purificatidn of the dextrans
were examineds The purified dextrans were each subjected to a limited
structural analysls and a selected few chosen for degradational studiess
principally to essess commercial usefulness. (Since 1945 some 700

patenta on dextrans and their derivatives have been issued in 26 countries.).zs
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One of the most significant findlngs ¢f this survey has been that
each dextran was in ltself uniquet the strain of the parent micro
organism not the culturing conditions determined both the chemical and
serological properties of any dexiran., As & consequence dextﬁms are
usuelly named after the parent micro organisms. The dextrans produced

by L. meéer_lcteroideg NERL B-1299, efter fractionation, sre referred to es

B-1299 S dextran and B~1299 L dextran, The suffix S denctes a eulture
medivm Soluble dextran end L indicates & culture medium insoluble or
Lesser soluble dextran.

Structursl studies

The general chemlstry of the dextran class of polysacchéxides hes

been reviewed periodicallys notably by Evans (1946),8 Barker (Jl952),9

)
Neely (1560)*° and Memners (1966),** whilst selected blbliographies have

12(

been published by A. Jeanes - (U.S. Department of Agrioulture) in 1952,

1960 and 1963,
| Survey of this literature has indicated that the structures of the

B-1299 dextrans have so far been investigated only by means of periodate

oxidations,15 partial degradations with acetolysis reagentsm'ls and

through studies of their immnochemical reactious.l&'zl

A, The first structursl informstlon about the B-~1299 dextrans was
obtained as a result of oxidizing the molecules with sodium meta.periodatexu 2
when the amounts of perlodate reduced and formic ecid liberated in the
reactions were used to calculate an spproximate distribution of the
glucosidic links in each polysaccharide fraction.

13b
- This analysis revealed 1liti{le difference between the two dextranst
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in B-1299 S dextran 50% of the units were linked 1-»6 and 50% could have
been either 1+2 or 14 linked, whilst B-1299 L dextran contained 58%
of 1+ 6 linked units, 38% of units which could have been either 1+2 or
1+ 4 linked and 6% of units which may have been 13 linked,

Thig msthod of analysis had been conceived 2s & means of obtaining
structural dats rapidly from dextrans produced by 96 strains of bacteria,nb
and as such had limitations of scecuracy. The method, together with the
calculztiona involved, is discussed mere fully on page 29— 32.

2 et el. later modified these figures by studying the optical

Sent1?
rotations of the dextrens in cuprammonium solution.

Reeves®> had noted that the optical rotations (at 43538) of simple
glucosides were greatly decressed 1f the molecules were complexed with
cupramzonium at the 2,3 hydroxyl position. Campleﬁng at the 3,4
hydroxyl position, however, caused an increase of rotation; 41if both
these positions were complexed the rotational shift was neglizible.

The rotational shift of a 1+ 6 linked glucose unit was calculated
from experiments on cuprammonium complexes of the homologous series of
oK={1-+6) linked methyl glucosides of degrea of polymerisation 1 to ll.22
Using this value in conjunction with the enrlier nﬁservations (of Reeves)
an equation was derived which ecould distinguish between the 14 snd 12
linkages in dextrans. Application of this analysis to the B-1299
dextrans indicated that each contained 2 high percentage of 12 links,
The modified periodate figures weres B-1299 S dextran 50% 1+ 6 links,
38% 1-»2 links, 127 1-»4 links; .B—1299 L dextran 58% 1-»6 links, 34%

1+2 links, 2% 1+ 4 links and 6% of links which could have been 1+ 3.



E. Chemical evidence to confirm the presence of thed=(1-»2)
linkage in the B-1299 dextrans came initially from Japanese workers.14
They carried out a pzrtial acetolysis 6n the vnfracticnated dextran and
were able to isolate kojibiose (2«0=ol=D gl‘ucOpyranosyl-D-glucoPyranose)
in good yield. Sualler guantitles of nigerose (3-0-c-D-glucopyranosyle
D—-glucopyrmosa) wera also found, bul malitoss was not observed,

Helu:els alse applied this method of degrudatiovn to a series of
dez;trans, including B~1293 5 dextran from which he identified, by paper
chrometography, components with migrations ddenticzl to those of
kojivlose and nigerose bul not maltose.

This method of deg);aaation has proved particularly valusble for
1dentifying the secondary glucosidie links in dextran molecules. The
attaching species is believed to be a solvated acetylium ion (CE}.CO‘B)
widch, for possibly steric reasons, brecks primery glucosidie links
faster then secondary ones, Tlgé method ie discussed further on page{9.

Ce The immunochenicsl studies on the B=1299 dextrsns have been
particularly extensive and stimulated much of the earlier interest in
these dextrans., It waz found that dextituns were able to participate in
8 type of precipitin reoction in which the dextren, ecting as a goluble
sntigen, was sble to react or cruss react with scluble antibodies to
produce a measurable preoipitate.24

Heilll and Hehre,16 exswining sucrose-broth supernstants, noted that
Leuconcstoe pclysaccharides were serologically reselive not only with
Tevecnostog sntiserumas but elso by cross reaction with robbit antiserums

to types II »nd XX (end smometinmes type XII) pnewscecocei, This led them



to divide the Iguconvgstec kecteria inte two serologically different
groups, A and B,Cerctype & Leucconostecs showed cross reaction im high

dilotion with types II, XX and XIT antiseruns, Serotype B Leuconostocs

roeg reacted only with types IT end XX entiserumg. Among the suwall

nurter of Serctype 4 Leuconcstegs wes L. mesenteroides strain K (MNRL

1-1299).

A gtructural desis feor the unusuel recctivity ¢f the dextrens from
IIRL B=1299 strain has been propoced by Kabat in a series of experiments
with antidextran entiserums and cross reacting eanti pneumococcal a=:eruxnsa.:"7"2l

Ka‘cs.z..tn i‘oum& thet purified dextrans were enliigenic in man: Injection
of smell quentities of dextran stimulated production of entidextran
antitodies (precipitine) erd using refinements of the Lendeteirer hapten
inkibvitieon reacticn,24 it became poscible tc elucidzte the structursl
requirement of the combining site of the entidextran melecule.

Moet dextrans tested produced sntilodies with & specificity directed
tovards the K-(1-»6) glucosidie linkege;l-, 28 the immune resction was
strengly invitifted by the isomsltodextrires, with icomalicpentacse end
isomaltokezscse (on & meler baecis) being the best inhibitors. - However,
in one individual injected with B-12%2 £ dextren, a second antibody
population was proixiced.ls It vas noted that with the iscmaltose series
of oligoszcchiarides inhibition wee not greest yet with oligoceccherides of
the malteose series it was mch improved; mcltotriose srd meltotetracse
were nctebly better inhibitors than maltose itself.

These findings would estadlish the reguirement for inhibition of the
non 16 cpecific entibody comtining group as invelving two L-glucosidie

lirkages and s minimm of two ard a maximum of three pyranose rings. The
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inference being that B-1299 S dextran could well contain short terminel
chains of two or three «-(1-+4) linked glucose units, and that all the
ot~(1-+>4) linkages do not occur at branching points on a primary chain of

«=(1+6) linksges, as had already been noted for B-512 dextran. 2!

Later evidencezz
ke

the ... -(1+» 4)/ linkages of the B-1299 dextrans were probably 1-2 linksges,

from cuprammonium rotational analysis, that many of

and the aveilability of kojibiose and nigerose, allowed a reassessment of
these findings,

Re-immnisation'® of human subjects with B-1299 S dextran sgain
provided antisera with non 1-»6 specificity. The capacity of other
dextrang to precipitate this type of antide;ctra.n could be correlated with
the proportion of 12 linkages presgent, when the linkage values were
calculated from cuprammonium rotational data.22

Among dextrans thus tested B-1299 L dextran showed one of the highest
reactivities. Moreover, quantitative inhibition findings showed kojibiose
to be the best inhibitor of precipitation in these reactions; maltose,
nigerose a.nd isomaltose showed significantly lower inhibitory capacity,
suggesting en antibody specificity directed against glucosyl residues in
&Ke(1-+2) linkage. Earlier studiest! had shown that sugars at non=-
reducing ends of chaing contributed most to antibody reactivities, with
each successlve sugar contributing a smaller increment, and =o it would
seem probable thaf many chains in the B-1299 dextrans are terminated at
non-reducing ends by kojibiosyl (2-0-o=D-glucopyranosyl-D-glucopyranosyl)
units, |

It has now been established that the cell wall polysaccharides of
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the pneumococci, whose antiserums cross react with dextrans, contain
LeD-glucose residues.26 - It is elso certain that, for cross reactions
tc occur, the structural arrangements of the glucose units in both dextren
and pneumococcus rust be similar.

The cross reactions of types II, IX, XII and XX antipneumocoocal mera

vith & number of dextrans, hag been investigated.zo‘z}'

Types 11 and XX
antisera show the greatest reactivity with dexitrans having a high
percentege of 1+ 6 linkages (periocdate data)‘f5 Inhibition of the cross
reaction iz greatest with isomaliodextrins.

The capecity of each dextran tested to precipitate these antiserums

20 pa299 1,

wag found to be proportional to the content of 16 linkages.
dextran chowed & weak cross rezetion yet fell into the expested ranges.
B-1299 S dextran was unusualt it had & greater capacity to cross react
than could be expected from its content of l+ 6 lirkages. A possible
explanation may be sought in the exlstence of short c¢hains of non 16
linked units, an arrengement which, if present, would reduce the numbers
of guch units capable of interrupting sequences of 1+ 6 linksges and so
glve rige to longer sequences of terminal 1+ 6 linkages and res‘glt in the
obzerved greater croes reactivity.

Antipneumococeal type XII cross reactivity was directed against the
L=(1»2) ].3'.::1«::~.’.ge.21 Dextrans with a high content of 12 linksges (es
determined by cuprammonium rotational experiments)ms'showed the greatest
capacity to precipitate entibody; whilst kojiblose was the best
oligosaccharide inhibitor, Both the B-1299 dextrans had similar cross
reactivities, and the highest of the dextrens tested, which were strongly
inhibited by kojibiose. It would sppear from these experiments that a
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large number of chaing in these dexirans are terminated by Ke(1-w2} linked
glucose units.

Eesults obtained with type IX sntipneumococcal serum proved more
¢ifficult to interpret.gl . The greatest cross reactivity occurred with a
dextran having & high percentage of -(1-»3) linkages#énd thdis eross
reaction was greatly inhibited by nigerose., This would indicate a
specificity directed towarda the L-{1-»3) linked glucose unit. However,
the B=1292 dextrans hsd & far greater capscity to precipitate this
antizerum then could be anticipated from the content of 1-+3 linkages in
each, and the rsaction wase inhibited equally well by nigerose, kojibiose
and meltose. Alsq;a trisaccharide, 3«0=deD-glucopyrenosyleq-0deD-
glucopyranosyl-Deglucopyrancse, on a molar basis, was three times ss
effective an inhibitor while the isomeric trisaccharidey 4-0-o&D=
glucopyrenosyl-3~0eD=glucopyranosyl-D=glugopyranose, proved to be even
betier, -

These experiments indicate the presence of two antiboly populatiocnss
one directed egainst the 4-0-GD-glucopyrenosyle>s=0--Deglucopyranosyl
srrangenent of terminal wiits, end the other dirested egainst teruinal
units linked «=(1+3) to the rest of the chain., If this is true then it
could well indicatse that certain chains in the B-1299 dextrans sre
terminated by o&-(1-»3) linked glucose units, whils® possibly cthers ere
terminated by an o(~-(1-»4) linked glucose unit which is adjacent to &
o-(1+3) linked unit.

This summarises the more important structural work so fsr reported

for the B-1299 dextrans, from which it msy be concluded that:
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1. the two polysaccharides contain €~(1»2), K=(1-+3), = K=(1-»6)
end possibly = o«~(l+4) linked glucose units.

2, the ratio of 1-»6 linked units to secondary glucosidically linked
units is slmost unity,

Z. sequsnces of secaﬁdary glucosidically linked wnits may be present

&t the non-reducing ends of the chains,

4.  the polymers mey ox mey not have a braoching structure.

The pozmsible structurzl arrangements encompussed by these obsexrvations
ere indiczted in fig., 1. The typlcal branched dextran is reprasented by
the structurs shown in fig. 13, which bas a beckbone of 16 linked
gluceose residues to which side chaing are atteched through the secondary,
ivge 1»2, I+7 or 14, linked unita, Many of these brenches may’
consist of a single gluccsyl unit.27

The unbrenched {lincar) structurs shown in fig. 18 may be regarded
.as of a non dextran tyye, but can be compsred with ths alternating
sequences of 1% and 14 linked ol-D-glucose tnite seen in l?igeran.za

In the following sections of the thesis further chemical evidence
will be presented with the inteation ¢f distingulshing more fully between

these extremes of structure,
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II, SOME ASPECTS OF THE STRUCTURES OF TWO PEXTRANS PRODUCED IN

CULTURFS OF Leuconostog mesenteroides NRRIL, B-1299

A, Preparation and gome physical properties of the B-1299 DOLYSaccharides

The Leucenostoc mesenteroides NRRL B-1299 micro organism (donated by

the U.S. Department of Agriculture) was preserved as described in expt. 1,
and was inoculated into a sucrose-broth medium to synthesise the B~1299
polysaccharide when required (expte. 2).

The polysaccharide produced could be separated into culture medium
soluble [S] and culture medium insoluble [L] fractions, which were
purified by repeated precipitation from ethanclic solution, deproteinated
end freeze dried to white powders containing less than 1% nitrogen
(expt. 3).

Some physical characteristics of the two polysaccharide fractions
are gshown in Table II.l.

Table II.1. Some physical properties of B-1299

polysaccharides
Polysaccharide | Ash content | [o]?0 €e1.0 |  Solubdlity
’
(%) (B-Na0l) Vater | B~NaOH
Fraction [5] | 6.5 + 211° Soluble | Soluble
Fraction [L] 2.3 + 220° Insoluble | Soluble

Optical rotations were détermined in N-FNaOH (expt. 5) and ash
contents by complete combustion (expt. 4).

Absorption pesks located in the infra red spectrum of each poly-
saccharlde are shown in Table II.2.

The spectra resembled closely those reported for the primarily
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&=(1-»6) linked dextran polysaccharides.29

Table II,2, Absorption pesks located in the
infra red spectra of B-1299 polysacchsrides

. Absorption pesk 20
(en™t) Origln
764 x=(1-+6) glucosidic linkage
847 aC-D-glucOpyranose ring
918 K~(1-+6) linked glucose unit

The ontical rotations shown in Table II.l. provided the first
evidence = later substantiated by periodate oxidation, acid hydrolysis
and acetolysis experiments « that the culture soluble ESJ end insoluble
[L] polysaccharides isolated in expt. 3 were identical to the B-1299S
([ + 210°) and B-1299L ([o]F + 216°) dextrans reported by Jeanes
and oo~workers.15b
| In future discussions, therefore, the culture soluble [s]
polysaccharide will be referred to as B-1299S dextran and the culture
insoluble [L] polysacchéride as B=1299L dextran,

In certain respects this was a significant finding for it provided
evidence that the B-1299S and B-1299L dextrans were (structurally)
distinet polysaccharides synthesised by the same micro organism rather than

fractions of the seme polysaccharides this point will, however, be

discussed more fully later.
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B, fomplcte scid hydrolveis of the B-1229 polysaccheridea
to determine their monoszecharide constituents

It has been feported that certain strains of L. messnteroides,
wheh cultured on a sucrose medium produce varying amounts of fructan
in sddition to dextran, 1*72+33 |

Although the KRRL B-1299 micro organism sppears tc synthesise
only dextrans (glucans) the possitility remained that the cultures used
in the present work may have elaborated smsll amounts of fructan in
addition to dextrans.

The monossccharide constituents of each polysaccharide were,
therefore, investigated after complete acid hydrolysis of the molecules.

Ag the optimum conditions for cleavage of fructoaidicB4

and glucosidie
links35 are not identical, two hydrolysis experiments were carried out.

In expt. T(a), a small quantity of each dextran was mildly hydrolysed
under conditions (0.2¥ sulphuric acid, 1 hour, 70°C) designed to completely
cleave fructosidie links with the minimum degiadation of any fructose
liberated, After neutralisation, the hydrolysates were freed from non-
hydrolysed polysaccharide, éoncentrated and spotted on paper chromatograms
(with fructose and glucose as reference compounds) which were eluted with
solvent (f).

The chromatogramé were developed with spray resgents (a) and (d)‘
(specific for ketohexoses)34 which showed that fruclose was abgent, although
a trace of a component migrating as glucose was present in each hydrolysate.

In expt. 7(b) a small quantity of each dextran was hydrolysed under

conditions (2§ sulphuric acid for 8 hours at 100°C) which would completely



15

cleave glucosidie links with the minimum degradation of any glucose
liberated = although any fructose present would have been extensively
degraded.,

The hydrolysates were neutralised before being concentrsted and
gpotted on paper chromatograms with glucose a&s the reference compound.
The chromatograms were eluted with solvent (f), and then developed with
spray reagent (a), which revealed that each dextran gave a single
hydrolysis product whose migration rate was identical to that of glucose.
| Each component from the hydrolyses had a mobility in borate
electroghoresis identicel to thet of glucose aud, after reduction, a
mebility in molybdate electrophoresis congistent with thet of glucitol,

Thé characterisation of each component was completed by converting
it into the crystglline sugar (expt. 7(c)) and the acetate derivative
(expte 7(d)), which had physical consisnts compsrable to those of
Deglucose and D=glucose F»-penta acetate respectively (see Table II.3.).

Table II.3. Properties of the monosaccharides liberated from

R~1299 polyssccharides

Crystalline sugér Leetate
Dextren | ¢, | Mixed Eoc;]g Yiela* | Mpt. | Mixed
°¢ Mpt. | (equilibrium)| (mz) °C Mpt.
B=1299S |139-146 | 139143 4529 762 130=-1%1 | 129-131
B-1299L (138144 | 137~141 +51¢ 178 129-171 | 129-131

* From 1.5 gm. dextran.

Anhydrous K-D glucopyrsnose has a reported36 melting point of 145-146°C,
20
end an [Cln  + 112% +52.59 (equilibrium) D-glucose {3-penta acetate has a
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repm:"t;ecl37 melting point of 13%°C,
The glucose content of each polysaccharide was determined, after
complete hydrolysis, with the enzyme resgent glucose oxidase (expt. 7(e)).
The results, uncorrected for ash content, were as follows:
B-1299 S dextran  95.%%
B-1299 L dextran  94.1%
It was, therefore, concluded that each of the B~1299 polysaccharides
isolated in expt. 3 was a pure dextran (glucsn).

Co Pexrtinl scid hydrolysis of the B.1299 polvsaccharides: 1o establish
the presence of 1-»6 linked glucose residues

Whilst the basic monosaccharide units may dbe identified by complete
ecid hydrolysis of a polysacchoride; valuable information m:y be
obtained by examining (oligosaccharide) products from the partially
degraded molecules characterisation of which will indicate how the
menosaccheride units are assembled into the parent polysaccharide.

Extensive use Las been made of acid hydrolysis as a means of
partislly degrading polysacchsri&es.ss

Experiments with disacchsrides have established the order of
stability of «~glucosidie links to scid hydrolysis?'% - the-(1-+6)
linkage being three or four times more registant then a secondary
KL-linksge (cee page105 e

Hence, periial acid hydrolysis of sn~glucan would eppear to
provide one of the best means of obtaining fragwents containing the
«K=-(1+6) linkage, if present.

Wnen this technique was applied to dextrans4l'45 the products

consisted almost exclusively of K={1-»6) linked ollgosaccharides
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(isumaltoss howmologues) whioh sugzested thet this class of polysaccharide
contained as & general feature & backbone of L={1-+6) linked glucose |
unitse

To determine whether Bel1299L &nd B-1299% polysaccharides « vhich had
baen provisionall& classed ag dextrans by earlier workers on the basis of

16,21 .14 pericdate oxidation datal>® - had the

serological reactivities,
typical dextran backbone, each was partially hydrolysed with dilute acid
(expt. 8(a)).

After ﬁeutralis&tion, the kydrolysates were concentrated and spotted
on paper chromatograms (with gluccse and isomeltcse homologues ns
reference compoundz) which were then eiuted with eolvents (a) end (f)
respectively. |

. The fractionated.componenfs 2t 7 (shoﬁn in Table II.4.) had
migration rates identical to the series of isomaltose homologues, and
gave in addition e green éfain with eprey reagent (c), cheructeristic
of glucose oligosaccharidss with 6=o-gubstituted reducing units.46

When the Ry value (see page\57) of esch component was plotted
againpgt & dégree of polymerisatiéh provisionally assigned on the basis
of ite chroustographic migretion rete, a straight line (Fig.IT.l.)

ckaracteristic of a homologous series47 of oligossccharides was obtalned.
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Table II. 40

Chromatographiec properties of oligosaccharides
produced by hydrolysis of B-1299 polysaccharides

Solvent (f) | Solvent (a) | Staining
Component - Intensity | Possible identity
Re | Ru | B¢ | By | spray (a)

1 1,00 | 0.78 | 1.00 | 0.35 10+ Glucose

2 0.46 | 1.15| 0.50 | 0.74 3+ Isomaltose

3 0420 | 1.54 | 0.24 | 1.09 2+ Isomaltotriose

4 0.09 | 1.88 ) 0.12 | 1.43 + Isomaltotetraose
5 0.04 | 2,19 0.06 | 1.75 + Isomaltopentsose
6 0.02 | 2,49 0,03 | 2,09 + Isomaltohexaose
T 0.01 | 2.88| 0.0 | 2,37 + Isomaltoheptaose

These preliminary results, therefore, indicate that both B-~1299S

19

and B-1299L polysaccharides have ylelded a series of isomaltose homologuest

this could point to the possibdility that each has a backbone, typical of

dextrans, consisting of <-(1-+6) linked glucose units,

A more complete characterisation of the partiel acid hydrolysis

products from B-1299S dextran appesrs in section IIIB.

D, fAcetolysis of B-1299 dextranst 4o estsblish the presence of non-1-+6

linked glucose residueg

Matsuda and co-workers40 have demonstrated through experiments with

K -glucose disaccharides that the order of stability of Leglucosidic links

to acetolysis reagents is 12> 1+3>1+4 > 16 (see Fig.I1.2.) which is

the reverse of that found in partial acid hydrolysis (see F’-B‘-III.'O)'
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The increased stability to acetolysis of the secondery L-glucosidie
links has been attributed to the greater sterio hindrance to the
attacking species « the solvated acetylium ion - at the glucosidic link
formed through the less 'open' secondary hydroxyl positions compared
with the primery hydroxy). position.48

These results show that, as a method of degrading e{~glucosidic
links, acetolysis is complementary to acld hydrolysis, and explain why
partial ssceftolyses have enabled various workers to igolate fragments from
dextrans containing secghdary glucosidic linkages in grester yields than
had been possible through partiai acid hydrolysis experiments. |

Through e.cétolysis it vhas heen estatlished that dextrans may contain
many glucose units linked °<~(1->2).14’49 (1—»5)14’42 and (?l.-vlt)"j'3 in
addition to those linked o(-(1-+6).

To investigate specifically any secondary links which nay be present
in the B-1299 dextrans, small amounts of each polysaccharide were partially
degraded with acetolysis reasents ss described in expt. 9(a).

The acetates formed were deacetylated and the rates of mlgration of
the free sugars were compared with those of standard compounds on paper
chromatogramg eluted with sclvent {a), The chromatograms were developed
with spray reagents (a) end (c¢) (which gives a characteristic colour with

each C-glucose disaccharide=46

nigerose [« -(1-+3), grey], maltose
(x-(1+4), blue], kojibiose [«-(1+2), brown] and iscmsltose [«~(1-+6),
green]). ‘

In eddition each fragment separated in solvent (a) was eluted from

the paper chromatogram and subjected to electrophoresis in borate and
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(after reduction) in molybdate electrolytes.

The resulta of these experiments are swummarized in Teable II.S5.
which indicated thet easch dextran gave (on acetolysis) a similar
digtribution of components with psper chromatographic and electrophoretio
propertleg identicel to those of glucose, nigerose, kojibiose, isomsltose
~eand isomeltotriose., Some additionsl unidentified components were elso
observed but not a fragment ;orresponding to meltose [RG (solvent (a))
0.67, ¥g (borate) 0,32, Mgy (molytdate, on reduction) 0.46].

Table II.5. Chromatographic properties of the oligosaccharides
produced by escetolysis of the B-1299 dextrans

sl g HS* SZ:igigg fﬁiiﬁi?iy Pogsible
Component so%z§nt borate | molybdate epray spray ide;tity
(¢) (2)
‘1 1.00 "1.00 1.00 Green 10+ Clucose
2 0,48 0.70 07O Green + Isomaltose
3 0,26 0.60 0.60 Green + Isomaltotriose
9 0.75 0,71 0.00 Grey? + Figerose
8 C.62 0,32 0.70 Brown 5+ Kojibiose
10 0.13 0427 - - + ?
11 | 0.04 | 0.25 - - + ?

* After reduction with sodium borohydride.

These preliminsry results indicate that each dextran contain$ in
addition to the 1-»6 link, a high percentage of 12 links with a smaller
proportion of 1+ 3 links, Neither seemed to contain the l-»4 link,

A more complete examination of the fragments from acetolysis of

B-1299S dextran appears in section IIIC.




E. An attempt to determine a ratio of 1+ 6 to non-l-+»6 linked glucose
unita b arnplicetion of Huclear laometie Resonsnce (M) spectreoscony

to B-1299 dextrens

Paseka and Cragg5o have examined the NMR spectra of deuterated
dextrans produced by*NRRL B-512 and B-742 micro organiéms, end report
that MR spectroscopy may provide e particulerly repid mesns of
determining the degree of brénching, or more correctly the retio of
glucose units linked 1-»6 to those linked non-l-6 in polysesccharides
of this type.

Because sccummilated chemical evidenceoP? 4122

suggested that the
B-1239 dextrans contain ' considerable nutbers of ron-l-w6 linked
glucose units (see pages 3«9) successful spplicstion ¢f the MR
spectroscopic technique to these dextrans would be especially wvaluable.
Congsequently, the method was examined in more detail end an attempt was
made to extend it to the B-1299 dextrans.

50

In their initial experiments Paseks &nd Cragz” had used deuterated
isomaltotriose as a model compound to aid peek assignments, because of
its close structural similarity to B-512 dextran before investigating
the spectra of the larger dextran molecules.

The spectrum which was obtained from the principally £-(1+6)
linked B-512 dextran51 is reproduced in Fig.II.3., and the assignments

of the spectral peaks are shown in Table II.6,

latd
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Table I1.6., Apsignments of absorption peaks in the
NR spectrum of deuterated B-512 dextran

Chemical shift
P

eak (ppm)* Protong responsible

1l «3.75 on 05 and 06 carbon atoms

2 «3.95 on 02, 03 and C 4 carbon atoms

3 =4.84 DoH

4 ~5.09 on Gy carbon etoms
associateé with the K=(1-+6)

glucosidic linkage

# relative to a TMS externsl standard, sll shifts are
to the left of the standard and are given a negative

sign

Vhen, however, the spectrum of the l-+3 branched5 2 B-T742 dextran was
examined an additiohal peak 5 at ~5,40 ppm was obgerveds This peak
could only have been due to the presence of ihe non-1-6 linked units in
the dextran, and therefore the proton responsible must have been either
the one on the C, or C, carbon atoms involved in the oc=(1-+3) linkage.

Because peak 5 could only have arisen at the expense o_f peak 4,
determination of the ratio of the sum of the areas under thése peaks
was & meagurement of the ratio of the signal strengths from protons
assoclated with the 13 and 16 links, and also represented the ratio
of glucose units linked 1-+3 (i.e., non-1+6) to 1-+6 in this dextran.
(s a11 the non-1-+6 links formed branching points52 this also represented

the ratio of branched to unbranched units.)
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When this same ratio was calculated from methylation datasz
excellent egreement was obteined between the two values, which
suggested that the N'R spectroscopic technique might well be applied
to other dextrans containing non-l-6 links.

Samples of deuterated B~1299 dextrans were, therefore.‘prepared by
the method outlined in experiment 10, and their KR spectra were
recorded on a Varian EA 60 IL instrument using a sweep width of 500 eps.
The main features of these spectra are illustrated in Fig. II.4. 4 and B:
each contained a peak 4 at -5.10 ppm {due to protons on carbon atom cl
associated with the 1+ 6 1link), and o péak 6 (probablj due to protons on
elther the C, or G, carbon atom associated with the 12 link) at =5.30
bpm.

Unfortunately, signsl 6 lay furfher upfield then had signal 5 in

the apgctrum of B-742 dextrsn. This reéulted in overlapping of pesks 4
ﬁnd 6 and made accurate determination of the areas undex these peaks, and
hence precise measurement of the ratio of 16 to non-l-6 links,
impossible. Inspection of the spectra did, however, suggest that 1+ 6
and non-l-»6 linked units might be present in equal proportions in each
B-1299 polysaccharide. | |

A further difficulty encounteied, in recording the B~1299 dextran
spectrs, was that of poor pesk resoiution, which ﬁight well have been due
te the low solubility of the freeze dried polysaccharides in the
deuterium oxide =molvent. | “

In conclusion then 1t would seem that the NR spectroscopiec

technique presented here cannot be directly applied to dextrans containing
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1-+»2 linked glucose units, or which may be particulerly inscluble in

water (or deuterium oxide).

F, Periodate ovidetion experiment t0 egtabiish ths gxpe and

distribution of links in B-1299 dextrang

The Malaprado reac%ion” = in which 1,2 diols are oxidatively
cleaved by pericdato ion - has been particularly applied to determining
the structures of carbohydrates because of their polyhydric nature.

The oxidation of a typical (polyhydroxylic) system is shown in

Fig. IIQSO o .
Fis-II-5.
CH, OH H,c—o0
o (4 )“Io@ *
CHoH | H,Cc=0

——~— Point of c\chase,

VWhen & dextran was oxidized with sodium meta.-perioda.te,u it was
found that = pﬁovided each oxidation took prlace under identical conditions =
the amounts of periocdate reduced and formic acid released,. per anhydro
glucose unit, in .a given tine we:ée characteristically constant for that
particular molecule, Fur'chemoré, thése experimen‘éal figures could be
used to calculate en approximate distribution of linkages within the
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X2 linked glucose units# or which may be particularly insoluble in

water (or deuterium oxide}»

BD isio A & E f, M %

The Malaprade reaotion”®” - in which 1#2 diols are oxidatively
cleaved by periodate ion - has been particularly applied to determining
the structures of carbohydrates because of their polyhydric nature»

The oxidation of a typical (polyhydroxylio) system is shown in

Fig. I1.5.
A F'6 LAN ’
¢H”oh _ HiC=o
(CH-0H", (H Coon)*
CHj"oH H”A"C*O

--------------- 'Point of c\tuVQ~ e,

When a dextran was oxidised with sodium meta.'pericdate#"” it was
found that - provided each oxidation took place under identical conditions
the amounts of periodate reduced and formic acid released# per anhydro
Auoose unit# in a given time were characteristically constant for that
particular molecule.  Furthermore# these experimental figures could be

used to caloulate on approximate distribution of linkages within the
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dextran 111(:)16;;:111@.13 b

The scheme of analysis, proposed by Jeraanes,l3 hovever allowed only
three groups of ankydro glucose units to be recognised, for which
represehtative structures are shown in Fig. II.6.

Glucopyranose units linked through positioné Cl or ﬁl end {}6 -
which were referred to as 1-»6 linked units - could be determined
specifically, as each would reduce two moles of periodate in liberating
one mole of formic acid. but gluwp Ianose waits linked in other ways
could bte placed only in c‘extam categories.

- Those waits 1inke& through poaitions c and 02 or 04 or c ’ 06' Cz

1
or C ea,ch reduced one mole of periodata and did no’c liberate formiec

4
acld, and could not therefore be differentiated. They were collectively
referred to as 1—>4 *like! linked units. -

Finally. units linked through positions Cl and C3 or Ol, 06 and 05
could not be distinguished from certain units multiply linked throuzh

Cy (Cé), 64 and C, or Cyo (66). 04 and C,o These units vere together

3
referred to as 13 'like! ;inked units and remained uhoxidized by
periodate iom.

For polymers as large as native dextrans the effect of the reducing
end unit can be neglected. Thua, the only units which liberate formic
gcid are the 16 linked units. The percentage of 1+ 6 linked units in
the dextran will be equél %0 F.A x 100, when TF.A. represents the number
of moleg of formie acid liberated per anhydro glucose unit of the dextran.

As two moles of periodate ers reduced for each molse of formic ecid

libverated, any periodate in excess of 2 x F.A, must bhave been reduced by
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1-+4 'like' linked units and the percentage of the l1-»4 '"like' units will
be equal to (P.R. = 2 F.4,) x 100, when P.R. represents the total
periodate reduced per anhydro glucose unit of the dextran,

The persentage of 1;-»3 'like' linked units 1; the ie@aiﬂer when
the sum of the 1-+6 and 14 'like' linked units are subtracted from
100 per cent.

These calculations are summarized by the equations shown in

Table II.?.
’ T&bl& 11 .70

Persontage of

units linkeds Caloulation involived:

1*6 Fvo x 100
1+4 '1like' (P.R. = 2 Fo4,) x 100
1+3 'like" ' 100 « (sum of units

linked 1-+6 and 1-»4 'like')

Fods ¢ formio acid liberated moles/mole 4.G.TU.
P.Re t periodate reduced moles/mole A.G.U.
AG,U, 1 snhydro glucose unit,

Although this is a most rapid method for calculating the different
kinds of linkazes, it is not necessa.riiy scecurate: glight errors in
the measu::emeﬁté of either the periodate reduced or formic acid
liverated tend o be mazaified in the finel caleulstions.

The gmafeét sou:cée of erxrvor in the method 'could, hovever, coums
from over oxidation =« tha’c i3 the reduction of a greater number of moles
of periodzta than can be accounted for by the elassical 1,2 diol éplitting

action of periodate ion showa in Fig. II.5. « which would result in an



incressed content of units linked 1w 6 or 1+4 'like' at the expense of
the 1-»3 'like' linked units, when the linkages walues ere cslculated
- from the equations shown in Table II.7. -

The method of enalysis was applied to the B-1299 dextrans as
followss

A known weight of eezch dextran (dried to a constant weight end
corrected for ash content) was dissolved (B<1299 5) or suspended (B-1259 1)
in distilled water and oxidized with en e;ccess of sodium metapecriodate,

equivalent o 2.2 moles per smhydro glucose unit (4GU) of the dextran.
- At regular intervels the pariodate reduced é»xﬁl foimic ecld liberated
| vere measured (expt. 11) and the results, expressed as periodate uptake
:(mule/mle AGU) and formic scid (BCOOE) libersted (mole/mole AGU), are:
shown in Table V.S.v (page193) and reprecented graphically in Fig. IL.7.

The oxidation curves shown izt'xbﬂE‘ig.II.T. do not etteia limiting
values even after 200 hours, whichia . probable indication that - under
the conditions used = ovenvr'oxidation of the dextrans has occurred.

Js@es,13 in sindler oxidations of B-1299 de:;{tra.ns observed. that
limiting velues werse not reached after lso'houf;a oxidation aﬁd,; in the’
absence of these, used arbitrary 72 hour oxidation results to calculafe
the distribution of linkazes shown on pags 4.

A possibly more sa;ﬁisfaetary spproach, adopted‘ here, was made ty
extrapolating the curves back to sez'o‘tima’and calculating the percentages
of linksges from the extrapolated figures, The evaluationsof the
different types of linkeges obtained from these extrapolated figures are

shown in Teble II.8., ‘@nd. are in close asgrsement with the values
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previously repovted by Jeanes et al. o

Table II.8. The results of periocdate
' oxida.tionq of B-1299 dextrans

o Moles/mole AGU % AGT linked
Dextran | . iodate | HCOOH 1ag | 14 | 3=3
reduced released like | like
B-1299 S 0.50 1.49 50 49 1
B-1299 L 0.55 | 1.52 55 42 3

0 establich the identity of the 1+4 'like' linked units, fragments
from the periodéta oxidiéea dexﬁ‘:ians, other than formic acid, were
| examined.54 | | |

In the scheme of fraguentation indicated in Fig. II.8. erythritol is
obtained as the cim;_'acteristie fragment from a periodate oxidized 1+ 4
linked AJG.Us and glyceraldehydé frou an;oxidized 12 linked A.G.U,

Only periodate oxidized terminal non-reducing or 1+6 linked A.G.U.
' give equal molar quantities of .glyceml and 'glycoilic aidéhyde. whilet
Iiglncosa can only arise from an wnoxidized 1+3 ’lil;e' iinked A.C’}.’J.

Identiﬁeat;on and quantitafive estimation54 of thes; various
fraguents allows “b,«:.i'*at'io_o‘i‘.‘ the va:dous kinds of glucésidio linkages to
bs caleuleted which hes the s,dVantége of beingiess affected by over
oxidation reactions (see page 31.) than that-calculated from the amounts

of periodate reduced ‘and formic acid liverated by ths dextran,
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'~ Each of the B~1299 dextrans was oxidizbd with podlum metapericdats,
reduced with sodium bomh,;ﬂride and the resultin dextran polyalcohol
1solatpd as o freeze dried prwier. The exporimenial detalls and
polyalcohol y’ields sTe given in expt. 12(a).

A small quantity of each polyalcolrwl w&svtheﬁlcompliete:ly hydrolysed
witk dilute sulphuric ac:.d (expt. 12(h)). | After neutralisatzon, the
fragments in the hydrolysates vere fractionated on paper chromatograms
eluted with solvents (c) end (@) respectively, and also su’bjeeted to
e¢lectrophoresis in borste ciectrolyte. The frzguents were 1n each cage
located with eprey reagenk (a).

Comparigon of the migration ratea of the fragnents from the polyalcohols
with those of refcrence compourds spotted on the some chromatogrems end
électrophoretegramﬂ (Tutle II.9.) indicsted thet glycereldehyds from 12
lirnked A.CaU. was presert in oach bydrolysate, but not erythritol from a
l»4 linked 8.G.U. The abgence of 14 linked £sGoUs in the:P dextrans
established the impoftmt fsot that the glucose present in the hydrclysates
of voth ‘polyalcakmls mus'h. hieve abizen from uwnoxidised units linked through
the 03 position (see Fig., II. 8.)

The wmelar ratio of the glycollie aldemrde, gl;ecera.ldekyde and glucose
" wes determined (expts 12(c)) by using specific colorimetric reactions, end
the resulis were used to calculate the percentages of units in each dextran

lirked 1+ 6, 1+2 snd 13, waich sre shown in Table I1I.10. -
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Table IT.9. Fragments from the complete hydrolysis
of the B~1299 dextran polyalcohols

Ra R Mo Staining Posaible
Component | solvent | solvent | borate | Intensit Identity
(e) (4) spray (ag
3.7 2.05 1.13; o4 Glycollic
12 diffuse | diffuse 0.57 aldehyde
spot spod .
1.47=~ 1.68
13 5420 diffuse 0.78 * Glyceral
streak | spot
14 2.30 1.73 Q.50 + lycerol
l 1,00 1.00 1.Q0 + Glucose

Erythritol hes an By (solvent (o)) 1.70, Rg (eolvent (d)) 1.43,
My (borate) 0.75. |

Table I1I.,10. The ratio of the fragments fronm qrdroly els
of B=1229 dexitran polyslcohols

B - 4 » o ' 78 -
Dext:!'an Ibl&r &,atlo Of. /0 &GU linn&d-
polyaleohol | oy o010l | Glycessl | Glucose | 16 | 1-+2 | 13
Like
B-1299 § 0456 0,36 0.07 56 | 36 7
B3=1299 L 0.49 032 0.19 49 52 19

The figures in Table II,10, show that there are large percentages
of secondary (i.e. 1-»2 end 1+3) glucosidically linked units within each
B-1299 dextran, which could be an inaication of highly branched structures.

The most significant dif“erence between the dextrans appears to be the
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higher percentsge of glucosze units linked through the €3 porition in the
less water soluble B~1239 L polysaccharide, This is in agreement with
the suggzestion made by Jeanes,55 that decreasing‘wdter solubllity can be
corrclated with increasing percentage of 13 Tinkagea in dextrans;
although in the &bsen»e of moleculax fractionation data the contribution
o? nolecular size cannot be assesved.

The fregment l-o-ot-D—glucopyrenosyl glycerol hag been obtwined
as & product from Smith Degradation,”® i.e. the mild acid hydrolysis of
the ?olyalcchcls,of four daxtrana:27’42'49 such a fregment could only
have arisen from a éituation in the nuﬁive dextran, where 13 and l-»6
linked glucese units ere sdjacent (see Fige1I.9. ~ structures III snd IV).

This indicated the poseibility ikat 13 snd 16 linked glucose
wnits in the 21299 dextrans (identified by periodate oxidation, acetolysis
end acid bhydrolyszis experiments) mizht exist dn a2 similar errangement.

in experinent was therefors curried out to deternine vhether the
glucopyranosyl glycercl ffégment could be cbisined from the polyslcohols
of these dextrans.

n expts 12(d), ench of the B-1299 dextren polyeleohols was
partially hydrolyzed with dilute sulphuric acid and, efter neutralising
the hydrolysates, thé liberated fragmenﬁslwere fractionaved on paper
chromatogrens eluted with solvent (e¢) end aubjected to slectrcphorenis
in borate electrolyte.

The separated‘components were loceted with éé;éy veagents (a) and

(v) (specific foxr reducing groups) end the resultz - which were eszentially
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the seme for Loth dextran polyaleoiols = sre summarized in Tabls II,11,
Gmpariéon of the zigration rates of the fraguents from each
Lydrolysate with stondard rei‘emﬁce compounde Indicated that a fraguent

correspording to glucopyranosyl glycerol [Ry (solvent (e)) 1.0, I
(barate)o.lf}]m wes abrent from both polyaleohol hydrelysstes: from
which 1t was concluded thet the errengements of glucose units shown in
Fige 11,9. vere unlikely to te present in either L=1299 dextrens,

Table 11,11, Frogmenta from rdld hydrolysis of
the Be1299 dextren prolyslcohols

Ty . Stedining Tesotion
, “ iv e Possible
Cuizponent solvent intensity eIy -
, (c) borata spriy (&) (b) Ydentity
3460 1.20% . . Glycollie
12 {aiffuce 060 aldehyde
epot; | :
13 1 z ??;2 ;zg’ 0.80 + + Glyceraldelyde
14 2,30 | 0.50 4+ - Glycerol
x . Glucoeyl
15 2430 0a35 M M glyceraldehyde?|

i reducing fragrent [positive resction with sprey (b), Ry (solvent
(c)) 2430, ¥y (borate) 0.35] which had not previously been reported wes,
howevery present in each B=1299 polyalcohol Lydrolysate.

Altbougzh no more éetaﬂeﬁ charnoterisation was attempted, the
ebsence of glucose from the hydrolysate sugiested that this fragment moy
well hoeve been e gluccaylv glyceraldehyde from an a}:rangemant in the B=1299

. unic :
dextrsns where & 13 and a 1-+2 linked glueose/ are adjacent (see Fig.II,10, =



FIGURE T, o

FRAGMENTS FROM
B-1299 DEXTRAN POLYALCOHOLS,

G = GLUCOSE UNIT.

(1) OX\DATION WITH SOPIUM
META PERIVOPATE,

(i) REDUCTION.

(W) M Acwyp HYPROLYS1S.

CH,OM

H OH

CH,OH

2—0 —k—P-GLUCOPY RANDSYL GLYCEROL
GLYCERALPEHYPE
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structure V).

Such an errangement, if rresent, could provide a poseidle explanation
for the unuszual semlcgiéal reactivity towards £-(1+2) and L={1-+3)
specific antibodies reported by Kabatl! —2t (=ee pagés 5=9)s

G, Methylotion experiments: te_getermine the type snd degree of
brznebiva in Be1299 doxtrang

Perlodate oxidation experiments of the kird described in experiment
12 mey irdicate the presence of secondary linked glucose units in the
dextran but provide no ini‘cmétian ebout the positions of these units
vithin the molscule.

In additicn, only hin certsin clrcurstonces, i.es the sboence of
1+4 or 12 linked urits, mey the presence of 1+3 linked units be
extablished. |

Both thene yoints moy, howevery e resclved through wethyletion
studdes on the dextrsen. In genersl the technique of polyszaccharide
rethylation involves the methei‘ification of £l11 the free hydroxyl groups
in the molecule, complete hydmlysis of the resulting methylated
polysacchsaride snd chseacterisstion snd quantitative estiustion of the
Cpartislly i?etiq,f'la,t»ad. morosacchoride sugars relezsedt ecch of vhich is
ébgracﬁeristic cf rome structursl featuze of the psrent palysa,aéharide.

The shtructurescf wery dexirans heve beer exsmined by the methylation
experiment, from which it hes been estublighed that In generzl:

1) 511 dextrece exe branching polysaccharides; the trenching cecurring
through glueose units linked 1-—'«2,42 1—»443 or 1—>351

2)  the predominant vuits in dextrens sppear to be linked 1642151057
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3)  secondary linked units (i.e. 12, 13 or 14 linked) rarely (if
2t &ll) occur at nonebranching points of the mclecules.49'57’58 ‘
Cf the procedures svzilable for methylating the I-1259 &extranslo
the one which proved to be mmst‘satisfactory was that due to Eodge and
.Karjala.sg - In this method the dextran ia suspsﬁded in boiling liquid
sumonia («34°C) and treated first with sodium metal, to form tie sodium
derivative, and finally with methyl iocdide to complete the methylation;

Complete detalls of tha procciure, as epplied to the E-1299 dextrans,
are outlined in experiment 13(a). ‘ -

After four oxr five treatuments with the methyléting agents, the
partially methylated dextrans wera extrasted with cnlorcform to glve
products with methoxyl contenis of 41.5% (B-1299 L) and 4L.75 (51299 S) =
each corracted for ash content - which hsd only small sbscrptions in the
infra red spectrum et 3,200=%,700 cmfla chexacteristioc of free hydroxyl
groups.cg

| dg a fﬁlly nethylated glucan would have & methoxyl content of 45.6%,
th@ methoxyl contents of the methyleted B-1299 dextrans were considered
sufficiently close to the theoretiecal value for a detailed examination
of their hydrclysis products to he mada.

Pyspdnztion of the methylated B-1299 dextvans,  FEach methylsied dextran

wee initially khydiolysed with sulphuric &ﬁid64 (expts 1%(b)) and the
syrups obtained from the neutralised hydrolysates were fractionated on
paper chromatogrems eluted with sclvens (e).

Separated components were located with spray resgent (b), and, efter
glution from chromatozrame, were subjected to electrophoresis in borate

electrclyte.



The resulis of these experiments appear in Table II,12., in which
each component was identified by comparison of its migration rate with
that of a standard methyl glucoze (Table‘II.IE.). run wherever possible
on the same chromatogrames and electrophorstograms,

A comparison of Tables II.12, and II.l3. indicates that component
16y from each methylated B-1299 dextran, could be 2,3,4,6 tetra=o-methyl
glucose, component 17 = 243,4 tri-o-methyl glucosze and component 18 -
29446 tri-o-methyl glucose., Component 19 appears to be a mixture:
principally of 3,4 dieo=-methyl glucose, but containing traces of 2,3 di-o=-
methyl glucose and 2,4 dieoc-methyl glucose.

Small amounts of mixed mono-o-methyl glucoses (component 20) =nd
glucose (component 1) were also identified.

Small quantities of each methylated dextran ware then methanolysed
(expte 13(c)) and the methyl glucosides released were separated by vapor
phasa chromatogréphy on butanele4-diol succinate polyester (colurm I) and
polyphenyl ether (mebis [mephenoxy phenoxy 7 benzene) (column II)
stationary phasea.Gl

The retention times (see paga|57) of the separated components are
rocorded in Table II,14.

Each componant was identified by comparizon of its retention times
with those of the standard methyl, o-mefhyl glucosides in Tabla II.13.
which were chromatographed wherever possible on the same columng as the
methanolysis mixtures.

Comparison of Tables II.1l3. and 11,14, confirm the previous
identification of methylated sugars 16, 17 and 18, Unidentified peaks



Table II.12,

Chromatographic properties of methyl glucoses produced
by hydrolysis of the methylated B-1299 dextrens :

Mothvlated v Staining | Steining | |
fﬁéﬁiﬁd SOiVen‘k bo:fgte ~ eolour 1ntensit§ ‘ ?ggitﬁ;*
N (e) - spray (b) | spray (b
16 1000 0.00 Red 2+ “-2’3.4.6 tetra-
a7 0,89 | 0,00 | Jellows 2,3,4 tri-
>+
13 0.84 0.00 Red 244,46 trie
' Yellow= '
0.31 brown 2+ 594 di-
19 0.68 0.15 Yallow Trece 243 di=-
0,06 Orange Trace 2,4 die
-0.28 Erown 2y or 4,ucno=-
20 0,40 _ ) ) Trace
0.79 Erown 3, Or 6,mono=
1 017 1.00 :gi:w" Trace Glucose

* of o-methyl glﬁcose

454
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in the vapor phase chromatograms, of each methanolysed 5athylatsd
degtrén, could be dus %o the'a~methyl glucoside o? 34 di»cémethyl
glucoss (componeat 13), whiéh had not previously boen examined ﬁy thig
technique. | | | '

The remalnder of each methylated dextran was’tﬁen hydrolysed with
sulphuris acid64k(expt. 13(d)) and a partion of each syrup was
frectibnated on a papsy chromatégram; |

The molar ratio of the separated methyl glucoces was dstermined by
the method of hypoidite cxidationss (expt. 12(e)(1)). However, es it
proved impossihle to complately resolve ths two tri-o-methyl glucoses
usging solvent (e), the txi~o~methy1.glucoses were combined and estimated.

The experimontal ratio obtained, together with the calculsated
degree of branching (of the methylated B-1299 dexirsns), are shown in
Table IX.15. |

The degree of branching wes bezed on both the tetremo-methyl
glucose unit froﬁ the ron-reducing terminal end units of the methylated
dextrans end the di-o-methyl glucose wnit which répresented the
branching glucose unit in the methylated éextrana.

As the degree of Ptranching (of each methylated dextran) calculated
from both the molai ratios of the tetra~ emd the di~o-methyl glucose
units was nesrly equal, the swmall proportions of monceo-methyl glucorce
and glucose units appear to be the productsof incomplete methylation cof
21l the free hyiroxyl groups of the native dextrans.

The rerainder of the syrups from the methylated dextran hydrolysates

were applied to cellulose columns which were eluted with a butanol/



Table II.14, The retention times (BT mp) of -o-methyl
glucosides from methenolysed methylated B~12S59 dextrans

¥ S from B-1299 S dextran

+ of o-methyl glucosidé

x gee page |57.

Methyl ﬁmosme BT mp* Pogsible
<+
component Column I Colum II identity
16 1.?‘0 1»23 _10510 1;2 243,446 tetra-
N 2,51 |3.54 | 1.37 (188 | ., bk
s 00 [ 4465 | 1.72 |2 6 bl
18 3’3 _4.:/12 g éﬁs 26406 tri-
8,00 | 9.60 | 2.50 | . 7
L | T L
19 :
,- TR | aae-
VL very large pesk
L large peak
M mediwm pesk
8 small peak
Sh shoulder
T trace
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~ petroleum ether mixture (expt. 13(£)).

Each separation was followed polaﬁmetrically and by paper
chromatography (solvent (e))t which indicated an almost complete
separation of the four major components 16, 17, 18 and 19 previously
identified,

The resolution of the tri-o-methyl sugara 17 and 18 allowed an
epproximate value for their molar ratio to be caleulated (expt. 13(e)(11)),
which was based on the polarimetric curves shown in Fig. V.5. (page2oi).
The results, summzrized in Table II,16., mgain indicate that the degree
of branching based on both the tetra-o-methyl glucose unit and the di-o-
methyl glucose unit are elmost equsl.,

More detailed characterisetions of the methylated suzars (separated
on the cellulose columns) are outlined in experiments 13(g) (component 16),
13(n) (component 17), 13(1) (component 18) and 13(3j) (component 19) =~ in
which each component was identified by:

1) comperison of its migration rate end staining properties (spray (b))
in paper chromatogrsphy and borate electrophoresis with asuthentie
methylated sugsrs | }

2) comparison of the retention times of the methyl glucoside derivatives
with those of standard methyl, o-methyl glucosides on two stationary
phases (mes expt, 13(c))

3) Dbeing crystallised or converted to a crystallinae derivative whose
physical properfiés Wer‘e’ compared with thoge of etandard methyl
glucoses.

" The results of these experiments eppear in Table 1I.17. and, for

comparison, the properties of some methyl glucoses are given in Table II.18.
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Comparison of the periodste oxidetion deta (Tatle I1,10,) and tha
methylation resulté (Tablesyll.ls}‘snd II.16.) indicste thet ths B-1299
dextrans aré highly'branched moleculess the branching occurring through
glucose units linked st the Cys €, and Cg positions (see Fig. IX.11).

The slight differences betweéu tﬁe perceatagzes of 12 linked units when
ecaloulsted from the periodateioxidatien end methylation experiments may
be dua to‘incompleté mefhylation éf the dextrona or degredsation during
the methylatibﬁ reaction, but in »ny casa the figures (see Table YI,16.)
ﬁbuld indicate é slightly higher degrse of branching in thé nore water
soluble B-1299 Svﬂéxfrah;' 'l'»‘ . - |

- The trace compbneht, migﬁatiug in horate electrophoreszis as 2,3
diwcemethyl giucose probvably arises from undér methylation as erytnritol,
also characteriztis of a l-w4, 6 linked glncose unit, wag not obzervad as
a fragreat from hydrelyasis of the B~1229 dextran polyalcohols.,

In contrast, the trace of com?onent migréting in borata
electrovhoresis as 2,4 diwo-methyl glucose could be equally a product of
incomplete rethylation or have come from branched glucose units « linked
1+3, 6 = in the methylated dextrans. lowever, when the results of the
veriodate oxidation and methylaticn experiments are again compared, it
- agpears that almost all the glucose units linked through the 05 position
give rise to 2,4,6 tri-nemethyl glucose (Fig. 11.11.) and do not therefore
constitute branching pointa in these dextrans.

This is a partioularly interesting ebservation, for the secondary
glucoeidie lirnkazes in dextrans so far examinod have slmost elways formed

branching points-43’49’51
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Among the few exceptions appear to be the dextrans elaborated by
NERL B-1296%47 and NCIB-2706°T micro-organiems, in which 13 linked
glucose units may also occur at non-branching points, as traces of
24446 tri-o-methyl glucose and its o-methyl glucoside derivative have
been obtained from the methylated polysaccharides.

Also Wallenfels re},)orts58 that thé dextran produced by an unspecified
micro-~organism eontains 1-»4 linked intrachain units because vapor phase
chromatography has indicated that 2,%,6 tri-o-methyl, n;ethyl glucoside ia
a component of the methanolysate from the methylated dextran,

EBowever, only very small quantities of each of these fragments have
been obtained which may be an indication that they are the products of
incomplete methylation of the dextrans concerned rather than representative
of structural features in these molecules.

In Table II.19, the results of the periodate oxidation and
methylstion experiments are compared and, from an average of these
experimental figures, a repeating unit, i.e. the smallest number of
glucose units which eould contain all the structursl features present in
the polysaccharide, in their correct proportions, is proposed for each of
the B~1299 dextrans.

Inspection of the proposed repeating units indicates that they are
very similar: addition of two 1+ 3 linked glucose units to the
repsating unit of B-1299 S dextran gives the repeating unit of B-1299 L

dextran,
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It dould well be that the more water soluble B-1299 S dextran is
an in'termediate in the synthesis of the less ;éoluble B-1299 L dextran,
If this 18 s0 the question of whether the BQ1299 S and B-1299 L dextrans
are really to be regarded as separate polysaccharides is sgain raised,

Possible sequences of the glucese units within each of the proposed
repeating units, which teke account of all ’the informafion available for
the B-1299 dextrans, are shown in Fig. II.12,

Each, for example, is based on a skeleton of 1-»6 linked glucose
units, whilst 1-+3 linked giuoose units have been placed adjacent to 1+2
linked glucose unita rather than to 16 linked units.

The tranches of the repeating unit represented by structure VI
congist of one or two glucose units and in this respect closzely resemble
the structures proposed for the 13 branched and 1-»4 branched dextrans
produced by NRRL B-1375 and NRRL B-1415 micro-organisms,2l*43+75+76

In contrast, a majority of branches of ‘the unit represented by
structure VII ere two or more glucose units in len,gth end may be

compared with the structure proposed for the dextran produced by NCIB-

58

2706 m:i.t:r«:o-~c::cga.r.s:lx':zrn57 end (acia degraaed\) L. mesenteroides B-512 dextra.n."

Finally structure VIII contains two structursl features not so far
reported in dextrans, they aret |
1) branches consisting of a single 1-»6 linked glucosyl unit
2) secondary (i.es 12 and 1+3) linked glucose units in adjacent
;.tntra chain positions.
I% ig particularly interesting to nofe the divérse arrangements of

the differently linked glucose units which may be sccommodated in the



FIGURE II.\a —— POSSIBLE REPEATING ' 59'
UNATS  FOR THE B-1299 DEXTRANS,
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repeating units proposed in Tgble I1.,19. and emphacises the fact that the
two B-1299 dextrans could have totally different detailed ccnstructions
even though thelr repeating units are ‘'statisticslly' similar.

In the following Section III of the thesis the repeating unit of
B-1299 S dextran will be re-examined in somewhat greater detail,



III, Fupther doveetizetlons dnto the etwictare of a wnbes slu. iz doxtren
rrcci uced In cultures of Iouconostos mesenteroidas Mol 1299

More ¢eta11ea information about the eequential errangements of
glucose units in B-1259 S dextm « which eompﬁses 957 of the total
polysaccharide from L. mesg entemides 3—1299 eultms ~ weg obtained by
characterising Qligosaecharides pmduced from chenical end enzymio
dagradation experiments. o

In the task of sepsrating and characierising these oligosaccharides
particular use was made of paper sleetiopheresis in modium borate and
sodiunm molybdate elgctrolytes.

Therefore, before proceeding to disoussion of the resulis of
experiments in Seotion 1III, some agpects of olignasccheride electrophoresis
in each of these electrolytes will be cansi&amd.

A, Flectrovhoresig of some olignancchariden :!n ending Yorate snd
poiybdate elentrolytoy

Relationstdps between the structures of theL~D glucose
¢ligosagzhorddes and oligosaccharide eleohols, end their abilities to
complex with borate =nl molytdate ion reapectively, hiave been esiablished
by Foster63 and ’.»!e:’.gel.ﬁa

In summaxdizing this work ﬁarticulm: emphsain will be placed on those
€~D glucoze olisoseecharides (or cligesacchuride alechols) which may be

obteined from degraded dextrans.

(1) Flestrevhoresis in sedium horete g;enﬁro_m

Boriec scid acts es a Lewis ecid, rather than a proton doner,
Q@ 3
accepting the electron pair of a base to form the stable anion B(0H) 4



Gz

At alkellne pH ihis arisn 1s eapsble of foraing & wezk negetively eharged
conplex with muny neutrel sugers snd thelr derivativess application of a
potentisl dilference to the anionic womplex results in migration towards

the enods,

Foster considersm

thst, in geunersl, the m@itu&o of the uet charge

end iaém:a the rate of i gration of the '.rmgar:' complex will aazc-ézicl upon

two i‘aetom, these ai-en

(=) the mmber of coniributions of tbe ring {either pyranose or ﬁ.lranéser)
and open ‘ehéin forms of the sugar (or its derivative) which cam
interact with the borate iom

(b) the strengthe of the intereotions at each complering centre,

ie on golutions of eugars undsr equilibzimﬁ

Polarogrspbio studles
conditions kave revesled the presence of reducidle (prosably aldehydo)
forms, which incresce repidly with ii:;:ms.se’ of pils It meams probable
thst the opem chsin or 21d2hydo forme of the sugere provide a significant
contritution t5 the borate complex,

If the sldehydo forms cf the sugars adopt the favoured zige-sag shzpe
of 2 cai;bon etom chain then eeveral possibilifiezs for the inlsraction of
borate ions with the verious pairs of hydroxyl zroups aieng the open
carbon crain must exist sud the limiting factor vill be the distunce the
borate fon ¢zn eyvan in foxrzing 2 complex,

In this respsot there is 2a anslogy with the formation end stability
ef acetal :x::ln_;\gn:,&z whick ere regulated by the distapces separating the
verious pairs of hydroxyl groups involved iu ring formation.

If the letters Land {3 refer to the relative positions of the



™
L

hydroxyl groups alonz the ehaia 1a the sldshydo form, and € sud T refer
to cis and troms, the onders of stability sve pe, B £Ty Ky LT end
«C. | |

¥xperimentz with many ﬁug:gam’f

8 led to tﬁe cohcluéicn thet for
Deglucose snd ity derivatives effective intexactions of the btorate long
with ring or open chzin forms of the reducing sugar in equilidrium ot
3 10.0 ave llmited to three poasidbilities.
These, 1n preferred order, involve ths @€ hydroxyl grovps at 02 and
¢, in the aldehydo fouw {IX) the cis hydroxyl mups.s.t C; &xd Cp 4n the
(fursnose or pyranose) ring forms (X), »0d the @ hydroxyl groups et
G4 end Cg 4n the aldehydo form (XI), |
Prom the migvetions of the o« =D glucose disnochariden!® (Table IIl.1.)
it m:y be sesn that with reépect to M, values (sce pa,'geﬁ?’)‘the
oligossocharidea £a21l dnto three gmupé wheres | |
{a) interaction at IX and X cve possible, leading to the high I values of
feomeltoss end nigerose | ' |
() dntevection at X oniy s possiﬁla, leaiing to the moderate M; value
of msltose '
(c) intersction st XI only is poesible, 3.98.@1113 to the moderazte li; value

of kojibiose.
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Table I1l.1. UThe migration rates of Kedeglusove
éisaecharidsas In godium borste eleotrolyteld

Super Yink M

Isomsltoss oc-»(l-bég 0.69

M gerane KCe(l+3 0.63
Haltese ocaél-vzi 0e52
Kojibiose Kl 12 Sa32

The D-glucose oligossccharides ney presendt & spesial cese whare
interactiion &t 04 and g of the pyrenose ring (X11) coutd occur.79
The comtribution to the cversll i value cen be judged 1o te small
from the My value of Lemeliyl glucopyr&msi&a {€.10) bat moy bacome
rather mare‘ consequantial in the cese of brunched oligvsacchazidese

In general though 1% would uppecr thal the rate of migration of
the D-glucsse cligvsscchzxiles are principelly controllsd by the pusitions
&t widlch the r-am:inder of the wlecuie {the ncm-,-i‘edmizg; aodaty) ds
ettached to the redacing glacese undt, Oligosaccharides of equal
roleculax s:!.éa terainating vwith wa Ke{l+EC) ox KCo{d+7) liak i the
ralucing undt eould be expsoted to migrate much faster i thoss
teralnating in eiths» au o<;(1" £) or an d—(l-*é) lirk to the redacing
ena unit. |

LY

{11} Destyovhoresdis in solium wolidate electrolyts

e

ITn seld eslation (pd 5.0) zolybdates aze aitle to fozm anlonic
: . 82
comploxes with certein polyhyiroxy ccmpownds,  bal due to the
formation of several $sogolyucidé dons et ecid pH, ths foza of the

complexing species was not initlally appamnt.el



Ag Deglucopyranoeides Jo nob migrate iﬁ soddwy rolyidiete the
reduced L«D glucose diaawhariées were used teb invegtigate the silfects
of substituents on complexing witiin the hexitol wolecules

ihe migrations of ike KD glucopyranocsyl haxitulssa exe shoun in

Tabvle II11.2¢ The term kg velue is defiaed un puie\STe

Tatle T1I,.2. The migration rates of some cc-‘ﬁ glucopyranosyl
hezitols in godium molyhdate elestrolyte

Sugax alcohel Link iig

Isomsltitol x={1+6) | 0,70
Bojiblitel oCu{l+2) | C\70
Haltite} L{lw4) | 0ot
Hlgexitol K(1+3) | 0.C5

Anslysis of the molyddsta/substituted hexitol eomplex' - inticated
that gabstituted @luotitols f£all inbo three groups.
(a) The 2 or § gubstituted glucitols, which fora = complex 4n which
the suzar aloohol/molybdemus ston vatio 1s 112, heve high My values.
{(b) The & substituted glucitols, which form a complex in which the
suger eleohsl/molybdenum stom ratio is 111, have mediux Mg values,
(e) The 5 substitutsd glucitsls, whioh do not appear to form a stadle
complex, have zerc Mg walues.
Angus and ’*‘w"eigel,sa from potentiumeirio titrations of the
molybdate « hexitel complex have 'ccneluded that the complexing molybdate

griom 42 in sll eszen X*ioaof(?

-
Ve
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Periodate oxidation of the essentially eimilaer, though more stable,

tungstete complexenej bas indicated that, where a complex is formed

containing a hexitol/molybderum atom ratio of 112, four adjacent hydroxyl
groups ere involved in the complexing, |

Migration of isomaltitol (or any isomaltodextxiﬁol) can be
satisfactorily explained by formation of a complex XIII, involving the
1020344 (KL 4L TyeLT) tetritol arrangsment, snd that of kojibiitol by

formation of a ecomplex XIV involving the 3,4,5,6 {XT,LCy L) tetritol

g:cduping, each with & single .0 20 anicn.ez

7
The migration of maltitol (or a maltodextrinol) is accounted for by

formation of complex XV involving the 1,2,3 (oL s&T) triol system of 2

molecules of maltitol and a single Mo,.0 20 a.nion.sz

277
possessing only an (€ C,cC) triol arrangement is incapable of complex

Flgeritol

formation.

In general then two factors mey influence the overall migrations of
the alechols of the l-D-glucose oligosagcharides, they aret
(2) The position et which the remainder of the molecule (non-i-educing

moiety) is attached to the hexitol unit.

(v) The size of, thouzh not the types of oL ~linkages within, the
glucosyl portion of the molecule.

Az a rule C-De-glucose oligossccharide alcohols of equal molecular
size, texrminating in either a 2 or 6 substituted glucitol unit, can be
expected to have almost ddenticsl snd greater migrations in molybdate
electrophoresis than the equivalent aelcohols terminating in a 4
substituted glucitol unit. Any oligosaccharide alcohol terminating in a
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3 substituted glucitol unit will have zero migration.

Thé reduced branched oligosaccharides of LD glucopyranose fall
into two groups.

(2) When the branch is not attached to the hexitol portion it cannot
affect complexing end will, therefore, have a minimal effect on
the alcehol migration.

(b) When the branch is attached $o the hexitol portion, the molecule
may be regarded as a di (or multiply) substituted glucitol.

In this case the 4,6 di substituted glucitol will migvate, heving
en Mg value equel to that of the maltodextrinol of equivalent molecular
siza, -

) ¥With one possible exception « the 2,6 di substituted glucitol =
8ll the other di {or multiply) substituted glucitols eannot be expected
to migrate es they do not possess the required sequence of thres or four
cor&ecfly dlsposed hydroxyl groups.

The 2,6 di-substituted glucitol may be eepable of forming a weak
cozﬁplex with molybdate ion, for experiments with medels show that when
held in a certain conformation (XVI) the distances between the (< T, £C)
hydroxyl groups on 03, (’:4 and 05 can aepproximate to that ¢f the
4-substituted glucitol (XV). |

When held in fonformation (XVI) interactions between eclipsed
groups must increase the internal energy of the hexitel moiecule.
However, it is probable that this increase of internal energy is not so
kgreat es to be a factor preventing formation of & stable molybdate complex,

for interactions of a similar megnitude rust be present in the 2esubstituted
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gleeitel « which dogs form & steble molybdzte conplex « when this
moleoule ig held in tha conformation (ZI¥) required for complexing
vitk molybdnte. _

Further, the 1dentlical migretion rates of the 2« end 6-svbetitnted
glucitels (Teble IXI.2.) may Do conetrued as indiceting that en equelly
stable molybiate complex is fz‘:md in each cemey even though the
molybdate ccmplaxed 6~rubgtituted glucitol 4s free of eclinsed agrovps -
(x111),

troduced

B, Invontimation of the strietures of the oligosaccharides|by partiasl
anid hydrolysisg of the B-1292 § dextrsn I

It was suzrested in Seotion IXC thot the meries of igomaltose
homelogues 4s lidersted by pertial acid hydrolyeis of the B-1299
polyseechoxridesy from which 4% wes concluded that esch B-1299
polyseaccheride eontains’ seruences of 1+ 6 linked glucose unila.

However, the identification of thase oligossocharides rested directly
upon thelr pepex chvomatographie migvationg and sizining properiies, and a
more complete charesterisation seomed desirabls.

Thre object of the present experiment wag, therefore, to0 re-examine
in greater detall the oligosaccharidss from the acid hydrolysed B-1299 S
dextran,

B-1299 8 dextran (22gm. = weight uncorrected for ash or moisture
contents) was partially hydrolysed with dilute sulphuric acid (expt. 8(a)).
The hvdrolysis producis were initially fractionated on a charcoal column
{ze0 Fig. V.2B. and Table V.l.) and then re-separated on Whatmann papers.

The final ylelds of the separated components are shown in Table III.3.,

together with their degrees of polymerisstion (expt. 8(c))y specific



rotetions {expt. 2(a)) =na papex chrometogrephis end slectrophovetis
oipgration rateg, : A ;

The valuea for the optical :atationa erg in good agraement with
those reported for the serdes of isomaltose homologuesl41 isomaltose
(#1209), isomaliotricse (41429), isomaltctetresce (+4153°), isomaltopent-
soze (+16C%) and isomzltchexeose (+1639),

Yowever, to iuvestigate more fully whether s howologous series47
exigted. the degree of polymerication of each cligosaccharide component
wus plotted ageinst its RE'Y&1“641 {sce pagetsT), and its moleculer
rotationtt {melecuisr weigkt tires specific rotaiion). Yhe results ers
eghown in Fig. III.l. In eech case a straight line Indicated that all
the cligoseechexiden, with the exception of component 8, beleng to a
bomologous soriess The fist member of the series (component 2) waa
converted to fhe erystalline 3 -octa acetate derivative't (expt. 8(e))
which had e melting point of 139-141°C, undepressed by authentloe
isomaitose @ -octa acetate. ' v

In expts 8{f) the cligosaccheride couponents 2 to 7 wera incubated
vith dexiranase «XL=(1-+6) gluecosidsse = and the degradation patterns
were eumpared with those of authentic dsomsliose homolognes. |

fhe dezradation pattexn of each oligossocharide (Table III.4.) was
found to be lden¥ieal %o ibat of the igomaltese bomologue of equivalent

molzculer alze.
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FilqurE TI.;. OL1GOSACCHARIDES FROM
THE PARTIALLY HYDROLY SED B-12993 DEXTRAN .
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Talle 11,44 The resultc of dexlv.pase dizests of
oligosaccharides from ecid hydrolysed B-1299 S dextran

Favstrate Degradation products, chromatographing ass
(component) [ ooee | Wi | Iy | 1M, | Tiig | g | T

2 - 24 - - - - -

3 - . 2+ - - - -

4 + 2+ + - - - -

5 + | 3+ - - | - -

é + 2+ | - - - -

7 + 3¢ | 3| w - - -

mz isan";a}.tose, .U% isorsltotrioce, _31{4 isoraltotetracse, II-5'5

isonal topentacse, IMg 1somuliohexaore, Iﬁf( fsom:l tohepirose,

Further evidence thet camponents 2 to § were & series of 1zomaltose
homoiogues waz ohtained by oxidizing esch eonponent with sedium metaw
perladete (expbe {g))s

When fully oxidiszed by sodivn perlodats dscmeltoss hos been x“eportedas
té rajuce & mlea of pexio&s,ta and to liverats 5 moles of faxmio ver mole
- of the sugar ”,”; probable opurse of thisg ouxidation is shown in Fige III.2, =
©and isoméltei;ricaﬁ 1o meduce 8 moles of periodate and rolense 6 moles of
forule ecid per mole of the sugar.gs

These expariumenial restlta enstlad the aznunt of porisdste reduced
ard forrlc acié liberated per wols of soch isomaltose homoleszue to be
calowlsteds The aalwlatéd values ave shown Ian Tatla Ved. (peze'V6), and
&re baged on ths Fact thet eech nop-reducling evhydrs glucose widt of an

isomsltose bomologue nppesrs to reduce 2 molex of pericdate ard llberate

1 pole of formlc eeid, per mole of the wnit,



FIGURE TI.,. THE PERIOPATE oxipaTION OF LSOMALTOSE .
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FIGURE TT.z.  RESULTS OF THE PERIOPATE
OX1D ATIONS OF OLIGOSACCHARIDES FRoM B-12995 DEXTRAN.
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The results obtained from the periodate oxidation of oligosaccheride
components 2 to 6 (expte. 8(g)) are shown in Table V.5. and sre illustrated
in Fig. III.3,. »

The smounts of periodate reduced end formie acid released are im
good agreement with those calculated for isomaltose, fsomaltotriose,
isomaltotetranse, lszomaltopentacse and isomaltiohexaose.

The results of the inveatigations in this section of the thesis
confirm the sarlier suggestion that components 2 to 7 were respectively
isomaltose and & series of higher homologues.

Component 8, which did not fit into this homologous series, was
identified from its paper chromatographiec énd electrophoretio migration
rates as kojiblosze.

The presence of the isomaltose homologues in the hydrolysate indicates
that the B-1299 S dextran must contain sequences of at least 7T «iw(lﬂrﬁ)
linked glucose units;

In terms of an_overall structure it may be concluded that B~1299 §
dextran is unlikely to be eémposad primarily of sequences of alternating
12 and 16 linked glucose units (Fig.1IX.4., structure XVII) but could
consist of chains of 16 linked glucose units branching et intervals
‘through the é; positiohj(Fig. II1.4., structure XVIII).

Co An;ipveetivation of the gtructures of oldmosaccharides produced by

It vee reported.in Section II.D that the B~1299 dextrans ylelded, on
acetolysis, fragments having paper chromatographic and eleotrophoretie
nigration rates conéisﬁent with those of kojibiose, nigerose and isomaltose.



FIGURE TIL;,  PoSSIBLE STRUCTURES FoR B-12995
DEXTRAN INVESTIGATED IN ACD HYDROLYSIS ExyaRmENTS.

stRucTure XVII

structure X VI

—> |+ 6 LINK,

n 1+2 unNx

O GLUCOPYRANOSE UNIT.
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The present acetolysis of B=1299 S dextran was conducted in order
that these oligvsascharides could be more fully characterised and other,
as yet unidentified, higher oligosaccharides could be examined.

B-1299 S dextran (30gm. = weight uncorrected for ash or moisture
contents) was degraded with ecetelysis reagents (expt, 9(b)) and, after
deacetylation, the p:oducts wsre’separated on & carbon-celite column
(see Fige V.24, and Table V.6.) and refractionaﬁed on Whatman Fo.3 papers
vhere necessary, |
, The final ylelds of the components 1y 2, 8 and § = which were the
major products of the acetolysis « are shown in Table III.5., together
with their degrees of po1ymensat1§n (expt. 9(e)); specific rotations
(expt. 9(2£)) end paper ehromatographié end e1ectrophoreti¢’éigration rates:

in éddificn,keomponsnts 1 and 8 were crystallised from aqueous
ethanol and converted inta their @ -penta acetate (expts 7{d)) end B
(3 -octa acetate (expts 9(d)) derivatives respectively: The melting
podnts of these erystslline compounds are shown in Table III,5. ‘

The amount‘of erystelline component 8; identified es kojibiose
(2+0 oC~Deglucopyranosyl D-glucopyrencse) indicated that et leagt 20% of
the glucosidic linka of B~1299 S dextran were o€ ={1:+2).

Syrupy cemponent 2, which was siighily contanineied with component 8
(kojibiose), was identified by peper chromatography end electrophoresis
as izomaltose (6=0w oC=Daglucopyranosyl D-glucopyrenose)s which has elready
been obtained as a major product of the partial acld hydrolysis of B-1299 S

dextran (see Section IIX.3:).



£l.

oGoogt + (OB o5 Lotger *4dm

o021 + mommvmﬁoou mvwmv.nomen ® 88y 350781y
DoBTT *adum m&ﬁ&#&&e ® Bry @38380%2150~ ¢f s207q1loy

mwvm».uomm.u ® sgy ssoyqtlox

UOTIONPAX I2qJ6 4 4(B) jJueATos +

asozaf Ty - o70T+ | dnx8s | go1|afex®| 0ot0 | 0L°0 | 2L°0|90°0 6
- mw ) (e £ J .
ssorarfoy | L LTL A ) eee | 510 | gor|woma| aLco | wvo |go%0| @ 8
e30TEmOSY - =~ |dviks | p°2 | woaxd oL*0 | 2ZL*0 | 06°C | 900 2
: oTET=0CT 3dw | X4 O3 IR I e er |oger | ¢
BSCONT) | areqeomegued-¢| ©0° * | ot UduF 00°1 00°T | 00°T| £°§ I
— | 2
) eatjearzep | (0%H) | De . A ) 23spadrom | 338x0q (") | 2 vouods
frsuers ewwrery | ap,y| ww | 4E il IR x|+ % | proyx | ¥HOION0D

UBILXSD § 6621 wwm.waoawow WOXJ SOPIISYOOTBOTET0 Jo sopjaedorg

*S°IIT ST33%




82,

The small emount of mywupy component 9 which could not be
crystallized » probably. due to alignt eontéminatim with component &
had a klgh pesitive specifiec m’ué«tion and paper o}\;v:omaﬁographic and
electrophoretio migratién rates cmmis’éent with those of nigerose
{BwdmoC=Daglucopyranosyl Deglucoyyraiose)e

This indicated that a ama.ll‘ ypextion of the glucesidie links of
B-1299 S dextran could de «K=(1+3).

The crystalline disaccharide rigerose has, bowsver, been isolated
from uwnfrazctionated B=1299 dexirans in 27 yield,m erd it 1s possible
that in this instance the sulturing corditiors influencsd tne Leucorostoes
organien to produce greater amounts of the less water seluble B-1299 L dextran
which geemr %o contaia & much hiher pereentege of 1+ 3 links than the
B-1293 S dextran (see Secotion II.F. und II1.G4)

Uafractionated, highex ollgoszcohorides (ﬁotal velght 1 grem) were
alsv eluted fiom the carbon~celite colwmn {expte Si(b)). and were
subgequently fractionated by chwomsfography on Waaluea No.3 papers and
electrophoresis in sodiwa bovate elecirulyte (expt. 9(c)).

Each of these componenta was partieslly chacscterised by methods of
pertial acid bhydrolysis, paper chromilogrephy and electrophoresis in

godium bcmte“ and molybda‘cem

electrolytcas che degree ¢f polymerisation
(ses expts 9{e)) of each componsnt §s shown in Table IIL,6., together
with 4ts chromatographie and slectrophoretic migration rates end specifio

stalning properties,



Table 111.6.

Chironatographlo properties of wome

eligosecchurliles feoa scetulysed 51293 5 daxizan

e sl Dop ont 1 M. i:&ming Colour
Lorponan o's | BOlVen , . ikencity | spray
. (&) Yorats mhm&%ﬂ spray (3) (e)
21 3,0 | 0,38 | c.27 §22§§ ” g trown
3 2.2 | a2 0.€1 Ce53 preen
_ 4

22 4l | Co%0 | Ce24 gg;ig 7 ; trevs
<3 %s7 | Ce23 0,51 Ced8 green

24 3.9 | 0,23 | 0.2 ff"% gj ; brown

and igomalione.

This would indicete that componsat 21 could be a mizture of leomeric

10

* gfbey zuduction with godinn borohydride

trisaccharides with strnetures XIX, X4 and X531,

£3 was & trisaccharide whose rale of migratlion on psper
chromatogrers (solvent (&)) was greater thsn st of fscasliotriove
{Hg Cu30)e

products hm’in-g sigration pates 3dentlczl to thove of glucose, kojitiese

Tartisl 2¢ld hydrolysis of component 21 gave »dem&aﬁm

o, b o
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Ogr REDUCING GLUCOSE UNIT.

In torate elsctrophoresis (Fection IIT1.A(4)) trissccharide XIX
would heve an I value (see pase 63) sixiler to thot of isomaltotriose
(i Ca6C) and give a green stain in wpray reagent (@), charscieristio of
an olim;.;aszscéharida‘wizh 8 Gegubstituled reducing zlacuse umt.éé
Tr;saoeﬁaﬂdes XX md XXX would heve much lover K values, sizilsr to
"_t;hat of muliotrione (KQ Q.Zé’s), end give & brown stain « charvacteristia
of en ali;:esmc;h‘aridq with a 2~eubstituted reducing glucoee wnit « with
sprey reszent (e).

"i’?m experimental results shown isi Tabls 111464, therefore, indicate
thit componcnt 21 cermot have the structure XIXs

In molybdnte electrophorasia (Jestton 113.4(11)) the reduced
trisaccharide “X would have & kigh M value (ses poye 66), wirdlar to
foomal totri-itodl (Mg ©.59)s exnestel of & reduced trissschoride teruinating
in a 2 or § substituted glusitol unit,

In contrsst, reduced trima:ce.&:iidé XXI would hove a much lowex isfs
value expected of e reduced trisaschnrids $ersdnctisng in & 2,6 die

eubstituted glucitol unit (ses paszeTl )



The experinental evideace swmarized in Wadle ITI.8. indicates
that component 21 must 139 a mixturs of trisaccharlies XX s‘.nd'JCXI.
Trisaccharide XX sppears to be the major constituent of this mixture,

1t 19 &lso concelvable thsat kmjitrics&sﬁ {2-cm L=Deglucopyranc 2yl
wZw0w Lolmglucopyrenosyl =leglucupyranoss) cculd te present in this
mixiore as‘the chrouatogrephic end electroghoretlie properties of this
compound have not as yet been suffliciently tepcrfad.as and ars probably
gimiler to those of componsnt 21.

Component ¥ was a triscgckaride whose migration (solvent (a)) end
staining (sorey (c)) pﬁoparties were fdentiesl te theue of fremsltotriose.

Faxtial scid hyﬂro;ysis of component 3 gove degradstion products
having paper chrumatcgraphic rigration rates [solvent (e)) identical to
| those of glucose and isomslivse. The degredation produet chremstographing
as isonaliong, alter clution frem a chromatogrsu, hed en Mg value in
borate elecirophorenie consistent with that of isomsltosa and, after
reduction, an g velus inu molytdate electrophoresis equal to thet ef
igomaltitols

Prisaccharide 3 wmat ﬁhséefora be isomaltotricse, which hus alreedy
been ddentified a3 o major product of the partial scld hydrolysis of
B~1259 S dextran {see Segtlon IXL.B.),.

Lomponart 22 wag e tetoageccnaride whose paper chromatogrephic
migration rate (salvent (&)) was the same as that of disom=ltotriose, but
component 22 gave a brown stain with epray reagent {(c), end could be
separated from isomeltotriase by borate slectrophoresls.

Portial scid bhydrolyeias of component 22 gave the degradation

products shown ir Teble 1IX.7.
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Table IIIs7. Chromatoszrephic properties of the
degradation products from aoumponent 22

Degradation Rg Mn " Mok ) *
product soivent (a)| borute mnlyfadate Tdentity
22,1 1.00 - | - Clucose
22.2 0.62 0430 0.6 ' ¥ojiviose

Streak 070 Isomaltose
22,5 | 0,50 |
' 036 0e73 -  PBized
tioisuccharides

* ifter reduction with rodium toronydrcide
From the figures .in Table I11,7. degeedation ;smlﬁ‘ﬁet 2241 wen
ldentified as glucose and 22,2 as kojitlosos
The product 2243, which siracked on the ps.:pér chromategrom,
agpeared to be a mixiure contidning isomalicee, eomn@t 2l end
possitly & 'kniz‘& conponent with an My value intemxéﬂie.té between these

0.
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It seems possible that this third component is the trisaccharide
kojitriOso,es for the indirect gvidenca presented below suggeasts that
kojitriose would have an Ry value between that of isomaltose and
component 21.

In golvent (a) the trisaccharides isomaltotriose, panoseslnd
maltotriose have Ry values of C.31, 0,40 and 0.49 respectively,

Isomaltotriose contains two L=(1+6) links, panose a single
«K=(1-+6) and a single «=(1-+4) link and maltotriose two oL=(1-4)
links,

The calculated Ry values of the trisaccharides aret 4isomaltotriose
(0.35)y panoee (0.18) and maltotriose (0.02) « indicating that the
differences in RM values between isomaltoiriose and panose, aﬁd panose
and maltotriose are almost‘equal.

If the serles of trisaccharides, isomaltotricse, component 21 (a
1+2/1+6 linked trisaccharide) and kojitricse (a 1+2 linked trissccharide),
are now considered, by analogy, the differences in the R values betueen
isomaltotriose and component 21 end between component 21 end kojitriose
should be nearly equal (élthough thece differences will not be the same
28 that of the earlier series).

The Rg values of isomaltotricse and component 21 in solvent (&) are
0,31 end 0.38 respectively, indicating a difference of 0,135 in their
caloulated Ry values. If 0.135 also represents the difference of Ry
value between component 21 and kojitriose the latter would have an Rg
value of 0.45 = and could therefore be & constituent of degradation

product 22,3.
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| The.presenco of isomaltose end kojibiose in the hydrolysste of
component 22 indicate that the latter contains only l+6 and 1-+2 linked
glucose units,

If kojitricse is present in the same hydrolysate this would further
indicate that two of the glucosidic links were 1+2.

The migration rate of component 22 (RG 0.30) also appears to indicate
that this tetrasaccharide contains two 12 and only a single 1+6 link,
for enzymic degradation of B-1299 S dextran (Section III.D(§41)) yielded
two isomerie tetrasaccharides XXVIII end XXIX with Ry values (solvent (a))
of 0,24, which when oxidized with periodate proved to contain two 1-+6
end a single 1-+2 linkage.

If component 22 does indeed contain two 12 links, thea it could bs
e mixture of the isomerie tetrasaccharides X{II, XAI1I, ZXXIV, XXV, X{VI
and XXVII,

The experimental results shown in Table I1I,6. indicate that
component 22 could not have the structure XAVII, for tuls {etrasascharide
would have a high My value 4n borate.electrophovesis, similar to that of
isomaltotetraose (Mg 0.50) =nd would stain green with spray reagent (c)¢45

The other isomers would have lower My values, similar to that of
maltotetraose (Ng C.24) and give a brown stain with sprey reagent (c)
(characteristic of an oligosaccharide with a 2-substituted reducing
glucose unit) snd ere therefore all possitle.

In molybdate eleétmphoresis the reduced telrasaccherides XXII,
XXIIT end XXIV would have high Mg values = similar to isomaltotetraitol

(Ms 0.50) - expectéd of reduced tetrasaccharides terminated by & 2 or 6
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substituted glucitol unit, Im contrast the reduced tetrasscchaxides
XXV and XAVI would have ithe lower Iy velues expected of reduced
tetrasaccharides terminated Ly a 2,6 di substituted glucitel unit.

The experimental results in Table III.6, show that, on reduction,
component 22 mdgrates with I\'zs values of C.51 end 0,10, and could in
consequence be & mixtuve of {etimasuccharides XUII, XXIII, XIV, XXV and
XXVI, The relative intensitlies of the spois oa the molybiate
elecirophoretogram would, howevar, suggest that tetrasaccharides XXII,
XXIII and X{IV are the major cligosaccharides in this mixture.

Component 23 wag & tetrasagcharide, whose rate of migration on
peper chromatograns eluted wiih solvent {a) was marginally greater than
that of isomaltotetraose (Rg 0.22). |

Partial acid hydrolysis of somponent 23 gave the d.egraaation
products shown 1:1 Table Iil.8. | | |

Table 1I11.8, Curomatographic properties of tha
degradatien products from component 23

Degradstion i ¥ Yig® ’
product so%vint Yorate | molybdate Identity
s
23,1 1,00 - -  Glucose
23,2 0.60 0.30 0.68 Kojibiose
23,3 0.50 0,68 0,68 Iscmaltose
e ¥ “JJ " - scenarld
0,23 trisacenarides

* After redvetion with sodium borohydride

90
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From the figames 4n Teble JIL,3. degradativn product 27.1 was
ldentified as glucsss, 23.2 vs kojiddose and 22.% as lsomelice.

Ths presence of kajibviosa and igomeltese in the hydrolyszie of
oompsnent 23 indicate that the component acntaing only l-+2 end 16
1inked glucezs vndtoe

The ehromatographic rigestion rate of component 3 (B 0,23) vas
ilentical to thal of the luwcucrie tetrasaccherides XVIITI and XXIX,
irolated frem en enzymio hydrolysats of the Le1297 § lextran (Secticn
IIZ0(141)),

Pesdedrte oxidation ¢f tetrasacehorides XIVILL exd XXIK hed
frdisnted that they contained two 1€ linkesez and & single 12 link,
ond it gecms probuble thut g slodler retic ¢f the glucosicie links is
pre.s:sent in cowpencnt 2%, _

Gomponent 23 gave 2 grecs stain with spray (c), end had a high ¥
value in borzie eleétmpiwresi:z » girdlar to icomeltotetzscae (B Cu50) -
from which it wes concluded that the componen$ could be a mixture of
igomexic tetr@sacchaﬂ@.ea ZXVIII, XCOX ernd X%, euch of which

tezninaies in & E-substituted reducing glucese unit. B
i]i 5() ’O . O_)g_’ok : g : R

— |6 LNk

) l—2 LN
OQ REPUCING GLUCOSE UNIT.
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Tetraznochariise XXVIII ond XVIX were ales l2olated frow enwyulo
hydrolysates of 21293 5 dexirau, A wora gomplets eiaruchurination
iz desoxibed 4n Sesiion ITILD{(1i1).

- Borpemant 24 was a tetrasaccharlds which nigrated elighily faster
than dsamaliosetriose (R 0.22) ia golvent (a).

Partial a0id hydealyois of cowposont 23 pave the degradation

reodasts showa da Tabla IIX,9.

Table III,9. Chmmabographic propesiies of the
products from degradstion of component 24

Degradation Ra M Mg A e
produet solvent | borate | molybaste Ldoatdty
(a)
24,1 1.00 - S . : Giaaogo
24.2 0060 0. 30 0.69 Kﬂjib’uﬁﬁ@
2403 002)0 Cu?ﬁ Ca 69 Ioounltoge
% 2
94'4 6‘25 0061 0012 mxed
0.26 c.11 trisaceharides

* After reduction with sodimm borehydride

The results summarized in Table III.9. indicate thet component 24.1.
is glucose:, 24.2. 18 kojibicose and 24.3% is {somalioses The presence of
kojitiose and isomaltose im the hydrolysate indicate that component 24
conteins only 1-+2 end 1-»6 linked glucose units,

The chrometogrephic migration rate of component 24 in solvent (a) was
identical to that of isomerie tetrssaechsrides XXVIII and XXIX which were
igolated fron the enzymicslly degraied E-1239 S daxtran (mee Section III.D
(141)).



23

A perindate cxidation exporimenta hed indicated thnt tetra-
saccharldes XXVIIT anj XXIX contained two 1-»6 and s singlie 12
' 1inkage it was concluded that component 24 contained these links in a
;imila:c ratio,

In borsate electrophorecis, lowever, comporent 24 had a much lower
Yz value = similar to that of neltotetracse (Mg 0.24)  then either
tetraceccherides XXVIII or XXIX, e:éz-:l gave & brown ataia with spray
resgent (o), o

Compopent ?4 miat, thereforey be terrdrated Yy a 2esubsiiduted
yeauclng glucore unlt, end Iin conseguence could <ily Ye w sixiure of

tetreanaaherides with etruetures XTI ¢x XXXIX,

S 3
XXX A XXXHB_

-  |—»6 WINK T |—2 WINK

OR REP UCING QLUCOSE  UNIT,

In molyvaats elsctrogacresis ths redussd tetrasaecharide XXEI
~ would have & Ligh Mg value - simdler to fsonaltoteiraitcl (Mg 0.50) -
é:z.pected of & reduced tetraseechoride levalasting in a 2 ox 6 pubstituted
glucitod wrdte

Isduced tetraéacceham.de XXX11, howsver, would have & wuch lover Mg
velus expected of & redused tetrasceohzride texminsted Ly 8 2,5 die

subgtituted glveitel uunit,



Ihe exporimential resalts, swwilaidszed ia fabie IiZe6e dndicate tuat
component 24 wuat be a wiiture of tetrasacouacides Xl aud LLII.
Tetrasasccharide XXLII, ho:ulevex‘. appsacs 0 be The major ccasiivusnt
of tids mixiara, |

Un the basis of the linugage {0 tue glucose unit at the reducing end
ef the moleduie lasse nlghier oligvsawcherides fivwm aeedarlysed 1’-«1299. 3
dextran may Le divided into tae followlig guoups, |
{a) Isom&ltﬂ[g‘; and telrasavesarides XiViiI, AXi4 and XAX, which axe

texuinatad by & Seo~gubstituted reducing glucese unit.
| (b) Txigzcoheride XX, snd Sebressccharides XXIL, XXIIT, XGV and XXXI,

which ave texminaled Ly a ancmsubstifated reducing glucose unit,
(¢) Trisaccharide XXI, and telrasaccharides XXV, XAVI asd w.n. wiich
are terminated vby a 2,9 dimoesubsiituted 're:lucing glucose uult.

Alihough the oliguscocuurides falling into greuvp (o) sre further
evidence that B=i2359 5 Jdextran hag a branched siiusiuie, caly wembers
of grovp (b) heve sny importent rew structurs) sigpificances for
fragments of this kind could only have arisen frum &n exwangstent where
a8 1+2 lirk in the B=1799 S dexirsn ig in an intrs chein position,

It hag already beea established (Section II,G.) that all the 12
1inks of B=1299 S dextran form branching pcints, and it is therefore
1ikely thet thig dextran contains eegments of the kind represented by
structures NXIIL and XXXIV in Fige III.5. It would eppesr, from a
conglderation of the results of parti‘a.l acid hydrolysis experiments
(Section J1I.B.), that structural aa@ent XXXIII is ratlwr more
important then XXXIV,
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The 2barnce of o homelogous seden of oligosacehsrides hesad on
el then kojibioea or nigerose indicate that extended mequences of
secondary linked glneosa units do not occur {n tha B-1299 8 dextran,

Traminatdion of the tetrassecheride commonent 22 4i1d mggést, l;mwever,
thet two 1-+2 links moy ba adjeoent 4n thig dextron « givine rise to a
segnank of thg kind showm in Pig. IIT,S5.; streturs XXXV,

The pransenaa of intra chain 1+2 links in the B-1299 S dextran
i3 partigularly interesting, ng feow daritreng mo far exemined appear to
santain non 16 liaks within the mein chudn.

Excaptions so far repsred zve F=1209 § dexivan « fron which the
tefanachsriis Beowloonalisayielesglnoose hoa hean is:olated"’z « and the
1+ 3 branched ?3&13"27065? ond 3")-512"” dextrans. Signifiesnily, B-1293
&:9}:%7:%349 » which is similoxr to I=1299 B dexlran ip that L »(1+2) links
Iorm weny of ’the brenching voiuts ~ £2311sd4, on acetclysis, to glve higher
clizoerachnoriden terminated hy o Cwoezubsbitited reducing glucose nnit,
ond zo tha tramshes would spyear o oomesist of siugie Kw(l-»Z) linked
Flecoeyl orite,

!

D, Toe enzrmie desmaiation of B-1299 5 dexbrens  to invesgiicuta ihe

..t
P R T, P EN
SV ST d e b

¢f the glacose wills al the branching polrig

manchiye (1952)%7 reported that sertain spscies of Fenicillias
moulds, when cultured on NIRL B-512 dextren (357 Ke(1-+6) linked),
vroduced exosellalar enzyues {deilvansses) wilekh desraded this and
other Asxteang 10 give iscnaltose and isemsltotricse in righ yields,
The aulture fluilds Lrom these morlis were, however, found 1o possess
only a limited espacity to bydwclyss dextrans with high degress of

Yrauehing.
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Later, Weigel9° end eo~workers were sble to induce selected
Penicilldum moulds to grow in medéa containing the essentially unbranched
Se Bavis% dextren, and so to produce dextranases virtuslly uncontaminated
by other oarboh;;drases.

The exocellulsr dextranases of P. lilacinum (NRRL 896, IMI 79197)
end P._furiculosum (NRRL 1132, IMI 7919%5) were shown to hyd:coiyse
Se FPovla dextran, isomaltodextring and modified isomsltodextrina

:'ﬁcontaining not less than three £ -glucosidic linkages.90 The dextran

of L, mesenteroides NRRL B-1375 (an &£ «(1->3) branched dextran) was

degraded to glucose, isomaltose, isomeltotriose end a complex mixture

of 'branched® oligosaccharide:s.76 |
To explain these findings Hutson am_i Weligel proposed91 en 'action

pattern‘ for each dextranase, which ia summarized as followa:

(2) The smaliest linear (non-brenéhing) system hydrolysed by either
dexti‘anase wag of the type represented by structure XXXVI in figure
I1I.6. ‘

It had a egingle point of hydrolysis at the central glucesidie
linksge, in contrast to the slightly larger system, represented by
structure XXXVII, which had two equivalent points of hydrolysis,

(b) The most readily hydrolysed system, realised in an unbranched dextran,
consisted of a long chain of «£~(1-+6) linked glucose units,

(c) The structures of the 'branched' oligosaccharides obtained from
NERL B-1375 dextran, ® chown in figure II1,T., indicated that,
within this system, certain a:-(l-»é) linksges were resistant to the

action of the dextranases by virtue of their proximity to the « ~(1-+3)



branching linkags. Thesa rosistant linkages awo sbov}n in figure
I1T.3.
 Howaver, slow hydrolysis of thema oligosaccharides when incubatai
£oxr long pa:;::lodg with dextrenase sugzested that the resistance waé
not total.

Thess dextranase 'action patterns‘91 enabled the sirueturss of
olizosacchaxiden obtained from dextranase digasts of the oﬁ‘(l-»4);
branched NERL B-1415 dextran 4o ba corrastly prcdioted;vs resulte vhich
also indicated tha% tha 'astion patterns' ware unaffected by the types of

=lirkkages foxming the branching polats.

It wam slignificant that the branches of the oligosaccharides - shown
in figure I1I.T. = coasisted of a single glucosyl unite Indead thia
fact was the first im&ication% that in the parant dextrans the branches
might also eomsist of a single glucogyl unit = lator proved Yy an
unexhiguous mathoa.27

Tnue the oligosaccharides arose from the enzymie hydrolysis of
«={1-»6) 1inks of the main chain.

It wae now of interest to inveswtigate the eoffect of dsxtranases on

the sitructuras of L. wegentoroides NESL E«1297 S dexizan,

The results of thoss inveaztlgations are dizcussed under the followlng
headingse
(1) Initial failure to degrode astive B-1299 8 dextran with two
doxtranencs.
(44) The debramohing of native B~1299 S dextran bty contralled acld

hydxolyeis.

93
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FIGURE TlI.¢. —— THE AcTiION OF
DEXTRANASES ON TWO LINEAR SYSTEMS,
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FIGQURE T —— OLIGOSACCHARIDES PROPUCED
BY THE ACTION OF PENICILLIUM DEXTRANASES
ON NRRL B-1315 AND NRRL B ~|L415 DEXTRANS

R
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dextranase on\y
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dexkranase only
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R
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T \—=73 or |=»L LINK,

OR REPUCING GLUCOSE UNIT,
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FIGURE TIT.g. DEXTRANASE RESISTANT
LINKS IN AN - (1+3) BRANCHED DEXTRAN.
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P LILAGNUM DEXTRANASE ,

oy

P. FUNICULOSUM DEXTRANASE

O GLuCosSYL UNAT . — &=(1—»6) LINK.
{; o«- (13) LINK  —e— RESISTANT LINK
IN DEXTRAN AND OLIGOSACIHARIDES,

“t" APPITIONAL RESISTANT LINK N
OLIGOSACCHARIDES.
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(1i1) The chorasterisstion of olligosaccherides produced by the estion

- ol By 1ilrclrun dextrancss on seld degraded E-1299 8 dextren,

{(iv) dumery of resulis 1n Section YIIeDey vuli coue genersl conclusions.

1) Irditirl failure to deorsde rative Bw1299 S dextran with two
dextranases

The dextranase from P, funigulosun (NRRL 1132) was obtained from the
departmental collection,  The P, lilacinum (¥RRL 896) dextranase was
prepared in the usué.l wa; 0 by culturing P, lilecirum mould in é mediun
contsizding S, Bovie dexfrsn as the sole svarce of caxrbohydrate (expt. 14
(=22,

The £a _Bovis dextrsr had been prepared secording to the method of

Baileygz (expte 14(3)) aré had 95% ¢f 18 links, when these were
deternined fream periodate oxidation date’” (expts 14{c))s

Zagh of the dexirancses reawdlly hydrolyced 8, Povie, FRBL Be1375 end
TRRL D-141% dextrens 4n standexd digssts, 4o glve products chromatographing
| s glucoss, fsousltose, lecusitotricss wnd ldgaer *brinched' oligo-
sacchax'idas75'76 (expt. 14(3)).

Thoe P 1lloeirum (extruct) had en activity of 0,12 dextranase
unite/ml., end the P. funigulosum (freeme drded) of 1.25 doztranase
wills,ug.; when L dexivensse unit is the amouat of enwyme which will
1ibezute 1 wg. equivalent of iscmeliose menclydrate in 1 Lour at 40°C
from g, Dovig dextran {Teackiyas' du?irition).a9 Tetadls of the
determinstion of the sctivities ers given in cxyeriment 14(e)s
dovlogun dextreancse wa;a s#ble to release traces of

While the E

cligoseccharidon, the Do illacimw nreprration wes unzble to affect eny

degradation of the rative D-1209 S dextren (S ¢f the nutive B-1299 L



FIGURE 111.9, —— ACT\WON OF DEXTRANAGES
ON FOUR DEXTRANS
100
S.Bov\S o
—0— Llacinum
L NRRL .
Jo R-51%, —Q— ‘P;f'\-\\'\\Cu\osum
For
Tor
w
%
o
i
bo- 4
<4 A~
v, W
%o
Sof & 2 | O\ NRRL B-
o ¥ 1375 (B\RMINGHAM)
g 9 o
Z H
bo- ¢
S wn
ﬁ <
«
sor
201
. NRRL
NB-TR2
\
‘ou \\ \\
N \
A) \
\
BRANCHING (%) Y
N \ 1 AY l\\

o Vo 20 2o o

103



dextren), . | |
This failure to affect appreciable degradation of B-1299 S dextran
is attrituted te the very kigh desree of branching of the molecule (page52 ),

as ecrlier exper.imnta%

had indieated that degradotion of 2 dextran by
these dextrarases would be unlikely 4f the molecule had a degree of

branching in excess of 417 (B, fynicviermm) or 374 (F._ lilecirmm).

Piz. I1T.9: summarices thie work in whiech the 'easa' of enzymic
brdzolysis (exnresned in terms of the smount of isomaltose equivalent
liborated, commared with the nmount vhich conld theoreticslly he released
from the &k~{1-+6) linksges present) Le compeved with the degree of
Treaching of the dextrana |

It wrs apnavent fron this cvidence that before either of the
dextirancgos oonld extoncively desrade B=1299 O dextran e considerable
gshronebing of the simoture wovld be necensary.

(11) Thn dehpanehins of native B-1299 S dextren by comtrolled acid
degradation

Vathylation snd acetolysis experiments (mections IX.G. and II1,C,)

had shown that the brenching in native B-1299 § dextren cccurred
excluzively through ««(1-+2) linked gtucosa units, altbough a emall
rercontage of «~(1l-+3) linked units were situcted at nonebranching
points. Together these dexitrenese resistan% linkages cecounted for 4056
of the totz) glucosidie linkages in this dextran.

In sddition, partial acid hydrolysis of the dextzon (Section 1I1.B.)
indisated th=%t the molecule contained scquences of «={1-»6) linked

glucose nndts = which probebly formed the Yekeleton' of the molecule.
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FIGURE 1l.;g — HYDROLYSIS VELOCITIES OF -THREE
o~ GLUCOBIOSES , WITH N -SULPHURIC AQD AT 85°C,
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X»Ic»].f"rtm?’9 and l%.tsuda,w experirenting inﬁepéndently with L«glucors
édseccharides, have demonstreted thet the retes of acid hycroelyels of
the «={1+2) erd «=-(1-3) linkages ore considerstly grester than that
ef an oc=(1-+6) 2ink (Fiz. II1.10.). |

Tris indiceted the poscitility of ackieving the necesssry febranching
by a mild hydrolyeis ¢f the B1259 S dextran,

In experiment 14(£)(1) = usinrg 29 a zuils for the hydvolysis
eonditions the vslues given in Fig, IIT.10. « samples of Re1299 S dextren
wers hydrolysed with dilute =cid for 4iffsrent pericds of time, to produce
a sexies ol variously degraled dsxtrsras It wes noted that, ss the tic
el hydrolysis increased, the return of dazreadasd dsktran decvsssed ss shown
in Tig. Ve6.y but the move bizhly degraded of these dextrans gave the
greater yislis of oligoseacharidas (estimatod visually from chmmtog;smas). H
‘after incubation with ssch ef ths dextranases (sxpi. 14(d)).

Both of thesa {actors wers eonsidsred whan gelzoting condidions for a
larzer sosle acid degrsl;htion of B~1299 8 dsxiwan, In expi. 14(£)(i1),
the B-1299 S dextran (200 gme) was hydrolysed aa befora o yleld degvadod
dextran (55 gm.)s plus glucoss and 1nomaltoas homolosuss which were
recoverad from dialysates,

The degraded dextran, which wlll be reforred to aa AD1299 8 dexiran,
wag oxidized with sodinm metaperiodate (expte. 14(g)) and,from the
experimental resulta, by épplyiﬂg the analysla descxribed on pages29-31 .13
1t was ealeoulated that 91% of the linkagsz were I+6 and 9% l-w2.

In addition the W epectzrrm of the deuberated £D-12337 O dextren

(Fig. IIT.11.) ehowed o greatly increased signal = &t =5.10 ppm » from
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protons asﬁociated wvith the 14 glusseidle linkuge when compared with
that of the native B-1299 § dextran (Plg. II.4.)s Tho preseace of 1-+2
glucosidle linksges woa indicated oy the additioaal i’Bié’ﬁu}. - & zhoulder
at «5.28 ppm to the main Peak = waich was not observed in the spectrum
of the l-»6 linked Be5l% dextran (Fige II35.).

(iii) ‘L_e ¥ ARt ey &) 2321 3 &6
OM&cim df}i&ﬁése on ecid de; ade B-l? S dextm

The AD~1299 S dextran was incubated with P, _}ilacinum dextranase

(the one chosen for future study) to determine its 'degradability® in
terms of the reducing power (as isomaltose) of the oligosaccharides
liverateds The results ere summarized in Table V.2l. (see expt. 14(n)).

The sbsence of a limiting value for the released reducing power,
which 1s seen elearly in Fig, I1.12,, is probably due to a slow hydrolysis
of the dextrenase resistant 1-» 6 linksges desoribed in the ‘action
patterns' on page 97 «

It 48 perticularly interesting that, 4f the AD-1299 S dextran is
compared with the dextrans in Fig, IIZ.9., it ghows a fexr greater
resistance to the PA, 1ilocinum dextronase thun could be anticlpated from
the numbers of i—»a links present in the molecule, The amount of
reducing sugers (estimated as isomsltose) liberated from AD-1299 S
dextran (17%) is much smalliexr then that expectedgo (727) from the results
pumnarized in Fig, I1I.9., for a dextran conteining 94 ef 12 links,

Thls resistance was egain demonstrated when paper chromatography of
the products of AD=1299 S dextran-Gextranase digests {exzpt. 14(d))

revealed lsrge smounts of uaresolved 'high solecular welght! material,
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FIGURE 1W1.12. LIBERATION OF REDUCING
SUGARS (AS TSOMALTOSE) BY P_LILACGINUM
DEXTRANASE FROM AD-1299S DEXTRAN.
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fere of the peper chromatesraptde yreperties of the remolvable
cligossecherides from there digests wre chowvn in Table IIT.)0.. |

Each conporent geve e green stoim with sprey reazent (¢)
charseteristic of a &suhatituted reducing glucose unit. The major
products, components 2 and 3, were chrometograpbiczlly identical to
isomaltose and iscmaltotriose in solvent (b), but the higher
oligosaccharides 25, 26, 27, 28 and 29 migrated merginally faster than
the iromaltose homologues with degrees of polymerisation 4, 5, 6, 7 and 8
rerpeetively.

When the Ry value (see pege)57) of ecch of these components was
rlotted sgeinct & degree of rolymerisation, provisionally assigned on
the bazis of the chromatogrephic pisrstion rete, a sivalght line resulied -
indieating the ronsibility that these oligosaccharides formed a
homnlogous series distinet from the iscmaliodextxring, with which they

ave compared in Pigs IIT.13..
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Table IIT.10. (ligossecchorides produced by enzymie
degradation of AD-1293 B dextran

| - Staining | Staining Poscible
Component | solvent| Ey | colour | intensit jdentit
(v) sprey (¢) | spray (J v
1 1,00 - - + Glucoae
2 0.74 0445 green 4+ Isomaltose
3 0,55 | 0.70| green 3+ |Isomaltotriose
'B:Z'Sﬂn - ]
25 Ce4l [ 095 | green + txisacchzgiege
. YBranched !
26 0.27 |1.10] green 11+ pentasaccharide
] L
27 0,18 |1.30 | green + | nexorsaohanide
i *Branched®
28 0.12 [1.55 | green *  |beptasaccharide
. ’ tR hed !
29 Gel7  [1475 | gxeen * actasicaz;aigdo

fufficient quantities of these '"enzymic' ¢ligosaccharides fox
structural analysis were obtained by incubsting the AD=1299 S dextran
(50 grams) with P, lilecinum dextranase (expt. 14(1)).

The oligosaccharides were sepasrated on & carbon column, end
components 25, 26 and 27 were refractionated on paper chromatograms,
The yields of these oligosaccharides are given in Table V.22. |

Some properties of components 1, 2, 3 (21), 25, 26 snd 27 sve
listed in Table IIT.1l., including the degrees of polymerisation (see
éxpt. 15(a)) end optical rotations (see expt. 15(b)).

1i2e



Table I1X,11. Propsriies of scme oligosacchexides
produced by enzynmic degradation of AD-1299 S dexitran

, o | RG N Mc* ;
Component | D.P, ( quiEggrium) f:)).vent bor‘gte molybdate
1 - -~ 1 ‘00 1 . OO 10 00
2 1.9 +1209 074 0.70 070
3 - 0.56 | 0.60 | 0,58
2.9
21 - 0.60 0.27 0,12
25 4.0 - +4157° 0.32 0.50 0+46
26 5.0 +1699 0.26 0.45 Ou4l
27 5e9 +171° 0.16 0.41 0.39

* ifter reduction with sodium borohydride

Although components 25, 26 and 27 were chromatogrephically
homogeneous in solvent (b), hezvily spotted borate electrophoretograms
revealed traces of components having M. valuss of 0.24 (in component 25),
0.21 (in component 26) and 0,20 (in component 27). Aleo, heavily
spotted molybdate electrophoretograms revealed traces of reduced
componenta with Mg values of 0,11 (in reduced component 25), 0,10 (in
reduced component 26) and 0.09 (in reduced component 27).

The partisl acetolysis experiments (Section III.C.) had indicated
that such electrophoretic behaviour was typlcal of oligosaccharides
having a 2, 6vdi-o-substitu’aed glucose unit at the reducing end of the
molecule.

Because of the small amounts of these materials present no attempt

was made to remove them from the major isomers, bubt reference is made
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to them later (Section III.D(iv)). The characterisation of the
components 1, 2, 3, (21), 25, 26 and 27 was complete as follows.

Comporent 1, had chrometographic propezities identieal to thoase of
glucose end, after erystallisation from equeous ethanol, had a mpt. of
138-143°C, undepressed by euthentie D-glucose, o |

The presence of a small amount of glucose in the hydrolysate was not
unexpected as the *action pattem'91 prediets that this monosaccharide
will im relessed in small quantities when P, lileeinum dextranase is
used to degrade & dextran,

Component 2, had ohromatographic properties and an optical rotation
eonminstent with isémaltom. tn oxidation vith eodiun metaperiodate
(expﬁ. 15(c)) the dizsecchoride roduced € moles of periodate im liberating
5 moles of formic ecid per mole of the sugar, . These figures are
identiecl to those previously repox-tedes for iscmaltosa.

Tre dextransse 'sotion pattern'gl predicts that a lsrge quantity
of isomzltcse will be liberated when a dextran is degraded by P, lilscirum
dextranasc.

Component %, hed at first sppesred to be chrematographically
homogensong on paper chromatozrams eluted with solvent (b) but, when
this component was separated on carbonegelits and then yechromatographed
in solvent (b), heavily spotted chromatograms revealed thet component 3
was contaninated by & small amount of & second component which migrated
faster on the chromutogram, with en Ry value identleal to that of the
trisaccharide component 21 obtalned from acetolysis of B-1299 S dextran
(Section III.C.)e

In sddition, component % was not homogeneous after borate
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electrophoresis on hewvily spottad elecirophoretsirans,bsing contaminated
by a emall emount of a slow migratingveomponent. vhose Mg value was
identical to that of component 21,

After reduction component 3 pfeved to be nonshomogeneoué vhen
subjected to molybdate electrophoresisj containing a emall emount of a
component whose Mg value was identical to that of reduced trisaccharide
XX « a constituent of the reduced component 21 (see Table III.6.).

Prom these results i% was concluded %hut the trisacchsxide fraction
from the enzymically degraded AD=1299 § de%tian contained two components}
~ the major component 3} having chromatographic properties identical to those
of isomaltotriose and & minor gomponent having chromatographie properties
identical to those of trissocharide XXI of the mixture constituting
¢omponent 21, -

Components SFand 21 wére not separated, but the mixture was examined
by partial éeetoiyéia (expte 15(d)) and by periodate oxidation (expt. 15
(e)) o |

The pértiél scetolysate contained components dhromatogréphing as
glucose, isomaltose end kojiblose {trace). |

Periodate oxidation indicated that the mixed trisaccharides reduced
an avefage of 7.7 moles of periadatebin libérating 5.6 molés of formic
eoid per mole (see Table V.25. and Fig., ITI.14.). These figures were
glightly lovwer than those reported forx isomaltotriOBaes (8 moles of
periodate reduced and 6 moles of formie acid-liberated) but were
conslstent with the presence of a small amoﬁnt of trisaccharide XXI in

admixture with isomaltotriose.
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The presence of largs quantitiez of isomaltotriose was predisted
by the ‘action patterq‘sl of B, lilacinum enzyme, but the additional
presence of trisaccharide XXI was not expected srd for thiz resson 1s
considsred later (Section II1.D.(iv)).

Compnnent 25, had e paper chromatographic migration rate (solvent (b))

slightly greater than that of iscmaltotetraose, tut in borate
electrophoresis, and (after raduction) in molybdate electrophoresis
the twe weve inseperndla.
dextranasey however, cowmponant 25 was found to be ouly slightly degraded
and could not therelors have been isomaltotetraose, On partial acid
hydeolyeis {expte 15{f)) compunent 25 gave fragmsnts which had paper
chromatogrepiic migration rates (solvent (b)) similar to those of glucose,
isomaltose, kojiviose (trace) and isomaltoiriose ~ results which indicate
that the resistance to dextrenaze was due to the preeence of the 12
link within an otherwise 1#*6»1inkedimmleoule.
To determine the number of 1-+2 linked units within the molecule,
component 25 was oxidized with an excess of sodiﬁm metaperiodate
 (expte 15(c))s ‘Whe yemalts of the oxidation, summerized in Table V.25,
end Fige 11Xel4sy show that 9 moles of periodate were reduced and 3.9
woles of formio scid were liberated per mele of the telrasaccharide.
Toese figures, when compared with the 10 moles of periodate reduced
and 7 moles of formio acid releasad per mole of isomaltotetraose indicate
that each molecule of tetrasaccharide component 25 contains & single 1-+2

glucogidie linkage.
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T¢ estzblish vkether the 12 link formed a branching point or not,
component 25 wee methylated by the _K&‘m?} end Pmﬁie% procedures
(expte 15(s)).

Tlie methylated tetrzseccharide wea then methznolysed and the methyl
glucesider go formed were exemined by vepour phase chromstography, The
eomponents loceted hed the rotention times (BT mr) = see pege = ghown
in Tuble V27« (pase ), ond vere ddentified by veference to ptanday
coﬁvoundg, chrometograpt xe/d on ‘L‘he ceme colurms, whose retention times are
chown 4n Table V.26, (p"" ).

The presence of 2,%,4 m& Zeheb triwo~methyly rethyl glucesides in

the methanolyente shiowed thet the wejor isonar {or isomcrs) comprising

couponent 295 muet Leve a linecr stmc‘mre.

Theee fsomers which fulfil both the raqud rerf*nts of %he pericdate
exidetion sad wethylation Jata cxe Lllustroted in Pig. TILW1S5.

TsomexX XTI can, however, be zuled out for the rdgration rote in
} 1 - 5 5 46
borete electrophoresis, end eisining property (ereen with spzay (o))
of component 25 indicated that the oligosaccharide hod & C-ow-substituted
glucose unit 8t the reducing end of the moleculs.

The more ifficult prodblem of eutablisbing the presence off abeence
of lgomers XAVIII and XIX remzined.
st 12276 _

Welgel hag overcome a similar problem in loczting the pozltions
of 1-»3 and 14 branched gluccse usils in otherwise 16 lirked
oligosaccharides (see Fige IIL.T4), by subjeeting the molecules %o o
process of 'reductive erosion’ s

The technique invelved a progressive fragmentation of the reduced
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oligogzectoride and the reparstion rod icdentificciion of the fregnents
by peper chromebogrephy and electroprhorasie in rmolybdste elecirulyte.

br espentisd requirewent of this methed waa, howevsr, thet a frsgment
conteining e eingle ‘trancked’ (rcoordary glucosidic) linkegs ghoull te
geporable In paper chrometography frenm the isomelisee homelogue of
equivelent dogres of poijyuarissiion,

Triz requiremont preventeld the €irect epplisction of this matled ta
componant 25, for slihough 1-6 lirked oligorseohsrides contadning &
single 12 ligkese 20 migrate at & faster wate then lsonsltore bomologues
of equlvelent degree of polyzerdsstion, the differcace ls so elight that
sdeguate vogolulisn of mixdurves of the twe o 2ot practlealdly pessille.

Tidle appreach ddd, however, suggsst o sdallar echems Ln which
fregrents Irom the Jdegraded modacale were 1dentilied Dy electropluresls,
but which 314 nol requirs efperaling isemeltose Loewmolojuees from fragments
containing the 1+2 linkagze.

The b&si# for the method, dlscugsed in Ssction IZT.A. regia on the
fast thet glacose oligamaecharideqﬁf equlvalent moleoular welght,
teridzating io oltber a Z-d~zulstilutedy Geowsubsiituted or a 2,6
Qiwomgnlstitated reducing end undt will bshave diffexeaily in borcie and
{attar reductisn) in melybdate elselropiiomresls « differences which make
poasible dhe saparations oullined in Fig. 1II.16.

After partial degradetion (Fig. 111.17.)‘tha iscueris tetrasaccharides
AXVILT end X4IX will ezch give comson disaccusride Iractions containing
kojiclose and isomnliose, bul the trissccharide fractions will be

differsnts deograistion of isomer XAVIII will give rize 1o the
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trisaccharide XIX and isomaltotriose, but isomer XXIX will produce
trisaccharides XIX and XX,

Although these trisaccharides have essentially the ssme paper
chromatographic migration rates isomaltotriose and trisaccheride XIX,
which have 6-0-substituted reducing end units, will migrate faster in
borate electrophoreéie (¥z epprox. 0.60) than trisaccharide XX (Mg
approxs 0,28) which has e 2«-c=substituted reducing end unit.

In practice location of two components (Mg epprox. 0.60 and 0.28) in
borate electrophoresis of the trisaccharide fraction, from partisl
degradation of component 25, will indicate the presence of trisacchsrides
XIX end XX which could only come from isomer XXIX. A single component
(Mg spprox. 0.60) 4n borate electrophoresis will indicate that only
isomaltotriose end trisaccharide XIX from isomer XXVIII sre present.

If component 25 i3 a mixture of {somers XXVIII and XXIX this will
be reflected 1n a greater staining intensity of the trisaccharide
component Mz approxe 0.60 when compared with that of the slower component
Mg epprox. 0.28 on the electrophoretogram.

The partial degradation of component 25 by acetolysis reagents is
deseribed in expt. 15(d)« Partial acetolysis vas chosen in preference
to partial acid hydrolysis because of the greater yleld of fragments
containing the 1--2 linkage which could be expested?® (ses Section II,D.).

The deasetylated products were separated on paper chromatograms in
solvent (b), end after elution the disaccharide and trisaccharide
fractions were examined by electrophoresis in borate and molybdate

eleotrolytes.
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Ths results ef these sxyerisents ers shown in Teble YII.12.. The
disaccharides iselated hed chromatographic properties consistent with
those of kojibisse and dsomsltose, 'b‘at borate elactropkoresls of the
trisoccharide fraction revesled two components Mg 0461 =nd 0,27 which -
after relucticn migzrated za & single component Mg ‘0.58 » figares which
indicate that trisacsheride XX (from LzomerXXIX) wes & mmpc;nant of this
fracticn,

The stzining intensity of the component with ¥y C.61 was approximately
three times greater than that of the glower :;;ompcnent vith Mg 0.274 from
which 1t wes coneluded that isomer IXVIII was present in edmixture with
igomaer XIIX.

Table III.12. Produsts of the partial acetolysis of
component 25

Deif-oagiﬁw solvﬁnat (b) bortte molifgzate Tientity
251 1.00 (3+) - - Glucose
25.2 0.82 (+) | 0.30 0.69 Kojibiose
25.3 074 {+) | 0,70 0.69 Ieomaltose
25.4 0456 (2+) o5 0.58 Trissochazide XX

0.27 (+) Trisacchnride XX

. * After reduction

The figures fn perenthesis refer to the 'relative' staining
intensities of the components with spray (a).

'*Although‘tetrasaccharides have been observed in the oligosaecharide

patterns of native dextrans degraded by Py ﬁmiculosmn75 »76 and
Lagtobneillus bifidus’? dextranases they had been ebsent from similar
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P, 1ilacimm75’76 digests. The importance of the tetrasaccharides XXVIII
and XXIX will therefore be considered later, with respect to both the
B-1299 § dextran structure and the 'action pattern' of the P, lilscirmm
dextranase.

Commonent 26 hed & slightly greater migration rate in solvent (b)

_than isomaltopentaose, from which 1% was insepareble by borate and (after
reduction) molybdate electrophoresis.
| Component 26 was, however, only slighily degraded by P. 1ilscinum

dextrannse (expte 15(s)) and could not have been isomsltopentacse.

Fragmentsfxom the partial acid hydrolysls of componont 26 (expt. 15(f))
had paper chromatographis migration rates similar to thove of glucose,
kojibiose (trace), isomaltose, isomaltotriose snd 'isomaltotetracse’s

To establish with more certainty the identity of the 'isomsltotetrsose!,
this component was eluted from the paper chromatogram and incubated with

Po M1nnivum dextranase (ezpt. 15(e)).

Paper chromatography (solvent (b)) rovealed that approximately half
the 'tetrasacchsride'had been degzraded to products chromatogrephing as
glucose,isomaltose and isomaltotriose (but not kojidiose)s Reference to
Figs 111,18, = which shows the only two dextranase degradable
tetrasaccharides which could have been produced by acid hydrolysis of
component 26 = indicates that these products cquld only have come from
isonaltotetraose,

It would, therefore, appear that ecomponent 26 consists (in pert) of
igomers which hed @ backbone of four K«=(1-»6) linked glucose units to
which an «-(1-+2) linked unit is sattached to cause the resistance to

dextranases
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‘ .J’.Pe deternine vhether each molecule contained only a single 1-»2
livk component 26 vas oxidized with sodinm metaperfodate (expt. 15(s)).

The vesults of ;hx;datiom, swmorizod in Table V.25. and Fiz. ITT.14.,
show that 10,82 moles of periodate were reduced and 6.85 moies of fo‘mio
acid vere rsleased por molas of the pentaseccharide,

COomparison of these¢ oxidation figures with those from jsomaliopentaose
(12 moles of periodate reduced end 8 moles of formic acid liberated)
confirm that ezch moleeule of p.entaaaeéharide component 26 gontains &
single 12 linked glucose unit,

The yxcmse&91

| Yaction pattera® of Iy, Jilseirum dextranace indicated
the prokability that domponent 26 hzd e Yrenohing structure. To obtain
confirmstory evidense the pentesaccharide was methyleted by the Kﬁhn%
and Purdis’d proceduree (expt. 15(g)).

The nethylated component 26 wes methsnolysed and the methyl glucosides
libersted were sxemimed by vepour phase chromatography,

The somponerts loceted hed the vetention times shown in Table V.28,
(y,agezzﬁ), end were identified by reference to etandard compounds -
chrometegrapbed on the same columme - whose retention times ere shown in
Table Ve26.

The presence ¢f the methyl glucoside of 3,4,6 triwo-methyl gluoose,
eand rbaence of the wethyl glucoside of 3,4 di=c-methyl glucose, irdicated
thet the 1+2 1ink of component 26, contrary to the expectations of the
tacticn pattem’gl formed & nonebranching poirnt.

The four isomeric pentaszecharides which, on the evidence cf thre

periodate oxidation end methylation experiments, covld comprise component

<.

6.
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26 are shown 1n Piz. IIT.19.

Tsomer XTRXI oan he ruled out, for the electrophorstie and gtaining
properties of component 26 1ndicéte ‘thatvit hag a €ecesubstituted raducing
end unit, ;’mmer XXXVIIT being the‘ only remaining stmicture based on the
1ssmaltatetracsfé aystem (4dentified 4n partial acid hydrolysates), must
equally be present. A ;

Furthér, the 'action pattem'sl 1ndicates that stmicturs XXXVIIT
~would be stable to thel action of P.1ilscirim dextrennsa,

Two 1somers XXFIX and XXXX remain which do not heve the
_1e.em3.totetmaeé backbenss Of there 1gomer XXXIX oonld be expectal to
be remiatant to hydrolyéis by d‘ex*‘mnase, but Lleoper XXXX hag a stmoture
vhich shonld be mad‘il,v bydrolysed by Jextranase (mee Fig, 111.21.). |

‘ A nore detailed examination of the structure of component 26 was,
however, passible by the scheme of degradation outlined im Pig, II11,20..
By this, partial degradction of each isomerio pentasaccharide will give
a cowanon dissechsrlde I.‘raction containing k0jiblssa and isomaltosa, bub
the trisaccharide mad tetrassachatide fractions, although popen
chromatosraphically bomogeneousz, will havae differant glectrophorstie
pmpérties. |

Isoner XXXVIII will give ilsomaltotriose and frissccharide XIX which
tarninate in o Geoemmbatituted radncing glucose mnit, and will tharefore
have identical misration rates in borete electrophoresis.

Tsomers XXXIX end X¥XX will give the same three trisaccharides, one
of whiel:x (trimaccharide XX) terminstes in a 2-o-sudatitutod veducing

glurone wnit and will have a low rata of migration in borate eleztrophorasis.
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Toomer XXKIX sud/or KUK will, therefore, be indlosted by Che presenve of
two campéneutu {iy 0460 and 0.23) in boruis elec:'izmy‘w:«xeéiﬁ of the
trisavoharide fraction.

Exeaination of the tetrasaccharide fyaction stows that isomers
XAXVIII end XAXIX will give oaly betvesacchsrides terminating in a
Sweomsubstituted reducing glucose unit, wihlch will migrate in borate
eisctrophivresly ag a single compousnt wiose Mg Veiue will be mimilax to
that of isomsltotelcaocse (Hy avproxe U050).

Igomer JaXL will gi'vé telrusaccharlde XAXT wiichlas a 2~o-gubstituted
reducing eud wait and will thsrelors have a much glower migratisn rate in
torete eleclicphoresis. The presenve of isovmer XXX will Da indicubed
ty two compoments (Mg approx. G50 ead 0.24) in bozate eleotroyhoresis of
the telrasacchavide frection. A limitation of this annlyeis is, howsvern,
that ths prescnce of isower XXAIX cunuot be establieshed in mixbures waich
rles contaln lzomer AXiX.

ft"aa vactisl neetolysis of componsnt 2¢ 4s desoribed in expte. 15(d)s
ths descstylated products were fractionzted on paper elovom tugress end
exsmlned Ly boxats end (after veduction) by molybdstz elestrophoresis.

The resulty rre suumesized in Toble ITT.13.

The diseccharides locsied kad chromutogrsphie ypespertien identical to
thoge of kojiviose wnd isowaltose, but boxaile electrophorezis ¢f tne
trisaccharide feaction revealed two components (Mg 0.60 and 0.27), which
after reduction wlgrstsd es & single compouend in molybdats electrophoresis
(Mg 0.58) = figuves which show thet irisaecharide XX frow isomer XXNIX

andf/ox XKX{ was present ia thds fractlom.
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L4

Talle IIT.13. Products of the partial acetolysis of
component 26

Degradation Rg - e} Mg* 3
product solvent (b) | borate molygdate Tdentity
26,1 1.00(2+) Glucose
26,2 0.83( +) 0.30 0.70 Kojibiose
26.3 0.74( +) 0.70 0.70 Isomaltose

' » Isomzltotriose
0.60(3+) Trisaccharide XIX
L 2644 0.56(2+) 0.58
i 0.27( +) Trisaccharide XX
Isomaltotetraose
! 26.5 10.40(4+) 0.50 0.47 Tetrssaccharides
! XXVIII, XXIX

¥ After reduction

The figures in perenthesis refer to the relative staining
intensities of the components with spray (a).

Examinatién of the tetrasaccheride fraction,; however, revealed a
zinzle component (I 0.50) in borate electrophoresis, which after reduction
hed an Mg value of 0.47*in molybdate electrophoresis. This indicated that
tatrasaccheride XXXI from isomer XXXX was absent from the tetrasaccharide
fraction of component 26, which must, therefore, consist of a mixture of

isomers ZHVIII and XXXIX.

The importasnce of pentasaccharides XXXVIII and XXXIX will be
conzidered later (Section III.D(iv)) with respect to both the B-1299 S
dextran structure and the ‘action pattern' of the P. lilapinum dextranase.

Component 27 had a paper chromatographic migration rate slightly greater

than isomsltohexaose from which it was inseparable in borate and molybdate
eleétrophoresis.. A
, Unlike isomaltohexaose, éomponent 27 was only slightly degraded by
P. lilrcinum dextrenase (expt. 15(e)).
Portisl acid hydrolysis (expt. 15(f)) revezled components

chromatosraphing as glucose, isomaltose, kojibiose (trace), isomaltotriose,
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*isomaltotetraose' and 'isomaltopentaose'.

The component chromatographing as 'isomaltotetracse’ was eonsid‘erably
degraded by dextranase (expt. 15(e)) and gave products which chromstographed
as glucose, isomaltose and isomaltotriose (but not kojibiose)e These
products could only have come from isomaltotetraose (see Fig., III,18.).
Component 27 must, therefore, contain compounds based on the isomaltotetraose
unit, In a similar incubation with dextrsnase the component chromatographing
ag 'izomsltcpentaose’ was extensively degrzded %o glve products
crmm&togmphiﬁg a3 glucose, isomeltese, and isomaltetrinse (but not
kojibiose)e Figure III,21, shows the only three daxtransce degradable
pentasaccherides which eaull.iv’:.-e produced bty kydrolysia of ecwpoment 27,
from which it would e=zem thet component 27, ¢oentained oligosaccherides based
on an 1samait9peataose wnite

Hovever, similarities in the chromatographic properslss of each o(
the trisaochorides libereted from the pentasascharides in Fig. II1T.21.
moke tzﬁis identification by no means certain,

The numdezr ¢f 12 1links 10 esch molacule was determined by
oxtdizing component 27 with scdium metaperiodete {expts. 15(c))e The
reéultz « gummzrized in Table V.25, and Fig, III,14. ~ show that for each
molecule of the hexaszocharide 12,6 moles of periodete were reduced and 7.6
moles of formie acid liberated. Under similar conditions lsomaltchexaose
reduced 14 molea of periocdate in libérating 9 moles of formio acid, which
indicated that component 27 consigted of e mixture of compounds, some of
which probadly contained a single and others two 12 links per molecule.
This fact prevented & satisfactory structural analysis of the



31,

FIGURE T 5| — THE ACTION OF P.LILACINUM
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hexasacchsrida hy the methods of methylsiion znd pertial scetolysis
previously described.,. The following information was, however, obtained.

Component 27 was methylated ua described in experiment 15(g) and,
efter methanolysis, the liberated mé'chyl glucosides were examined by
vapour phase ehromatograpb&. The results are shown in Table Ve29, and
the components were identified by reference to the standard methyl
glucosides shown in Table V.26, |

The major components correspond 4o 2,3,4,6 tetrae znd 2,3,4 triece
methyl, methyl glucosides although a small emount of %,4,6 trisoemethyl,
methyl glucoside slso appeéred to be present. |

From these results it was concluded ;bhat component 27 coutalned
primarily noxa»brénchimg oligosgsaccharides,

Partisl scetolyeim of component 27 (exprt. 15(8)) gsve » disaccharide
fraction conteining kejibiose end iszomaltose (Table III.14.), but boraf;e
electrophoresﬁ of the trisaccharids fraction révealed two components
(Mg 0,59 end 0.25) which after reduction migrated as two components
(Mg 0,58 and 0.10) in molybdate electrophoresis.

The tetrasaeccharide fraction aiso nigrated &s two ecomponents in
borate (Mg 0,50 and 0,21) end,after reduction, in malybdate (Mg 0,50 end
0.09) electrophoresis. | |

Thé pentasaochérido fractiou migrated‘ as a single component in both
borate (Mg 0.42) end (after reduction) in molybdate (Mg 0.42) electro=
phoresis, |

Taese resm}.té indicate the presence of trisaccharides end
tetrasaocharides with 2-0= end 2,6 d1-o0-substituted reducing end units,



tut ghow that all the pentassscharides have only Geommbstituted reducing
end units.

If these Lfragrenis sre subjected %o the sume intarpretalions as those
from cormponenta 25 and 26 (soce Pigures IIT.17. and IIT.20.) it would
sppeax that cemponent 27 could consicst of a mixtuve of at lecst the six
¢ligosaccherides showm in Fig. IIT.22,

Teble I1l.14. PFProducts from the partial aoetolysla
of component 27

Befmﬁﬁzzan aolvﬁgt (v) mﬁte mlﬁ%ﬁaie Tdentity
27 1.00(3+} Glucose
2742 0.82( +) 0.31 | 0.71 Kojibviose
273 0-.74(0 CaT2 5:71 Isomaltose
) | e.su;4+; c.sog%g Fdxed
275 0.40(2+) | 0.21( 4) | C.CY trissccharides
27.6 0.28(2+) C.42 0.42 Wnt&:ﬁjﬁaﬁdn

» Aﬂier reduation

The fisures in parenthegis refer 4o the relsiive staining
sensities of the components with spray (z).

Fexasaccharides XXX and XTI could well be yresent becauss thoy
have structures cimiler to those assigned to components 25 and 26, In
eddition, dscmer XZXYII has sn isomoltopentaose "beckbens! and could
explein the results of the partisl scid hydrulysis/dextranase digest
experinents. Isomer XXXXIII should be stable to dextranase, although
whether fsomsr XXXXIwould alse be siahle ls uncertain.
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The cligoertchaxiles XXOTILY, WORIV £0d XXXV eppear to be the
oniy linear hexssaccharides which oould conteln fwo l-»% links and s$1ll
glve the profuets oboerved in the partlsl scetolysate of component 27.

Portizl sesic¢lyels of compenent 27 dudicated 4hat the mizxtuve
vontained branched giructurcs. In the elrenve of & 1-»2 Lranched
pentasaccheride of the kind ghown dn Figs ITI.T. £¢ iz unlikely $het eny
brerched hémmeciwri&e could be present in which there wes a single
I-»2 linked glucosyl uaite Texeg:cchoride XXXVInuwy be presond for

this olizosaccharide would ¢ Zive degrmletlun oducts pirdlar 3o Yhuee
obeervel In the scelclyeate of cﬁ.m;vanent 2?.

{iv) Soomeyr of regnifs *n Sasdion TTT,7, 2rd eove someved ecrelpsions

The slruciures off tevre 55001‘»-&‘.»»’19 TIX and pentasaecheride JEXIX
clearly finii (::—.‘x'lb'.&‘ thal the ecid e‘«.agm»ied £D-1299 2 exibron containg intrs
chain 1-+2 linké, el pravile f’a;x*t}uvﬁ* gvifencae that 4n the native 3-17232 8
dextyen branches owur whioh are more them & single glm,am vnit long
{see structure }""’TII.; Fsg. I{IX.,,.).

Llthough poricdate exidatlon of £D=1299 § dextren hed indicated
that ¢ o2 tha glucose units are 12 linked, sn experisent of this kind

canned cpncfu.,f the pite of there 1ir ;’&Q"GB z«hich mnk'@ it; possiblc fﬁr the
'e,-nzym:tc' oliguseecharides to have ericen I‘rom uermmt* ons &t brsnching
or ron-branching sections ¢f the volecule.

Yowever, the absance ¢f @ 'branched' pentasaccheride in the AD-1299 S
Gextrsn hydrolysate - which hal been obsexved in dextranase digesis of
B-1375’25 and B-L‘,I,S?s dextrana ~ ig & good indication ihal breaches

censisting of a pingle &=(1-»2) linked glucesyl unii are either not
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accesgible to the dextranase or not present in the scid degraded dextran.

It may therefore be assuwmed that the 'enzymic' oligosaccharides from
AD-1229 S dextran have erisen from hydrolyees at non~branching points, or
vhere the branches consist of more than one glucose unit.

The 'action pattern' proposed by Hutson and Weige191 for P, 1ilacimm
dextranase can, however, most adequately explain the structures of the
tetra and pentasaccharides (and hexassocharides XXXXII and XXXXIITif
present) if 1t &s accepted that they arise from hydrolyses at non~branching
centres of the kind showm in Fig, III.23, In addition, the hexaszocharides
in the mixture comprising component 27, which appear to contain two 12
links may well have arigen from gimilar hydrolyses vwhera 1-»2 linked units
are adjacent or in close ﬁmximity.

It is interesting to note that 4f thess oligosagcharides &id originate
from hydrolyses at nonebranching centres then the ‘action pattern' (Fig.
III,23,) would eppear to require the trisaccharide XIX to be in the
hydrolysate.

The experimental evidence does not indicate that this fragment is
present in the hydrolysate and it may well be that « as appears to be the
case vwith L, bifidus dextranas% vhere a trisaccharide could also have been
expected = in practice the enzyme system ‘cannot remove a fragment of this
type.

In contrast, the traces of oligosaccharides in the enzyme hydrolysate
which ap;:e&;x to have 2,6 di-oesubstituted reducing end uhits (see‘pags,u; )

ere very probably fragments which the P, lilacinum dexiranase has removed

from the reducing ends of the AD-1299 S dextran chains, because the 'act:lqn
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pattem’% cannot otherwise acoount for the presgnce of oligosucchurides
with thls arrengement at the reducing end.

Fige 11l.24.y for ezample, illustrates an arrangement at the redueing
end of the AD-1299 S dextran which could have given rise to trisaccharide
XXI (sea pagells ).

The ploture presented here of tha prodbable course of ths dextranuse
hydrolysis of AD«1299 S dextrun requires many of the l-2 liniks to ’ba. at
{dextranase accessible) nop-branching points; din coat;“ast ¥o the native
B-1293 S dexiran in which all tha 12 links form branching points.

The reasona {or these differcnces bevoma epparent i the ecid
hydrolyeis reactlon 18 examined in greater detail.

Fxperiments of Wolfremﬁ ? and Matsuda,40 with oC~D-glucopyranogyle=D-
glucoses, have indlicated that ia these simllsr environments L=(1-+2)
glucosidic links have a far greater rate ¢f acid hydrolysis then L«(1-+6)
1inksges,

Vhere their environments ere different the same Lelinkages may not
have equal hydrolysls rates. For example, Ianes% hzs ghown that the
hydrolysis rate of the «e(1-»€) lirk at the non-reducing end of
isomaltotriose is 1.7 times greater thaa that at the redueing end of the
molecule, whillst ia starca fxyémlye&tas‘(}? glucose ia the first dsteotzlle
product followed by oligosaccharides of progressively increassing molecular
sizo.

It is therefore probsble that when B-1299 S dextren is acid
Lydrolyseds ‘

&) an d—linkage:.,; &t the non~reducing end: of fhe chain will Live &
greater réte of acid hydrolysis thanlrllinkageu nearer the middle of



142

FIQURE T1.7). — PoSSIBLE
ORIGIN OF TRISACCHARIDE XX1

"Re&ucms emd of

AP-1299 S dextran
chain.’ ‘

Aclion of P.lilacinum
dextranase .

XXT

—> | =6 LNK

1‘ |—»2 LINK
——3 o= LINKAGE

O REPUCING GLUCOSE UNIT

——— HYDROLYSIS POINT



143,

the saue chain.

b) «®={1-+2) linkages ai non~rodacing eads of the chains will have a
hilgher rate of hydrolysis than similaxly positisned o« «{1-8) licks,
Thus hydrolysis of & ‘segment'! of the rative 3-1299 S dextran (Fig.

111.25.) could te envisaged ms a three stage process involving in

approximste ordext

a) bydrolysis of Ke{1+2) linked non~reducing terminal residues

'b)  hydrolysis of eimilar <«{1-+6) linked residues

¢) progressive erosion of the rewsining chains principally from the
nonereducing ends.

Although no satisfactory reason can be advarced to explain the
greater rute of acid hydvolysis of the ««(l-»2) link compered with the
««(1-€) link, the greater ecid lability of the nene-reducing terminal
linkagea can bé sccounted for 4f a mechanism mvolvmg a cyclic intermediate
operafes in dextran hydrolysie.

Th;is mechanism of acid hydrolysis, which was first proposed by
Edwardg,s has recently gsined favour, end involves the steps outlined in
Fig, I11.26. = where it is applied to sn L -glucopyranoside. Initially
protonation of the glucosidic oxygen atom oocurs to form the conjugated
ecid A, followed by heterolysis of the exocyclic oxygen to curbon atom 1
(Cy) bond to give & eyclic carboniumeoxonium fon B whick probably exists
in & half chair confoma.tion €. Reaotion with wuter then gives the

protonated reducing suger D from which the reducing suger E is formed,
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The rate determining step 4s the formation of the carbonium-oxonium
ion, which involves & net. counterclockwise rotation ebout the Gy to 05
end C4f to Cg ‘bbn;is. Evidence indicates that there is a direct relationship
between the hydrolysis rste and‘ the ease of rotation sbout these bonds.i‘g
Une factoxr which increases opposition to these changes, end so decresses
the rate of glucoside hydrolysis 1s the presence of a bulky substituent
on either positions 02. 05. ¢ 4 or 66 of the glycon ring.

The higher rute of hydrolysis o: terminal glucosidic links in B-1299 S
dextren could therefore be accounted for by the absence of tulky
substituentis on elilier 02. CS’ I 4 or 86 of the terminal non-reducing
glucose residues = wulch would facilitaie carboniumeoxonium fon formation,

The greater resiglance to hydrolysis of e glucosidic link situated
further from the non-reducing chein end could conversely be due to the
fact that carboniuwmeoxoniuvm ion formation, in this case, wduld require
first the reorientation of en entire chain (or chains) of glucose units.

In 60nclusion, the more imporient points made in these experiments
may be summaxrized as follows: |
a) The reasons for the failure of dextranasea to hydrolyse native
B«1299 S have been consideredi~ the main factér sppeared to be the high
degree of brenching, although experiments with an acid degraded dextran
(4D~1299 §) indicated that the B~1299 S dextran had also a 'resistance'
to dextranase which must have been due to some other feature of the
molecule = possibly the presence of many short chains of < «(1-»6) linked

glucose units or of many brenches more than one glucose unit long,
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)  The enzymlc degredation of en 83id degrnded dextran {AD=1299 8)
8ve 1ineazr tetra am«._; rentessachorides whase g‘tmetures vexre related to
a previoasly prc;m;sdgl *eotlon pattern® of T, lilecinun dextrancea.
¥oreover, the structure of pentaseechuride TXIX elcarly indisated thet
in the native Be1229 S dextiran some branches rmst eom::ist of g pinimum of
two glucowyl wnits and these same brauches ers probably at least four
glucoayl urits long if the *action patisyn® of Py lilsciruws is foken into
consideration (see Pig. LI1.27.)

e} The purtial avid hydrolyels of natlive B-1229 & dexirsn has bean

discussed in terma of 3 mechanizm of seid hydrulysis.
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IV, SOME GENERAL CONCLUSIONS

(1) Some general observationa

Water scluble and water inscluble oL -D-glucopyrans were isolated from
suorosge~-broth culfures of L, mesentercides HRRL B-1299.

Determination of the optical rotations and oxidation of the two
glucans with sodium metaperlodate established that they we’ro almost
certeinly 4dentical to the B=1299 S and B-1299 L dextrans isolated by
Jeanes from simdlar cultures.lsb ‘

The water scluble B-1299 S dextran accounted for 95% of the total
polysaccharide isclated from ouxr ocultures in contragt to the figure of
23% veported by Jeanes, The difference can, hiwever, probably be
gtiributed to differences of the culturing conditions employed.

'Jeanéa had 'orig:lnally reported that L, mesentsroides NRRL B-1299

belonged to en unususl class of micro organisms producing heterogeneous

13» The experimental resulis obtained in the present work do

dextrans,
not establish whether the B~1299 dextrens wre to be regarded as two
distinet polysaccherides or simply as the two major fractions of the pame
polymers for slthough they differ widsly in, for example, thelr water
éolnbilities they appasy to have many etructural features in common,

(11) The gmibesis of B-1299 dextrans

The B=1299 dextrans contain the same oLe~glucosidio linkages « though
in different proportions = and are thus almost certeinly synthesised by
the same enzyme system. |

Furthermore, the incidence ofck=(1+6), « =(1+2) and L=(1-+3) links ~

the latter not forming brsnching points « in these dextrans is an
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indication that they are probably synthesised by e multi enzyme system,
throuzh & mechanism of the kind proposed by Barker and Bauma9 rather than
by the asgencies of a single enzyme es has been suggested by Ebert.lze
In particular, the cloze similarity which exists between the two
repsating unitn, pmpo:snd on paga 57 may reflect the feet that the
water soluble B-1299 G dextran Iz an intermsiiate in the synthesia of the

water inscluble B-1299 L dextran.

(411) Theot={1+3) 14irks in B-1239 d=xtrong -

Methylstion emperinentw {Section II.G) have established that both the
B-1299 dextrans contain l-»3% links which do not form branching points.

Inspectisn of the repecting unite propoeed for the B-1239 dextrens
{p=zs S3) reveals thet the major chemicsl difference between these dextrans
i the number of oc<{1+»3) links which esch contsins.

It 43 pozzible that this difference could be larzely responsible for
the mexrkedly different wator solubilities and optical rotstions of the
two polymers.

These two physicel propexties end the remilts of 4rmunochemice)
studiest I™2L point to the fact that the ok ~(1-»3) links inm cach of these
dextrens could Ye featurez et the nonereducing ends of the chains,

The $mmnocherdical studles of Ksbat and the results of Twilth
Degrsdation {Ceotion IILF) indicate that brenches consisiing of 3e0=ol=De
'glucopyranosyl ~2wbe K =D-glusopyranceyl unita (ses Fig. IV.1.) mey dbe
important stiuctural features of both dextran molecules.

(iv) The Yronchea in Be1299 dexirera

A particularly unusuel feature of the P-1299 dexirana are the large
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' pergentages of secondary glucosidie linkagzes which each contains.

“The oK =(1+2,6) lirked units = which form the tranching points in
both dexirans = eppear to remaia largely es isolated from esch other {(a
possible exception is econsldered on page 96) withdn chaima of K ={(1>6)
linked uniis, giviag the 31299 dextrans an eusentially dextran-like
structure. (See page 1).

The braunches themselvas may well be of thres dypes:

(&) The products obbtaiaed from pactial sceiolysis (Scotion III.C)
snd enzymde degradation {Jection ITI.D) of the 31299 8 dsxtran provide
svidence that many branches of tiis dextrsn conslst of chaina of «={1-+6)
linked glucoss units.

(3) Beanchee consisting of a single K ~(1+2) linked glucosyl unid
mist also be present in B-1299 5 daxtiran in crder to recouncile the
experimental finding thet this dextran contains chains of at lsast 6
K ={1-+6) linkad giucese units (Seetion III.3) sad has a degree of
braaching of approzimately 354, Ia additlen, the production of entibodies
with a gerologloal specificily dirscted towards the ke(1-+2) glucosidie
link ladicates that many chains sre tersinabed by «={1-»2) liuked non-
reducing giucsse anits.n'm

Attempts during the covrse of the prasent work to investigate this

faature divectly tiurcugh eatalytic ouldatlon expeximents of the kind
applied to NRHL 1375 and NRRG 1415 dextrana-! proved unsuccessful = the
degrea of cxidation of availsble prizary hydroxyl groups never exceeding

9% even after extsnded perivds of oxldatioa.
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Prelimivexy examination = by psper chromatogrepby and electrophoresis -
of an aldobiourcrie scid frsotion from the hydrolysed D-1299 8 cerboxy
dexiran indicated that it contained as /& mejor product isomaltobiouronie
ecid - indicetive of cheins terminated by L «(1l-+6) linked nop-reducing
glucesa units,

{c) 25 has bacn alresdy svgzented 4t ie probsble thet some chains
{ro0 Fig. IV.1.) cre torminanted by an «={1-»3) linked none=rscing glucese
unlt,

If the asrlier mgesstion = that the water soluble Pw1229 § dextren
iz mn intermadiste in the forastion of tha welasr insoluble B=1299 L
dextran « $m correct, then the letter may »épresent & linmiting cace where
ro breockes remsin which sonsist of & singlas «={i+2) Jinked glucesyl
it ~ all having been termineted by an Le(l-»3) livksd glucoss unit or
extanded throush s chadn of L «{1-46) linked glucore vnits,

If thds eomumpiion 4s eorvect, reference to {he preposcd repeating
urit {peze 58) reveale that 607 of a1l the Ywranches ¢owld be of the kind
ghown In Fiz, IV.1., 203 the vemeining 400 world soneiet of exterded chains
of L ~{1-»6) linked glucose urdte, T BelR99 © Qevtron 40% of ell the
branches mey likewise ennsict of extended chaira of o ~(1»5) linked
glucose weits, ot onmly 207 could be of the kind shown in Fig. IV.l., &nd
the remeining 407 rust, therefore, consizt of single « ~(1-+2) linked

Slugosyl mnids.
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Y. EXPIRIMGENTAL DRTAILS

Ao General Procedures

(1) Paper chromatography wes carried out by descending technique on No.l
Whatman paper for general use, and on No.3 and No.l7 papers for medium
and lerge scale preparative work. The No.17 paper was washed with
distilled water before use, Loadings of these papers were: No.3;
*mg.lem, and No.1l7; 1l0mg.lcm,

The procedure used when fractionating sugars on a large scale was
as followss the sugar mixture to he separated was applied as a streak to
the base line of the paper and standard compounds were gpotted on the
marginsg of the paper to aid location of the separated components. After
development of the chromatogram in the chosen solvent strips were cut from
the edges and centre of the paper and stained with one of the spray
reagents.

The positions of the bands on these strips helped locate the
components of the mixture resolved on the chromatogram.

An alternative technique}ogsed particulerly with No,1l7 papers, was
to take the chromatogram, while still wet with the solvent, lay it on a
sheet of glass and place a sheet of No.l paper upon it, An imprint was
then teken by running & blunt edge up and down the No.l paper several
times, which, when sprayed up, gave a picture of the distribution of
components on the chromatograms The areas containing the separated
components were cut from the chromatogram, stapled to e paper 'wick' and

eluted with distilled water.
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(41) Solvent syatems, uced for pspsr chrometogrsphy weres

() n—butanglspyrmlnamater (61412, vy Vol\mxe).l(:)1

(b) tbe upper layer of en ethyl scetatespyridinetwater mixtare
(2:1s2, by val.uma).loz

(o) nebutenoltethunolswater (46311119, by volurae).mj

{8) n~-tutanolrbenzenespyridinetwater (5115312, by volums).

(e) rebuteroltethenolivatersamiorda (4011014911, by volmm).mﬁ

(£) ethyl ccetatetzcetie scidiformic scidivater (18131134, by

volums) R

(iii) Paver electrovhorecis vas eerried ovt in the following electrolytess

(a) Sodium borate, pd 10.@.63
Standard migrating merkers glucose,
Nonemigrating marker: tetrawo-mathyl glucose.
(b) Sodium molybdete, pi 5.5.83
Standard migrating markers glucitol.
Hon-migrating nerikert ‘glucosa.

(37) Surav rescents used for location of eomponents sepsrated by peper

chromatography or peper electrophoresis werae:

(2) Silver ritrate in ecetuns/sodium Lydroxide in ethanolome

(b) p-anisidine hydrochlorides "
(o) Anilire/ diphewlamine/phospnoxig acid,‘@s

(3} Tiphenylamine,/phospucric acida o
(v) Preperetion of = cerhon w celite colurm> 8

Eauzl weight of BuDeH. setivated chercoal and Lights Ho.545 celite

wvere mixed, trested with 4 volumes of econcentrated hydrochlerie acld, and
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sllowed to stand for 24 hours.

The mixture was then washed (by decéntation) with tap water to
reduce the acidity, and poured onto a iarge Blichner funnel. The mixture
was then re~washed, under guction, with running $ap water until the
filtrate was neutral., After stsnding (24 br) in 2 volumes of absolute
ethanol the mixture was given a final washing (by decantation) with
distilled water,

A 90 x Te5 cms glass columm was packed under gravity in distilled
watér, vhich was allowed to run freely through the column throughout the
packing procedure. To ensure horizontal interfaces between the layers
of packing media the column was plumbed to the vertical beforehand. The
packing media was supported on a hard packed layer of glass wool (5 cm.).
The column wag closed st the basze by a layer of Whatman CF 11 cellulose
(5 cm.), added as & thin aqueous slurry.

This wag followed by alayer of Lights No.545 Celite (5 cm.; washed
in concentrated hydrochloric acid), also sdded es & elurry.

The charcosl-celite slurry was then added to a depth of 70 cm. end
allowed to pack down over 4-5 hours, by which time the eluent flow rate
had reduced to a fast drip.

Next, a2 5 cm. layer of washed Celits was added’snd the column closed
with a lzyer of CF 11 cellulose (3 cm.), on top of which was placed a
filter paper to hold the column surface firms The column was eluted

with distilled water for 5 days before use.
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(Vi) Terms veed during paper chromatosraphy and paper electrophoresis

(a) Feper chromztooraphy

l. Bp = Distence moved by the component from the base line
Distance noved by the solvent front from the base line

2' RK =

2 Distance moved by the component from the bese line
Distance moved by the standard component x from the base line
Xy a standard marker, was usually glucose (RG>.
or 2,3,4,6 tetra-o-methyl glucose (Rng)
1-Ryr
3 E_N = lo'glo( RK )

when Ry may be Ry, Rpyg or Ry

(b} Parer electrophoresis

Iy = Distance moved by component from the non-migrating marker
Distence moved by standard component X from the non-

migrating marker
L, a standsrd nmarker, was usually glucose (Mg) in borate
electrolyte, or glucitol (Mg) in molybdate electrolyte

(¢) 3=s liquid chromatopraphy

Z. (the retention time) =

Time taken for tine component to pass throush the column
Time taken for the standard component X to pass through
. the column

X, the standard, was elways 2,3,4,6 tetra-o-methyl,

methyl glucoside (RTpTMG) for o-methyl, methyl glucosides.
109

(vii) Borolrrdride reductions of sugars.

Lqueous solutions of the sugars (1% w/v) were reduced with an
equal volume of sodium borohydride (2% w/v) for a peiriod of 12 hours.

C v o . o .
The solutions were then deionised by shaking with IR 120(H ) resin and
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evaperating the recidue with dry methanol.

(viii) Cartohydrate cortents of the sugers were determined by the phenole

gulpburic ecid methodMC A standsrd greph was prepared as follows:
analar D-glucose (100 mg.) wes dissolved in distilled water (1 litre)
end frem thip eolution aliguots cf 1.0, 0.7%, 0.50, 0.25 and 0.10 ml,
were removed and made to 1.0 ml. with distilled waters These solutions,
end & blank (dietilled water; 1 ml.) were treatsd with concentrated
sulphuric acid (5 ml.) repidly sdded from a pipette with & breken tip

to generate the colour. The tuhes were cooled, stoppered, mixed and
the optical densities of the molutions determined at 490 np with &
Unicem S.P.500 gpectrophotometer,

(ix) PBacteriological procedures

(=) Irnoeulstions, were made with pre-sterilized, oction wool plugged
ripettess The tips were 'flimed’, i.e. pesced through & bunsen
fleme, before inoculcoticns.

(b) Flscks snd tubes, were sealed with sterile cotton wool plugs.
During all irensfers, the neck of tha vessel and the plug were
'flared' in = bunsen burner.

(c) Sterilizire., All media was sterilized at 151b. per square inch
for 10=15 minutess The carbohydrate was sterilized separately
snd combined later to reduce decomposition.

(d) Hedis used were as follows:
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x vy, 1
ls  Idtmue « Y1k, ¢ non-dextran producing, preservatiecn medium

consigted of:

0.3% yenst extract (Marmite Co)

1.07% glucose

1.0% ealcium carbonate

Litoug indicator

(Initisl pH 7.0)
The calcium carbonate reutralised ecid meteabolites; =&t 0°C
organism viability could be maintained for 4 months.

2 Clueoge medium?ia ron=dextran producing medium consisted of:

Glucose 10 gm./litre
Evans peptone 10

Yeast extract 10
Microcosmic ralt 5

Mangsnese sulphate 0.05
fegmesivm sulphate Y4

Sodium acetzte 2.0

Potassium dibydrogen phosphate 1.0

(Initic) pH 6.7)
This was eszentially & subculturing nediun $n which dormsnt cells
(from freeze dried cultures) or slow growing cells (from preservztion
medium) could be revitalised. Orgsznism viebility could be nzintained
for 48 hours at 25°C.

3« Suerose meiium?'ia dextran producing medium consisted of:
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Sucross | 100 gm./1itre
Evana psptone 10

Yz2ast extragt o 10
Microcosmie salt 5
Manganese sulphate 0.05
Mammesium sulphate 02

Scdium scetate 2

Potassinn dihydrogen phoephate 1l

(Inttisl pH 6.7)
In this medium meximam baetsriel growth cocurred efter an initial
l=g of 24 hours, with high 002 productions Inereesing acidity
veually killed the orgerdems efter 72 hours,

Medias vsed for the S, Bovis orsanism 92

long term preservation wag posgsible on Iitmus « milk, but sube-

culturing took plzce through the following mediume

Sodinm ecetate .. 0415 moler
Yeast extrect . 0.5% w/vy
Bacte tryptose 1.4% wfv
Glucose 8.5% w/v

Potaeggivm earbonete 0,004 moler
The potassium carbonete was separately sterilized. For dextran
rroduction the glucose was repleced by en equal weight of sucrose,
Additions of prntothenie scid (20 mg. per litre) and biotin
(0.01 mg. per litre) mey be beneficial, Organism viability on

both medie could be mzintained for 48 hovrs at 38¢(,
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(x) Determination of the degree of polymerisation of sn oligossccharide

A solution (25 ml.) of 4% potassium borohydride was prepared, and
diluted as follows:

(a) 10 ml, were made to 20 ml, with distilled water (active

borohydride soluticn)
- (b) 10 ml. were made to 20 ml. with 2N sulphuric acid (inactive
borchydride soluticn)

An agqueocus zolution of the sugér was prepsred, containing between
30 and €0 pz of corbohydrate per ml,

Aliquots (1 ml.) of this sugar solution were then treated with
active borohydride solution (1 ml.) and incctive borohydride eolution
(1 ml,), and left (12 hours) in capped tubes,

The solutions were then treated with 4% phenol solution (1 ml.) and
analar concentrated sulphuriec acid (5 ml.) was added repidly, from a
pipette with a broken tip, to generate the colour,

After cooling for 0.5 hours, the optical densities of the solutlons
~ wers measured at 490 mpM using a Tnicam S«F4s500 spectropbotometer.

The degree of polymerisation (n) was calculated from the
following relationship:

N, _ optical density of the vnreduced sugzer solution
n-1 optical density of the reduced sugar sclution

(xi) Determination of the opticsl rotation of a suger
The sugar (approx. 15 mg.) was dissolved in distilled water (2 ml,)

and an aliquot (0.3 ml.) was removed and diluted to 25 ml.
The phenol-sulphuric method (sece General Procedure (viii)) was used

to determine accurately the sugar concentration of this, and hence the
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original, suger solution,

The optical rotation was measured with a mercury polerimeter in a
1 dm, tube (£illing on 0.7 ml,).

The specific rotation was calculated from the following expression:

Specific rotation [e€ ] = 100, degrees
L.c,

when, '« observed rotation of the sugar gsolution
L - .optica.l length of the tube (1 dm.)
¢ < sugar concenfration (2m./100 ml.)

The specific rotation (merqury 5461 i line) [oc]Hg vas converted

to the sodium D line value [ on dividing by 1.175.
(xii) Periodate oxidation of olizosaccharides

Solutions (10 ml.), each containing 15 to 20 mg., of oligosaccharide
(whose cpncentration had béen sccurately determined by the phenolw-sulphuric
method (see Géneral Procedure (viii)), were treated with an equal volume
of standard godium meta periodate solution and made to 100 ml. in a
voluﬁetric flaska. A blenk wae prepared for each oligosaccharide
containing standard periodate solution (10 ml.) made to 100 ml. with
distilled watex.

10 ml;, of each stundard periodate solution contained approximately
twice the amount éf‘sodiuﬁ meta: periodate calculated to completely
oxidize an equal welght of the isomaltodextrin, whose degree of
polymerisation is the same as that of the oligossccharide to be oxidized,

The oxidation was conducted at room temperature (approx. 25°C), in

the dark.
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To determine the smount of periodate reduced by the oligosaccharide
(a8 moles per mole of oligosaccharide) aliquots (5 ml.) were removed
from the reaction mixture snd blank solution, and treated with saturated
sodium bicarbonate solution (10 ml.).

A known excess (20 ml.) of standard 0.01N sodium meta-arsenite vas
added, followed by 205 potassium iodide solution (2 ml.) as a catalyst.
The solutions vere éwirléd, left in the daxk (15 minutes)'and the
unreacted ersenite was estimeted by titration with étandard C.01N
todine golution.t3 | | | |

From these fitres‘ the ‘qxian’r.ity of srsenite which had reacted with
the excésa periodate, znd hence the a&oxmt of periodate which had besn
reduced by the oligosaccharide, cculd bte calcxlated.

The emount of formic acid liberated by thé oligosaccharide (mcles
per mole of oligosaccheride) waé determined by removing sliquots (10 ml.)
from the maétipn mixture and biank sélution, and treating each with
ethylene glycol (1 mlv.) to destroy the excess sodium meta.periodate,

The soluﬁions were gtoppered snd left in the dark (1 hour) befcrs the
formic scid wae ectimated by titration with stenderd 0.0LN sodlum
hydroxide, in an atnorphere of nitrogen, using phenolphthalein indicator Mk

(xii1) }Lrlcubéticn of olisencekoxides with P 1llscinum dextranase

The oligosaccharide (approx. 5 mg.) was dissolved in 0.2 M sodium
citrate buffer solution (2 ml,) which had been edjusted to pH 5 with

citric acid.
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An equal volume (2 ml.) of P, lilacinum dextransse preparation
was added and the solution was mixed by inversion, sealed under a
layer of toluene and incubated (48 hdnrs) at 36°C.

After delonisation with IR 120(H') and IRA 400 (CH™) resins the

digests were fractionated on paper chromztograms (solvent(d)) and

exanined with gpray reagent (a).

B, Individual Fxperiments
Expte 1 Preservation of the lenconostoe organism
The NRRL B-1299 organism was donated by the United States Department

of Agriculture, Peoria, Illinois.

The bacteria were received in a dormant state, &s a freeze dried
suspension of cells grown on & sterile bovine serum,

The ampoule was transferred to the National Dairy Centre, Shinfield,
Reading, and accepted into the collection as N.C.D.0. 1875. On request
ampoules of the freeze dried organism were supplied by the Centre.

The organism was held in the Chemistry Department for limited
pericds on the Litmus-lMilk medium at 0°C,

Expt. 2 DPreparation and isolation of the dextrans

To reduce the possibility of infection most of the dextran was
prepared as required (in 10 litre batches) directly from freschly opened
ampoules of the freeze dried organiem. Before innocculating the sucrose
broth, thé bacterial cells were subcultured twice through the glucose
medium,

Glucose Medium (O.lml.) was added fo the dormant cells, still in the

ampoule, and the suspension used to innocculate 2«3 tubes each containing
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Glucoge Medium (10ml.).

After 36 hours inoubation, at 28°C, these cultures were used to
innocculate 2-3 tube# of fresh glucose medium, which were incubated in
a mimilar manner.

Cells from Athe glucose broth (1ml,) were innocculated into Sucrose
Medium (1 litre).

The sucrose broth was incubated at 26°C for 4 days, by which time
- the pH hed dropped to 3 or 4. The crude dextrans were extracted from
the sucrose broth by the scheme indieated in Fig. V.l.

Expte 3 Purification of the dextrang

- The ernde Bwe1200 8 dextron, wag discolved in distilled water,

reprecizitoted with an equel wvolume of a'bsoiute ethanol, centrifuged down
(3,000 repeite; 15 mirutes), end redissolved in distilled water.

This agueouns solution was deprofeinated by sheking with en equal
volume of a mizture of chloroformesmylalcohel {3.5:1 by voltxme)}lé The
protein precipitated out et the interfazce ¢f the two phases and was
removed with chloreform layer. This procsdure was repeated until no
nore pzo‘héiﬁ was seen fo preciplitats out.

?ﬁ@ deprotoinsted solution was then treated with ethanel teo
precipitate the daxtran, which was centrifuged down, redissolved in water,
and freeze drled to a white =01id.

The erude B-1299 L dextran, was dissolved in warm ¥ sodium hydroxlde

selution, and the pH adjusted to 4.0 wilh glacial ncetic acid.
The dextran wes precipltated from this solution by sdding sn equal

volume of abgolute ethanols After centrifuging down (3,000 repemss 15
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minutes), the dextran vas sgain dissolved in N sodium hydroxide solution
end the pH sdjusted with acid,.

The protein was removed from this solution by shsking with chloroforme
amyl alcohol mixture.

The deproteinéted dextran was sgain precipitated ty zdding ethanol,
centrifuged down, and finelly suspended in warm water before freeze drying
to a white solid.

1 litre of culture medium, containlng 100gm, of sucrose produced on
aversge the following weights of pa'lysacclfwri&e.

5.1299 L dextran 1 gn.
B-1299 8 dextran 17.5 &m.
Expts 4 Ash contents of the gex*rzmg
These were determined by A. Bernhardt (Germsny) on reguest, and

are recorded in Table II.l.

Expte. 5 Opticel rotations of the dextrons

Specifie rotations of standard solutions of the dextraus, in J{ sodium
hydroxide solution, were meusured with a Hilger scdium polarimeter,

The dextrans had been dried over phosphorus pentoxide at 50°C, in
vacuo end the weights corrected for ash conteants The optical rotations
are listed in Tasble IIl.l.

Expte 6 Infrared spectra of the de}c‘crans

These were determined upon dextren-nujol mulls held belween

potessium bromide platess A Unicam S.F.100 infrared spectrophotometer

-1
*

wag used to scan the range 650 to 1000 em The main features of these

spectra are ‘shown in Table 1I.2.
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The D-1259 polyesocharides (50Cmg.) were hydrolysed with 0,28

sulphurie scid {10ul.) in capped tubes placed in a water bath at 70°C
for 1 hour, |

Tus hydrolysates were nasubralised with saturated barium hydroxide
salutioa wsing beomothymol blue as an indicator.

Tha neutralised solutions were adjusted to 80% with sbsolute ethanol
and certrifuzed (10 wdnutesy 2,000 Tepems) to remove precipitated
polysaccheride and barium salts,

The supernatant solutiouns wers goncenirated by rotary evaporation, in
veovo et 40°C, oné subjected 4o chromatography im solvent (f). The
chromztograng vere developed with spray xéagents (&) end (d).

{b) Ortirum eonditions for hydrolysis ef slucosidie L;nka..ves§ 3

The B=1297 polysaschurides (2%nz.) wers hydrolysed with 2§ sulphurie

eeid (271,) 1n capped tubes placed in a water bath at 100°C for 8 hours,
The hydrolysotes were nesutralised with en excesa of barium carbonateg and
the ingoluble barium salis wera removed by centrifugation (10 minutes,
2,000 ropems e
The supormatsnt solusions were deionised with IR 120(H*) and IRA
400(0R™) rezing, end concentveted Yy yotary evaporation, in vacuo at 40°C,
The hydrolysates were subjested Yo paper ciwomstography in solvent (f)
end scdiun borete electrorhoresis, . The reduced hydrolysates were subjected
to eodivm ﬁolyb&ate glectrophoresiss The chromatograms snd electroe

phoretegrens ware developed with spray reagent (a)e
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(e) Cuerzctexisntion of the glucose from the dextrons

The Z-1299 rolyssccharides (1.5zm.) were hydrolysed with 2} sulphurie
aeid {20ml.) ip sealed flazks, pleced in & water hath % 100°C, for 8 hours,
Tha hydrolyestes were neutralised with excess barium carbonate, eentrifuged
and tie cupernstent solutions duionimed with IR 120(K*) and YRA 200(CH™)
reninse The solutions were then charcoaled end rotary evaporated to thin
syrups, whlch wars treated with ethumol until e slight turbidity was
observed, Aftew seeding with exystala of Deglucose the syrup erystallised
out {n the refrigerator. | |

Constants for the crystelline mnterial are given in Teble II.3,

(a) Irezarstion of gluco@eﬁg ~pentaaeetate57

Frashly fussd sodium acetate (15Umg.) was mixed with gluecsse end
refluxed with acstic anhydride (1wl.) for 40 minutes. 'fhe reaction
mixture wes pourad onto cruched ice (Sul,) and the solution neutraliged
(3L €,6) with sedium Viearbomates

The pracipitazted scetatz wee filtered, wsshed with ¢istilled water,
charooaled from ethanc) end reoryetallised from squeous etbuaol,

{e) Detormin-tion of ¢né cinccae content of the dextrons

The glucoce wse delermined with glucore oxidsse-peroxidase reagent
¢htaired in a kit from Eoebxiﬁger Piocharionle, Germahy. The centents of
ihe kit vere used to prepere tke following standard solutions.

Solntton Y. (300rls) sentsined peroxidase (4opg/ul) end glucese
oxidese (250ug/ml) 1n C.10 moler phosphate baffer (pH 4.7).

Solntion 2. (Bmla) conteined owdisandieidine hydroenloxide (6.6mg/m1),

The solutions could be stored for three weeks in the refrigerator.



Fresh 'glucose resgent' was prepared by mixing eolution 1 (100 parts)
vith solution 2 (1 part), with vigorous etirring, then equilibrating at
20°C before use,

Several standard solutions were prepared containing enslar Deglucose
(10 to 200 pz/ml) in dietilled water. The standard glucose solutions
end a distilled water btlank (0.2ml.) were mixed with fresh 'glucose
reagent' (5ml,) end incubated in the dark for 35 minutes.

The optical densities of the solutions were measured at 435 mu with
an S.,P.500 spectrophotometer, snd used to prepare & standard graph.

B~-1299 L dextran (100mg.) and B-1299 § dextran (10lmg.) were dried
over phosphorus pentoxide, in vacuo, at 50°C, and then hydrolysed with 2§
sulphuric acid (5ml.) in sealed tubes, placed in a weter bath at 100°C
for 9 hourse

Acid degradation of the liberated glucose was gompensated for by
including control solutions prepared es followss

Anslar D-glucose (500mg.) was dissolved in distilled water (20ml,),
and two sliquots (4ml.) were removed, diluted by addition of SX sulphurie
pcid (1rl,) and incubated alongside the two dextrans. Each of the
golutions was neutralised by addition or'g_sodium hydroxide (5ml.) end
nade quantitatively to 500ml.

Aliquots (0,2ml,) were removed from these solutions, incubated with
fresh 'glucose resgent' as described esrlier, end the glucose content
calculated from the etandard graph.

The results obtalned weres

170.
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B-1259 L dextzan 130 pg. glucose per ml,

B=129¢ & dextran 193 ¥ L
Coatzel solution 200 " " L
Hydrelysed contrsl 30 v ," LI

These figures indlcate that the loss of glucoss through ecid
degredation was 10% end the emount of glucese liberated from each dextran,
efter correction, wae B«1299 L (9523.) end B-1293 & (97.§mg.).

The figurea were converted ints parscenisges of glucose {ses page 16)
from the fact thet 14223. of dextren would theorsticslly liberate 130mg.

of glucose on complete hydrelysis.

Textren (30mg.) was hydrolysed with X

exlphuric ecid (3ml.) in a capped tube placed in a water bath at 100°C for
1.5 hourss

"I*ha hydzolysate was neutrazlised wiih zn excess of barium eerbonate .
end the inzoluble baxrlum salta were remsved by centrifugation.

Tae clear supernstant was delonised with IR 120(E") anad IRA go0(Ca”)
resins and ¢oncentrated by rotary eveporation, in vacue, &t 40°C o a syrup.
The ayrup was subjected to paper chromatogruphy im sclvents (2) und
(£)3 chromatograms being developed with spray reagents (a) and (o).
(b) Loxze sesle pertis] seid hydrolysis of 3-1299 3 dextran

B-1299 § dextran (35zm.) was treated with I sulphuris asid {70Cul.) to
glve a 57 solution.

The seclution was hydrolysal (1.25hr) in a seeled 2 litre flesk,
placed in a water bath at 100°C. The flask was swirled occasionally to
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quicken solution of the dextran,

The hydrolysste was neutralised with excess barium earbonate and
the insoluble barium salts centrifuged down. The supernatant was
filtered through a No.42 Whatmsn peper and deionised with IR 120(E*) end
IRA 400(UK") wesins.

The solution was concentrated to a syrup (24gm.) by rotary evaporation,
in vacuo, at 40°C and checked by paper chromatography in solvent (a).

The syrup (15gm.) was taken up in a minimum quentity of distilled
wvater and placed on a carbon-celite colum (70 x T.5 om, )41 =~ see Genersl
Procedure (V). |

The colurm was eluted progressively with increasing percentages of
aqueous ethanol, snd fractions (25u1l.) were collected and monitored
polavimetrically (2Dm, tube) end chromatographically in solvent (2).

Detalls of the separation are recorded in Table V.1, and histogram
V.23,

All syrups vwere subsequently refractionated by paper chromatography
in solvent (a) on Fo.17 Whatman papers. The separated suzars were
charcoaled from aguecus ethanol, filtered and freeze dried to white
powders.

Details are given in Table III.3,
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K

Tabls Vele Seprration ¢f oligoeescherides from
partially acid hydrolysed B-1299 S dextran

Frections Chromatographing ast | Weight
Elund {ezch 251, Component (in solvent (2)) (2me)
Pistdlled | 345260 1 Glucose | 4.8
6% aqueous '
ethanol 450-530 2 Isonaltose . | 0.75
8 Kojibiose
16% aqueous| 770-810 3 Isomsltotriose 0.65
ethanol
3 Isomeltotriosa
310-880 4 Isomnliotetraose 0.73%
4 Isomaliotetraose
880~950 5 Tasozmaltopentaoce 0.68
5 5 Izom:dtopenteoce
25% Bauesus | 9553080 6. sozeltoboxaose | 1,00
eihan 1 Isomaliohieptoose

(c) De*@rmination nf the daorees of pol ymorzqat1on of the elipsogscchorides
srtialliy hydvoiysed B=1299 8§ dextren

The experimental procedure is outiined in Genersl Procedure (X). The
re¢sults sre sunmurised in Table V.2,

Table Ve2s

Optical density (490m:)
Componant [~

Tnreduced. Reduced
2 0305 0,146 1.9
3 ¢,301 04357 2.7
4 0.297 - 0.223 4.0
5 08262 C.20T | 448
6 04295 0244 5.8
8 v‘l-ff-5 Q‘-EZS 201
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(a) “»+arn1n<t1~n of tha qr‘i"il rotationy of tie olisossecharides from
tha pert - _ ‘“““"Tx“ﬁ“‘

S dex wa;_;‘*

The experiment:l proeedure is outlined in Geners 1 Pmﬂeam:o (xi)e The

results are summerized in Table V.3,

Teble V,3.
: Concentration| Observed | Specifie rotation
Covpoment Etﬂ/lu‘ﬂ wl, | rotation 3gpugbg Ra light
Menossocharide 1 0572 + 0, TO0% | + 61° + 51,9
Dissccharide 2 1,115 + 1575 | + 142° + 120
Trigsccharide 3 0,550 + Ce910% | + 165"" + 141
Tetressochoride 4 | 0,673 +1.000° [+ 171e | + 156
Pentasaccharide § 0.658 + 1,220°% | + 186° + 158
Eerassccharide 6|  0.966 + 16400 | 4 200° | 4162

-s

HaJal:] @ —ocumcetnta

The sugar (50mg.) was mixed witn freshly fused sodium scetate (T5mz.)

and gently Leated wnden reflux with ecetle snhydrids (lml.) fof 1 hour,
The reaction mixtvre was poured eato cyusked ioe (S5nl.) end the solufion
penteeliced to pH 6.0 with s01lld sodium bicsrbonate. The precipitated
ccetate won filtered, weshed with dietilled watsr chexcosled from ethanol .
and eryetallised {rom aquetus ethancies NMpé, 135-141¢C undepressed by the
gathentiec Cerivative, Yield 15mg.

hydrolyced B-1299 5

(£) Incubation of tue citrosnocharides from pertislly by
Qextren with ¥, lilecinum deatreance

The experimental procedure is ocutlined in General Procedure (xiii).

Results ere listed in Table IIX.4.

Fallud 4‘5) ﬂtwtr"n

The

wve 13 outlined in Cenoxsl Procedure (xil)e

Tha exparimental pros
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results are summarized in Table V.5., and i1llustrated by the curves in
Fig. I1I.3. The calculated smounts of perlodate reduced and formic acid
libersted per mole of each membexr of the series of isomaltose homologues

are summarized in Table V.4.

Tzble V4.
Isomalteose Pariodate reduced Formlige acid liberated
homologue Moles/mole of sugar | Moles/mole of sugar
Isomeltose 6 5
Isomaltotriose 8 6
Isomaltotetraose 10 1
Isomaltopentaose 12 8
Isomaltohexaose 14 9
Expte 9 Partinl seetolysis experiments?

(a) Preliminary scetolysis. Dextran (150mz.) was treated with

acetic anhydride~concentrated sulphuric acid 100:9 volume/volume (1.2m1.)e
The acetolysis mixture, in & capped tube, was held at 35-37°C for 30 hours
with occasional sheking to_ quicken solution,

The resction mixture was poured onto erushed ice (20uls) and
neutralised (pH 6,0) with sodium bicerbonate. The precipitated acetates
were extracted with chloroform (3x50 ml.) end the chloroform extracts
washed with dilute sodium bicarbonate solution and f{distilled wvaters The
extracts vere dried over anhydrous sodium sulphate (24hr), filtered end
rotary evaporated, in vacuo, at 40°C to & syrup. The syxup was taken up
in dry methanol (10ml.), and deacetylated by addition of a small piece of

sodium metal, U5.
The deacetylating solution was left in the refrigeratoxr (24 hours),
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treated with distilled water (2ml.) and deionised with IR 120(H') and
IRA 400(0H") resins.

The deionised solution was concentrated in vacuo to a syrup end
subjected to paper chromatography in solvent (a)s  Chromatogroms vere
developed with spray reagents (a) and (c).

The remaining syrup was fractionated on a Whatmsn No,3 paper (solvent
(2)), and the separated sugars were eluted from the paper and subjected to
electrophoresis in borate and (after reduction) molybda.il;e electrolytes.

The resulta sre suﬁmeriﬁed. in Table II.5.

(b) Lerwe

gonle scetolyals of B-1299 5 dextran

B-1299 S dextran (30gu.) vas trested with acetle anhydride-concentrated
sulphuﬂo ecid 100:9 volume/volume (120mls)s The reaction mixture,in a
250ml.. flask,' wag placed in a water bath at 35°C for 32 hours.

For the first 12 hours the solution was stirred, under a mercury seal,
to quicken solution. The reaction mixture was poured onto erushed ice
(1 1itre) ard neutralised (pH 6.0) carefully with sodium bicarbonate. The
precipitated acetates were extracted with chloroform (4x500ml.) and the
chloroform extracts washed wivth saturated sodium bicsrbonate solution
(3x750m1,) and distilled water, |

The extracts were dried over auhydrous sodium sulphate (48 hrs),

filtered and evaporsted im vacuo to a syrup (50zm.)e

Deacetxlagion.ﬂs The syrupy scetates were dissolved in methanol (7COml.)
and deacetylated by adding clesn dry sodium mebel (lzm.)s The deacetylating
solution was left in the refrigerator (24hr), treated with distilled water
(150u1.) end defonised with IR 120 (u*) end IRA 400(0H ) resins,
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"~ The deionigzed ﬂclutiﬁn vay concentrated, in Jiacuo. to o syrup (15.52m)
which wves cxemined by puper ohromategrophy in solvent (), 0 ensure
corplete deacelbylation,

The eyrup (13.5gm.) vas taken up 4n a minimum quantity of distilled
water and placed on a carbon-celite colurm (70x7.50m.) = see General
Procedurs (V). '

The colum was eluted progressively with increasing percentages of
squecus ethanol. Fractions (25ml.) were collected smd mordtored both
polarimetrically (2 Diz, tuﬁe) and by ‘papez" chromatography in solvent (a).
Detalle of tﬁe :sepamﬁon ere recorded in Table V.6, and histogram
V.28, |

Table V6. Separation of oligosaccharides from
soetolysed Be1279 S dextren
. Fractions Chyomatograph Weight
Tuant {ench 25m1,) Component | _ o (solvent (=) {cme)
Disgtilled e
waber 140=2%0 1 Glucosne 5¢3
s aqueous
ethanol 500550 8 Eojibioze 343
64 agueous 2 Isoinzltoge
ethanol 550=650 8 Kojibviose 1.5
9 Bigerose
16 aqueous 3 Isoneltotriose
ethanol 2l ¥
32 - 1.0
25% aqueous | 10801250 23 -
ethanol ' 24 -

The syrups from dissccharide fraciion 550~050 snd the higher

oligosaccharides from fractions 10380 to 1250 were reseparated on Ko.J

Whatman papers (solvent (2))s Details sre given in Table 1II.6.
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(o) Fractionation of the hisnee oligosaschurides from scetolys
B-1299 § dextren

The mixed oliéoaacchérido syrup was streaked on a series of No.3

Vhatman papers (approximately 30mg. per paper) and electrophoretised in
godium borate éleetrolyte (pH 10) for 1.5 hours at 2,000 volts.

The seprruied componcrts werg leceted by 1m twe thin strips of
Noel Whatmen yapez" slong the wet slsctrophoretosran and takingg an
impression which was developed with spray reagent (a), The aréas
containing the compoinenis were eluted wiih distilled waler, and deionised
by shaking with IR 320(K%) resin end then eveporating with dry methanol.
bz soms decompzzition hed occurredy the sugars were refractionated on Noe3
Whatnan papers in solvent {(a), eluted, and concentrated to eyrups. |

(d) Erepaxrs

The svgew (20Cug.) wee miked with fra-;‘hly fuzed godium ecetsts (100mg.)
and heated under reflux on = water bath with acetic sahydvide (2ml.), for
2 hours. | '

Tue mixture was brougkt to reflux over z buneen for 1 minmute and
poured onto crushed ice (5:l.)s The solutien wes neutralised to pH 6.0
with #2144 sodium %siam’eém.te. The precipltsted scetrte waz filtered,
washed with dlotilled water, eheorcocled frow ethanel, end recorystallised
from equsous ethencl (twice)e Yi0ld Z0mz. Detaile of the physical
constents ave given in Tetle I1I.5.

(e) Dotorminetion of he derveos of volymerdanticn of the
oitronnceherides from acetolyred %1299 © dextren

The expurimental procedure ig outlined in General Procedure (x).

The remults rre minmrrized in Table V.7.



Teble VQ'IQ ‘

: Optieal density (490mu)
Component

Unzeduced Reduced
2 Ce 400 0,155 2.0
3 0.380 0,250 2.9
8 0.380 0,122 1.9
9 "~ 0e375 0.175 1.9
21 Oe220 Gel55 3G
22 0.410 0.310 | 4.}
23 UaTXO G.530 3.7
24 1.100 0.820 %

(&) Doterdnedicr ¢f $he optiest rotzticps of $he climarecheriden

Lron seotolysed Be1299 § dextrun

The experimentzl prossdure iz cutlined in Geacral Procedure (xi).

The zomults are summerized In Tsble Vil

PTeble Vel

Expte 10 Muclesr Mosmetia Hezoarsce (IMP) spectrn of the ¢extrens

Commonent Ceunentration | Otserved | Specifis rotation
Vioronascharide T 0.501 + 0,618% | + 60,49 + 51.3°
Disaccharide 8 0.T20 + 1.J16% | + )61® + 137°
Disocchoridés 9 0.62%0 4+ 0,80° |+ 127° + 108°

50

Befors introducing the dextran sample into the spsctroweter it was

treated with deuterium oxids to exchsnge the lshile protons of the

hydroxyl groups with deuterons.

The procedurc vsed wos es followss

181
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Dextran (epproximstely 80mg,) was dried over phosphorus pentaoxide
(50°C, in vacuo for 24 hours) and dissclved (or suspended) in deuterium
oxide (epproximately 3ml,) = warming if necessary.

The dexiran solution was sllowed to stand in a stoppered flask for
1 hour before freeze drying.

- The procedure was yepeated thrice wmore, Finally the deuterated
dextran was redissolved in deuterium oxide, introduced into a sparmple
tube end the spectrum recorded on a Varlan AGQ IL machine.

TS Telramethylsilane) was used as en external standard for all peak
assignments,

In this experiment the MR gpectra of the following dextrans were
recordeds NRRL B-512 (see Fig. II,5.), HRRL B-1299 L and KRRL B-1299 S
(see Fige I1.4.) and 4D=1299 S (an acid degraded dextren, see Fig. III.1l.).

Results are discussed in Sections II,E. and III,D(11).

Expt. 11 Periodats exidation of the Q‘extmnsl}
The dextran e B=1299 § (312mgz,) and B-1299 L (279mg.) = was dried over

phosphorus pentaoxide in vacuo a% 50°C for 48 hours, end dissolved (or
suspended) 4n distilled water (300m1,) in a 500mls volumetrio flask.

4 standard solution (100ml,) containing sodium metaperiodate (950mg.) =
pufficient to allow approximately 2.2 moles per enhydre glucose unit (AGU)
of the dextran - was added to the dextran solution, and the total volunme
wvas made to 500ml. A

A blank solution (250ml.), containing sodium meteperiodate (475mg.) was
8150 prepared.

The dextran was oxidized in the derk at room temperature, mand the
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periodate reduced end formic ecid relessed per AQU of dextran wers
nesgured at regulasr intervsls by ths game method eas that outlined in
General Procedure {xii) for the eligesaccharides.

The expervimentsal resulta - coxrseted for esh contenta of the
dextrans » ere sumcarised in Table V.9, and by Figure II.7.

Table Ve9s The resulte Zron cxidations of Ee1299
dextrans with podium metaperiodate

~ Periodate reduced. | Formic acid released.
Time moles pexr mole AGU | moles per mole AGU
(hours)
B-1299 & | B=1299 L | B=1299 S | B«1299 L
2.5C - 0.46 - G.10
5.00 0076 e 0.16 . -
8.00 1015 -~ 0026 -
10.00 - 0078 - 0‘27
14.00 1025 - 0c54 -
21,00 1,36 1.2% 0.39 051
3240 1.43 0.42
43,0 1.46 1.51 0.47 0.55
72.0 1.53 1.55 0.51 - 0.60
102.0 1.55 1.59 0.52 0.62
15C.0 1.6 1,60 Ce54 0.65
199.0 1.62 1,61 0.55 0.69

Expte 12 Frogmentation of the reduced, periodate oxidized dextrans |
(2) Prepsration of the polyslcohols of B-1299 dextrons |

The dextran (Sgm., dried over phosphorus pentaoxide in vacuo et

50°C foP 48 hours) was oxidized in 0.4% aqueous solution with sodium
metaperiodate in the dark at room temperaturae.

The course of the oxidation reaction was follewed by oxidizing
separately a smaller quantity (lgm.) of the dextran under identical

conditions.

Aliquots (1ml, and 2ml. respectively) were removed from this solution



end used to estimate the periodate reduced and formic acid liberated -
see General Procedure (xii). ,
The oiddation of Be1299 S dextran was stopped efter 7 days end
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B1299 L dextran after 16 days; when each dextran hed reduced the amounts

of periodate shown in Table V.10.
Table V.10.

Pericdate reduced. | Formie scid released.
Time moles pexr mole AGU | moles per mole AGU
(days)
BL1299 8 | 31259 L | B=1299 S | B=1299 L
1.50 l.44 1.31 ) 004? Gedld
5450 149 1.38 0.50 0,49
T.G3 1‘5 4 - Ce53 -
8.00 : 1.48 - 0.51
10025 - ‘ 1151 - 0-52
13.25 - . 1.54 hed 0.55
15000 - 1.56 - 0.54

The solution of pericdate oxidiced dextran (dextran polyaldehyde)
vas treeted with ethylene zlyool {20ml.) to destroy unrescted sodium

neteperiodete snd then &ialysed (3 éaya) agw‘.né"ﬁ vanning tep water,

Redugtion of the dextron polrsldehyds. Fodiua borobydride (4gm.) was
then edded to the dislysed colutlom, followed by Lorie aeid solution
(9.6gm. ¢f tha acid in 100ml.) to buffexr the reduction,

The soludion wes left (24 hours) et room torpersiure.

A further sddition (2gm.) of borcbydride was mede and the solution
left s further 12 hours %6 ensure complete raduction,

The dextran polyalcohol was then dialysed (5 deys) ageinst running
tap water, concenirated to ’ep:,vmx:imtaly 200ml. on & rotary evaporator

in vosug at 3090 and freeze dried to a whits eolld,



185.

Yields weres
. B=l299 8 dextran polysloohol 3.5zm.
B-1299 1L dextran polyalcohol T+ Tam.
(Ash contents were nezligible)

(b) Complete acid hydrolysis of the dextrsn polyalcoholg

The dextran polyalcohol (50mg.) was hydrolysed with ¥ sulphuric acid
(3ml,) 4n & sealed tube ploced in & water bath at 10020 for 7 hours, The
hydrolysate vwas neulrslised with excess Verium caxbonate and the insoluble
bardum egalds centrifuged down. The supernatant, with ethanolle washings
of the beriun pelts, was delonised with IR 120(5") and IRA 400(0H") resins.

The solution was concentrated to a syrup by rotary ovaporation, in
vacuo, at 30°¢ snd subjected to paﬁér chromatsgraphy 4in éalvents' (e) end
(a) and electfophorasis in borate élactrolyte. |

The results of these experiments are shown in Table IT.%.

(2) Determinatinn of tha ratio of slucoser slycollic sldehydet
Slyecersldensis ' :

(1) L2vcoze wes estinnted with the glucvze oxlfane reageat.

A _stordard greorh wes prepared with analer Deglucose az outlined

in expts T(e)s
(11) Qlyeollic glleimde erd glycercldctide were deternined by the

=l

eclortaoedrie retlod of Dicche and Dorenfroun

Clycolliv sliehyde resets with diprherylomlae o produce & deep green
colour, hoving en sbsorphion meximas a% €60 tpe At 660 my, the presence
of equal guentitles of glusose, glycer&l and glycereldehyde, couse a
conbined ervor ¢f rot more then 2«37, in cclorimeirie ectimations of -

glycnllis sldeliyde.
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Glyssrsidelyds also reacts with diphenylamine to produce a brown
colour with an abserption maximum at 510 mu, At this wavelength the
error in guanititaliva estimations of glyceraldshyle due to the presence
of equal quantities of zlucose and glycerol is not more than 2«37,
However, the erwor due to glysollie eldehyde, which elso hag & large
absorption at 510 mu, is considewable.

In this experiment tha arror dus %o glyeollia aldshrde sbsorption
at 510 mu was corrected as followss

The optieal dersities of ‘étanﬁard solutionn of glycollie aldehydas,
after reaction with dipuenylamine rongent, were determined st 660 and
510 mp and that of glycerzldehyde, after reasction with dirhenylamine
reazent, at 510 my,

Reference to the glycollic sldahyde atsndard graph at 660 my enabled
this eomponent to he estimated fn a mixture of dextrsn polyalcohol
hydrolyeis products, end also detormined the glycollic aldehyde ebeorption
et 510 my. ‘

Subtraction of the latter from the observed sbsorption at 510 mu
fixed the abscrption due to the glyceraldehyde which was then estimated
from the glyceraldehyde stendard graph.

Standard golutions (1l.5mle)

eontaining glycollie eldehyde (5 to 40 mg.) end a blank {distilled watex)
were treated with a solution {0.3ml.) of trichloreacetis acid (1lgm,/ml, of
totul solution) snd freshiy prepared 1% recrystellised diphenylamine in
glacial acetic acid (3.6al.). |

The tubes were well shaken and placed in & boiling water bath (30
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rdautos), occolsd, :nd the eptical densiiics messured ab £60 end 510 ap
with an 2ePe3C0 spectrophotomater,  The results were used to plot two
shandasd graphs,

Stunderd sclutions (1.5mle) cousaining glycamidehy«ie (50 to 300 mg.)
and o blani (dis8illsd water) wece trested with trichloroscetie scid
solubion {0.3ml,) and diphenyissine roageat (3.6ml.)s The tudes wera
shaken, placed ia a boilinz waiow bath (329 miautes), conled, and the
optical dengities peecured ot H10 rp. A stendord groph vwes then plotted.

(131) Fyvimlyais of dcwdrem privsicohole

e

The dextran polyelechols (100nmz.) were Fydrodsed with F-sulphucie
ceedd (Sml.) dn sealed tubse placed In & weier bath ot 10080 for 7 hours.
Tug hydrolysed motorinls were diluted guentitstively te 2%ud, (solv:tiozs, A).
Control solutions of glucoee, glvecllic sldehyde end glycerzldehyde
in Fesulphuric ecid (Grd.) vere incmbated zlongside the dextren pelyaleohols,
end later wned to epply correcticns Yer lezcesy resulting frun acid
degredation, during the hydrolyeis reaction,
(4v) Determinoydion of the peroontace decwedstion pf veollis sliehvde,

glycensldenyda epd ~ucogn

The ecid degraded glycollic s:‘;ﬁet;rcé control wos neutfalisad (38 7.0)
vith derivm esvborrte srd the dneslutle bBertun prlts centrifuged down,
Portione of the sunervetent (1.5wl.) were treuted sg doscribed eérlier
vith #irherylenive reepent, Undegreded écn‘cml solutions, 41luted to
the seme extent, were similerly‘tre-et@d .

Glyeellie sidehyde content of tﬁe sontersl 29 pz/mzl,

Glyeollie sldehyde content of the eefd .
Gegradsd oontzel 23 pg/ul.

Acié degrsdation 17.8%
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The wedd degruded glyvereldehyde cenixo)l was neutralised (pl 7.C)
with beriun cuxbuncte and the Lnueluble bowium selts wore centrifuged
Ceuns  Poriioue of the superneiant (l.50d.) vere treated, as described
eerlicr, with éipbenylenine reegonta

Unfegrefed cenizel selutions, €iluted i¢ the same ezient, weie
slailexly tresteds

Glycerrliehrie ::z:n*:em'c't:f the conlrel  IC0 pgfide

Tlyeereldekyds contont of 4o acid
degraded cuntrol 263 pg/ul.

Acid degradation 7.7%

Sh0 acld deograded ziusose son*rol was treated with Xesodium hydroxide
.(Sml.). AAli:;mts (1al.) were treated with glucose oxidese roagents ss
deseribed 47 exnt. 7{2). | |

L\nd g,mded eontzol pol ui;l.ma. d*lutad > {the same extant, were
mmln_ﬂly treste |

ESEL T T conﬁeﬁt ef tha goa wsai 1705 vgfle

finesse ganteald ol Yae fz.c:id )
degradsd eontrod) T2¢5 pa/ide

-

Aoid deéméa.tion Sa55%
(v) Pstimation of ths dyeellis a;:lghxdg g;_lg gly,gpra dehvde fro

“ut {nx"‘zfﬂq »01 rn'i nqh(\" ]

Pliquets {apmreximatszly 4rml,) were ravowed favn the hydrelysed
dextren polraleohol solnbleon A, neutrcllsed with berdiwn ccxbonate,
eartyifuzed, ond tha alees svpermatonts (2.5n1,) diloted o 15ml. with
digtilled wetdr,

Ater reseting with Alpkenylomine roagent the opticerl demwities of the
golutiona wepe Jetermined e C6) end 510 my es degcribed earlier, and the

Slyecellic aldehyds ond glycersldshyda estimstad.
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(vie) fgtdaciion of the slusuas foon 3y dexden milvolecanls

Aidlquobs (Tmis) ware resovsd from ths hydralysed dextran polyz=leshol
golatica &, wnd noutrallsed with 0.2N-godium hydroxids solutisa (5mule).
Gluovse was estlaaled as doaoridad din aipte 7(e)e

3

The raz.dta are alowa la Fadles Vell, and V.12,

Tabls V.1ll. Ralio of the fragrants fron 21229 L polzalsohel,

S Coneentration¥ (ug/ Holeguise | Moleculax
Fregment 1.5qL }in solution A welght xatia
Glyenllia akdahyds 2340 6G 0.49
Glyceraldchyde ezta2 o0 C;il2
Clucuse 9.2 180 UelY

Teble Val2, Rztio of +he frogrents frum P-12992 © polyaloohol

— Comgertrationt (vg/ ¥oleeuler | Molegulaw
I e 1e3mlein solusion A walgalb refio

Glyecllis aldehyda 234.0 60 0.56
Fiyecrildehyda 225.0 ) 0.36
(lucorne 271.5 120 00T

# goxreshed fox anid dogradation

A dwplicule estimatiocn, corried oud under siwilar conditions, gave

tue following wolar ratiog.

Glycollic aldehyds | Glyceraldehyde | Siluscss

B=1239 L polyalcobsl 0.4 Co32 SelS

B.1299 § volyeieobol Ca%6 Ce 30 UL 08
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The dextran polyalcohol (50mg.) was Lydrolysed with 0.2 sulphuric
zcid (S5ol.) in a capped tube at room temperature for 24 hours, The
hydrolysate was neutralised with excess barium carbonate and the insoluble
barium salts centrifuged down. |

The supernatant solution was delonised with IR 120(H") end IRA 400(0H™)
resins end was then concentrated to a syrup, by rotary evaporation at 30°C,

The syrup was subjected to pmper chrxomatography in solvent (c¢) and,
after elution from the chromatogram, to electrophoresis in sodium dborate
electrolyte.

The results are sumnarised in Table II.1l,

Expt, 13 Methyletion of the dextmng”

(a) Mothyletion procedures The methylations were conducted in the

apparstus 1llustrated in Fig. Vele. liquid ammonia from a storsge

cylinder was allowed to evaporate into container 4, where it was reliquified,
by external cooling to «78°C (ecetone~card ice bath), and dried by eddition
of emall pieces of sodium metal (indicated by a faint blue colbur)-

The dry liquid amrnonia, under pressure from the emmonia cylinder, was
passed into the unsilvered Dewsr vessel B, in which the methylation reactlon
took place at =34°C, (the boiling point of liquid ammonia)

Fxcept during addition of reagents the system was closed to the
atmosphere. The boiling liquid emmonia was conducted away to be
reliquified in the card ice-acetone trap C,

A weighed amount of dextran (dried over phosphorus pentoxide, in
vecuo, at 50°C) was suspended in liquid emmonia (100-150ml,) and stirred
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magneticallys A& ealoulated emount of sodium metal was added to convert
the dextran to its sodium derivatives To reduce the possibility of
degradation reaotions caused by lerge excess of sodium metal or sodamide
the following precautions were observed duwing these additions:

X. The presence of a large excess of sodium metal in the system was

evoided by sdding the total {calculated) amount of eodium in the form

of small pellets over a period of time,

I1, Free sodiuﬁ (indicated by a blue colour) was not ellowsd to

remain unrescted in the system for more than 1% minutea,‘su

reducing the xisk of sodamide formations

When the caleulated smount of sodium had reacted, or uptske of
sodium by the dextram had ceased, the reactlon was terminated by repid
eddition of acoloulated volume of redistilled methyl iodide (from a
plunger type pipette). ‘he addition of reagents took place over
approximately 1 to 2 hours, at the end of which the reaction mixture was
stirred for 6 hours, before the ammonis was allowed to évaporate aweys

The residue-wns suspended in distilled water and dialysed, initlally
against distilled water, (5 litres; 24 hours) thén against running tap
water (48 hours), before freeze dryingz to a white solid, Methoxyl
contents wvere determined by the method of Zeizel.119

The distilled water dislysate was deionised with IR 120(8") and IRA
400(0H") resins concentrsted, in vacuo‘, af 40°C, end examined by peper
chromatogrephy (solvent (e)) for emall degradation fragmenta.

(In the asbsence of these fraguents, this etep was omitted in later

methylations. )
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The regults of the methylatiovns are shown in Table V.13,

Chiloroform extraciicen, Fach methylated dextren wes extracted, by

shelidng at room tamperaturs with chloxefoxm (200ul.) end, efter evaporation
of tha cmamtgm, suspended in distlilled water snd freeze dried to a
widte molid. |
Detaila of the fractionation sre swwsyized in Tuble Vilde
Toble Yelle -

Numbez | ~oveEE of | ooiim Methyl 1o0dide |Product|
N dextran | " - %
Dextran of methvlsbed| €4 stoms| gne moles weight ocH
Trestments|” ("";" ) "l per AGU¥ per AGU® (2m.) 3
1l 13.00 2.0 2.2 1 - -
2 11.72 2.0 2.2 - - -
R.1299 8 z 11.05 2.0 2.2 - -
4 .6C 1.0 diel Sl [37.8
] 8.55 0.5 0.5% 8415 | 38,0
1l 8.21 2,0 2.2 L - -
- 2 7Q 5 1 2.0 262 - - -
B-1299 L\ 5 7.43 1.0 1.1 7435 [33.7
# AGU anhydro glucose unit
Table 7.14.
Methylated Methylated
Pu1299 5 dextran B1259 L dexiren
Veight (gme) | 5 GC3ls | Velght (gm.) | % OCH3
Matexial extracted 8.15 38;0 6.50 53.8
- Chloxrcform soluble 7.2:} 31-1.2* : 50‘15 4009*'
Chloraform inscluble 0+45 - 0,60 -

# Agh contentst methylated B~1299 S dextren (1.2%),
methyleted B-2299 L dexirsn (1.60%).
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(ts) Coprlete acid Pydrelyeis af the methylated dﬁfl’.trnrr564

The methylated dextren (30mg.) wes trested with 72% vol./vol. sulphuric
reid (C.fmd.) end lefs for 1 hour st room tenpersture dn a nealed tuba.
Dietilled water (4.0rl.) wae then rdded (giving an 87 vol,/vol, sulphuric
acid solufion) erd hydxolysis was eompleted by plecing the tube in a
vater heth et 100°C for 4 honras  The hydrolyasste wna neutrslised with
an exces? of beriunm carbonate, snd the Jrneeluble barium salts centrifuged
down,

The supernatent solution wes deicnised with IR 120(8") snd IRA 400(0H™)
reginz end retory evaporated, in wesuo, e3% 35°C to a syrup.

The cyrvp wes examined by papsr cluwmatogrephy $n solvent (o) wsing
gpray reagent {b) and, after seperation in the same solvent, by
eloctioophoxesia in borate muffer,

Tha results swe sumnarised 4n Table IT.12,

2f tha wothyleted dawinang

The methylsted dextran (30mg.) was refluzed for 24 hours in T,2%

(=) Motnonolrad

methernlic hydrogen chleride (10ml.), preparad by sdding acetyl chloride
(7ml.) ta coeled dry methencl {2771,).
C3,{00. 01 + CH 08 ——» cﬁg.’ca.omﬁ +
{oxcesa)

Tha solntiscn wes then aentraliged with excess silvar carbon:te,
filtered, and the filtratas evaporated to drymess a¥ 30°C, The reasidue
was extracted with chlocoform (10wl.) and tha extract rokary evaporated
to & syrup at 30°C, |

Tae eyrup was dissolved im modium dried ether (iml.) end examined by
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vapour phase chrommiography. Sawples were injected onto the followlng
eoluring s
Is Tutan 1-4 diol succinele polyesisx (175"0).61‘\

Il. Polyphenyl etier (m~bis [m-phemxyphemw]) benzene (230’”0).'61'}

The resulis are shown in Table Il.l4.

Fethylated F-1299 L dextran (4gu.) 2ad B-1299 § dextran (5.4zm.) were
hydrolysed as descridbed in expts 13(b)e Yields of suger eyrupe weret
3¢3 gmey from Lel2d$ L dextran

4¢5 EDey from B-1299 5 dextran

(¢) Determination of the rotis of the wethyl suzerd

(1) Eypoledite ozidaticn me'thogss‘
Freparstlon of s standsxd graph. Q.18 iodine solution (lul.) was

edded to standard suger solutions (5ml.} sach containing between 0,25 end
2.5ugs 0f letramo=melliyl glusosze, end & distilled water dlank, conleined
in stoppered tubcse

Solutions {2ml.) CezM with respect to both sodium hydrogen carbonate
a0d sodium carbonate (pE 10.6) wers sdded and, afier molstening the
stoppers with 207 potassiuvm iciide, the axida;tions allowed o proceed in
the dark et yroom tempevalure for 2.5 hours,

The potassium iodide on the stoppers wes washed inilo the reaciion
mixtures which were dliuted to ijmle. with distilled wailer and scidified
with 2N sulphuric ecide The contenis of the tubes wexe mlxed and
titrated sgainat O.ULN sodium thicaulphate, using sodlum stawch glycollate

a3 indicatlox.
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These results wera uxed to plot the gitandsrd grerh 1llustrated
in Fig’. Vede

Estimation ef 4he mothyl swesra.  The methyl sugax eyrup from expt.

7{a) (100ng.) was separeied on e No.3 Wiatmen paper in solvent (e).
Verticel parsllel rided etrips (2cme across) were cut from the
chromatogram end the areas cortalning the methyl glucoses esch separately
¢luted with dlstilled water (Sxle)s  Tievdk solutions (531.) were prepured
for ezch methyl gluconsz by eluting en identical area of Mo.J puper.

The sugors wore detecuined (ep totrasiemethyl glucose eguivalent)
by hypolodite oxidations The reaults ere sumusriged in Table V.15, end
V.16,

Teble Vol3. Eatic of the methyl giucoses from B«1299 S5

dextran
Methyl slucose Tetra Txd n Feno | Clucose
Eyrerizentsl titre ]
rol‘é’:{ tm@mpﬁ&’t# 1043 1.46 1027 C'.25 -
(ul.)
Tetramoemethyl
gluccse equivalent 1aT9 | 183 | 1659 | 033 -
(.m\?:n )
¥Moleowley woishte ) ‘
’ af the methyl 236 222 | 208 | 184 -
mgers
Molex ratio 1.00 | 1,08 | 101 | G.22 -
Molor percentaoges 20 %3 30 7 -
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Table Velb6s Ratio of the methyl glucoses fronm
B-1299 L dextran

Methyl glucoge Tetra| Tri| Di |lono | Glucose
Ixperimental titre
0:01Y thdiosulphate | 1,10 | 1,36 | 1.06 [ 0.21 -
(mi.)
Tetramo~methyl
glucose equivelent | 1,38 | 1.70 | 1.33 | 0.26 -
nge )
Molsx ratio 1.00 | 1.%0 | 1.09 | 0.22 -
Malexr parcentages 23 35 30 6 -

(i1) Meamurenant of pesk sreng

The seperations of the methyl glucoses (expte 13(f)) were followed
polarimetrically and are represented by the optical rotationsl curves in

Figure Vo5. The individual equilibrium opticzl rotationa of the
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seperated methyl migars varied by less than 107, which enabled a ratio for

the methyl glucoses to be caleulated from deterndnatlons of the ereas

mnder the pecks in Flgure Vebe

The resulits sve swmarized in Table ValT7es and V.18,



Table V.17«

B.1299 5 dextran

Ratio of tha xetlyl gluco aes from

29394

25446

Mathyl glucose Tetra i P bie 4
hrea TR | ada | 324 | 90 | 3702
Molagular weights
of the methyl 236 222 222 208
glucoses ' o
Molsy ratio 1.0 0.76 (.20 | C94
¥oler percentspes 34,0 264 72 323

Tatle Vel8. Ratio of ths methyl glucoses from
1‘3—1?99 T doxtran

lethyl glucose Tetra 2%,2;4 2%256 i
Area ggﬁjg)am’ 5004 | @007 | 25.0 | 53.0
I“’a;le?r ratio 1.C0 0486 0,53 | 1.17
Molar percentages 27.9 24.0 14.6 | 31.0
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tag, - l:v ;
(£) Pragtioretion of the susers from the pethylsted c’i.extrnnslolh-l}-

Premerntion of n ¢olinlosas enlvrn, FNo.ll Vhobman cellulose wag

slurried in scetons, and packed undexr preésure on a bed of glass wool
(3cm.) to give 8 80 x Scme column, |

| The eoiumn was wasghed with & mixtﬁré of redistilled nebutanclipetroleun
ether (bpt. 100-120°C) 3:7 volume/volume saturated with water.

The methyl glucoses from hydrolysed methyleted B-1299 L dextran (3.8zm.)
were epplied %o the eesllulose colum as a 4thick cyrupe.

The separation was followed polerimetrically (2dm. fube) and paper
chrométogmphitzally in solvent (e).

Components 16 (tetra-o-mettyl glucose), 17 (trimc-metlyl glucose) snd
18 (tri-o-msthyl glucose) were eluted from the column with n;mtanalz
petrolaum ether (bpt. L00=120°C) 317 volune/volume.

Component 19 (di~o-mathyl glucose) was eluted by changing the eluant
proportions to 4:6 volume/volume.

The syrupy hydrolysate from methylated De1269 § dextran (4.4gm.) was
seperated on a cellulose column inio components 16, 17, 18 and 19 by an
identical procedure.

Details of these separations ere given in Table IX,17. and 1llusirated
in Fig. V.5, |

(g) Charscterisation of comronent 16 from esch methylsted dextren

Fractions containing component 16 were combined and evaporsted to a
seml erystalline solid which chromatographed (solvent (e)) as tetrawo-methyl

glucose.

The crude materisl was wached with a little petroleum ether (bpt. £0-60°C).
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welghed, charcozled froem ethanol end recrystalllsed from ethanolepetrolsum
ether (bpt. 40-6(°C), The reerystellised raterial wes ezemined as followst
(1) vitn epray reagent (b) alter paper chwomatozraphy in solvent (&)
(11} the sugor (Smz.) was wethanolywed by refluxing in 4% methanolic
hydrogen chloride (10 hours) and the methyl glucoside was
subjected to vepour phase chromatogrechy on & butanel~de-dicl
succinate polyester (175"0)"613 - eoluin I
(211) the optical rotation of the sugnx was determined in distilled
wvater with 2 codium polerimeter (1dm. tube, £1lling en
spproximately 0.Tml.)

1he results were:

: : Concentration Chserved Specifiec
Componant 16 & /1001l zotation rotation
From B-1299 L dextren 0.204 0.201%, 0.171° | 4992, +83°
Trom P=1299 S dextran 0,212 0,208% 0.175° | 4982, +83°

(1v) the melting point, rnd mixzed melting point with suthentiec
2,3;4,6 triegemethyl sincose, was determined

(v) & sarple (5mze) wae sent for irdependent methoxyl content
determinntion.

The yield and phycical constsnte of component 16 from each methylated

doxtren are ghown in Takle IT.17.
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() Cherncteriastion of eorponsnt 17 from esch methylsted devtren

Fractions conteining component 17 were combined and evaperated to a
syTups which chrometographed (solvent (e)) 2s 2,3,4«tri-o-methyl glucose.
The erude material wag taken up in ethanol charcocaled, rewevaporated end
welighed es & syrupe The syrup wes examined as followss

(1) wita spray reagent (b) sfter paper chrometography in solvent (e)

(11) the sugar (5mz.) was methanolysed end subjected to vapour phase

chromatography (see expt. 13(2))
(1i1) the syrup from methylated B~1299 & dextran was converted into
the Nephenyl glucosylamine (‘anilide')'4 derivative.

Syrup 17 (80mz.) was treated with redistilled aniline (55mg.) end
refluxed In sbsolute ethanol (lul.) for 4.5 hours on a watexr bath, The
reaction mixture wes cooled ernd concentrated ty rotary evaporztion, in
vacuo, at 30°C to en off white solid, The crude 'anilide' was charcoaled
from a lsrze excess of ether end recrystallised (twice) from ether¥petroleum
ether (bpte 40°C)s Tield 122g. The physical properties of the fenilide!
gra shown in Table II.17.

The yield end physieel consiants of component 17 from ezch methylated
dextran are shown in Table II.17.

(1) Chorseterdisation of eomponent 18 from esch methylated dextran

Fractions containing eomponent 18 were combined and evaporated to a
pemd erystalline solid which chromatographed (solvent (e)) as 2,4,6 tri-o=-
methyl glucoses The crude meterial was washed with a little petroleum
ether (bpte 60-80°C), weighed, chorcoaled from ethanol, and reorystallised

from ethanolipetroleum ether (bpte 40-60°C)s The recrystallised material
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vas examined ss followet
(1) with spray resgent (b) after paper chromatography im solvent (e)
(i1) the sugar (Smz.) wos methanolysed and subjected to vepour phase
chromatography (see expt. 13(g))
(1i1) the optical rotation of the suger was determined in methenol
(see expte 15(g)).

The results were!

Component 16 Conceniration (bsexrved Specific

gn./100m1 rotation rotation
From P-1299 L dextran|  1.025 | 1.01%, 0,7459| 4982, +73°
From B-1299 5 dextran| 0,616 0. T75%. 0,607 | 4955 4740

(iv) the melting point, and mixed melting point with suthentic 2,4,6
trieo=nethyl glucose, wes determired.
(v) & somple (5mg.) wass sent for independent methoxyl content
determinations
The yield erd phyeical constants of ccmponent 18 from each methylated
dextran sre shown in Table II.17.

(3) Cuarastorigstion of ecorponent 19 from eoch retkylated dextran

Fractions contnining component 19 were gombined and eveporated to a
geni crysfalline solid which clromatographed (solvent (e)) &s a dieo-methyl
glucose and in borete elcetrophoresisg migrated as 344 dieo-methyl glucose
slthough traces of both 2,35 diec-methyl end 2,4 di-oemethyl glucose

eppeared to be present,
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The crude matericl wos washed with a little petrdeum ether (bpt.
60=80°C), weirhed, eharcosled from nepropanol end recrystallised from
ethyl acetates The recrystallised material was exsmined ss follows:

(1) with sprey reagent (b) after psper chrometography in solvent (e)

(i1) the sugor (5mg.) was rethenolysed and subjected to vapour phase
chromatography (see expt. 13(2))

(111) the optical rotstion of the suger wes determined in distilled
water (see expte. 13{(z2)).

The results were:

Concentration Observed Specific
Component 13 . /100m1 rotetion | rotstion
From 1299 L dextran 0.991 1.076° 0.,7%5° | 4108° +74°
From B=1299 S dextran 0999 0. 735¢ +T4°

(iv) a semple (5mg.) was ment for independent determinztion of the
pethoxyl content
(v) the melting point wes determined
(vi) the sugar from methylaoted B«1299 S dextran wes converted into the
F-phenyl glycosylamine ('anilide') derivative, 2 |
Component 19 (5Cmg.) was treated with redistilled aniline (32mg.) end
refluxed in ebsolute etkanol (lrl.) on a water bath for 4 hours. Ethenol
(10ml.) was edded to the reaction mixture which was eharcosled, filtered

and concentrated by rotary evaporation in vecuo et 30°C,.
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The orule material wes recrystalllsed (twice) from a mixture of
n-butenol tn-heptane, Vicld l0mg. The plhysical constants of the 'wnilide!
gppesr in Toble I1.17.

The yield end physical constente of component 19 from each methylated
dextren sre shovm in Toble II.17.

Expte 14 PFrzyris devrcdction of the B~1299 8 dextran

(2) Eroseryetion of thre Penicillium 1il.cinum
of tha dextyrmnese

rould and

(1) Preseryntion of moulds

The mould Penicilldum Jilocinmum was oblalned Ifrom the Commonwesalth

Vycological Inatitute, Kew. The mould was preserved on egar slepss of

the following compositions

. Sodiun nitrste 2.0 gneflitre
Potassium dihydrogen phosphate 1.0
Magnesium sulphate Y 0.8
Potassium chloxride 0.5
Ferroug sulphate, hepta hydrate  0.0L
Sucrose _ 30,0
Agar Powder 20.0

At 0°C, vizbility of the moulds could be maintalned for 4 months,

before subculturing, on this medium.

(11) Precaration of

bgor stabs of the P._Jilacirvm mould were innocculated into a sterile

medium (10ml.) containing

1% S. Doviz dextran
1.5% Yeast extract (Marmite Ceg)

and swirled at 25-29°C.
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After suboulturing § times et 3 day intervals through 10ml. of the
medium the mycelis were introduced into € conical flasks eech containing
200mle of the medium, These flasks were swirled for 7 days at 25-29°C,
The culture medium (cooled to 0°C) was filtered under reduced pressure
through glass wool to remove wmost of the mycelis, end the filtrate
centrifuged (3,000 r.peme., 15 rinutes) et 0°C. The eupernatant 1iquor
(1.1 1itres) was mode 5 m.molar with respect to sodium citrete (adjusted
to pH 6.0 with citric scid), dialysed against 4 x 6 litres of citrate
voffer (5 memolar, pi 6.0) et C°C end stored in tae refrigerator at Q°0
for usc. - | |

(b) Preszration of 8. Fovis dextren’>

The dextran yroducing orpunisn Strevtococrus Povis stredn 1 waas

ebtalned from the I-?a‘tioml Dairy Centre, Shinfield, Rezdinge The organism,
from & freeze dried state, was subouliur=d (fwice) through glucese media,
before inmoccwleting & sucroze brothe. The compositions ¢f these mediz are
given under General Frocedure (ix)d.

After Incubation for 3 days at 33°C the J. Jovly dextrun was extracted
from the ¢:dvure Livid end purified, by the methods described for the water
goluble B=1299 8 dextron (expte 2 end 3). The average yield from 1 litre
of medium wea 4.2gme of dextranuy esh content 0.197%

13

(¢) Pericdoto oxtdation of the £, Tovie devcbrin

8, Bovis dextran (310mgs), dried over phospuorua pentaoxide, in
vacuo, for 43 hours at 50°C, was digsolved in dlstilled water (300ml.) in

a 500ule volumetric flask,
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A standerd solution (100ml.), containing sodium metaperiodate (950mg.),
vas added to the dextran solution, and the total volume was made to 500ml.

A blank solution (250ml,) containing sodium metaperiodate (475mg.)
was 8lso prepared. " The dextren was oxidized in the dark et room
temperature, and the periodate reduced and formie ecid liberated per AGU
wvere measured at regular iﬁtemals « gee General Procedure (xii).

The experimentél results = corrected for ash content of the dextran =
are surmarized in Table V.19. and Figurs V.7.

Table V.19. The results from oxidations of £, Povis
dextran with sodium metaperdiodate

Time Periodate reduceds | Formis acid releasedt
{hours) | moles per mole AGU | moles per mole AGU
4,00 1,17 0.36
10.00 1.41 0.51
19.50 1.61 0.69
49.50 1.86 0.90
75450 1.92 0.96
98450 1.94 0,97
154.50 1.95 0.97

Aftor extrapolating the curves in Figure V.7. back to zero time
(zee page 32) the corrected figures weret |
periodate reduced 1.90 moles per AGU
formie scid liberated 0.95 molems per AGU
Applying the equations in Table 1I,7, thls indicated that the 5, Povis
dextran contained 95% 16 and 5% 1+3 links.
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(d) ™e standard dextren/dextrsnase digest contained dextran (Smg.)

in 0.2¥ sodium eitrate (pH 5.0, 2ml,) and dextransse solution (2ml,) which
were incubated under toluene (iml.) for 48 hours et 37°C.

(e) Determination of the sctivity of P. 1ilscimm dextrmnose

'i'suchiya,sg defined dextransse activity in terms of the ‘dextranase
unit®s One 'dextranzse undt' is the amount of enzyme which will liberate
1mg. equivalent of iaofnaltosa monohydrate in 1 bour, at 40°C from a
guitable substrate. ‘

S, Bovis dextran (50mg.) 4n distilled water (lml,) was buffered with
0.2M sodium citrate, pH 5.0 (2ml.) and treated with 0.05ml, of dextranase
preparation diluted to lml, with distilled water. An ldenticsl solution
was also prepared in which the dextranase had been inactivated by bolling
for 1 minute.' | |

The stlutions were incubated in capped tubea for 2 hours at 39°C., An
aliguot (iml,) was removed from esch solution end the reducing sugars
estimated (28 fsomaltose) by the Nelson=Somogzyl method, 119
A standerd graph for this determination was prepared as followss
Three sfandard reagents were first made uy.

I, Arsenomnlvhiate rearert, Ammonium molybdate (25gm.) wes dissolved

in water (450ml.) and concentrated sulphurie acid (2lml,) added
vith etirring, Sodium arsenate heptalydrate (3gm.) was dissolved
in distilled vater (25ml,) end edded to the molybdate solution,
The resulting solution was left for 2 days at 37°C and then stored
&t 0°C in a brown bottle.
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Copner rescsanty J -

II. Rochelle s21% (15gm.) and anhydrous sedium cerbonate (30zm.)
were discolved ia distilled water (Z00ml.), and godium bicarbunate
(20gm,.) then added. The sclution was cooled end combinsd with a
solution (500ml.) containing enhydrous sodium sulphate (18Cgm.).
The resulting colutlon wes diluted 4o 1 litre with dictilled water.
IIX. Ceyper sulphete pontahydrate (Sgn.) sod snbydrous sodiua sulphate
(45en.) vere dissolved in distilled water (250ml.).

Just before use solution II (4 perts) was combined with eolution IIX
(1 paxt)s

Standard suger solutions (lml.) containing fisousltose (20 to 200 pg.)
end a distilled water blank wore pipetied into pyrex tubes (1.3 x 10om.)
end trected with copper rezgeat (Liul.)s The tubes were cepped with glass
bulbas end heated cn a boiling water bath (30 win.) cooled end arsenoe
molybdate reaszent (lml.) sdded.

The solutions were mixed (by inversion) diluted to éml. with distilled
water and the optical density measured et 520 mu. with an S,P.500
spectrophotometer, |

Regultge the optical density of {he sciution from the dextransse
digest was equivalent to that from e solution contsining 105 pge. of

isomaltose per ml, This was equivalent to

-3 ‘
- leg 363: 4x 2 mg. equivalent of

isomaltose per wl, of dextranass soluticn or 0.12 ‘dextranase units' per

mle of dextranase solution,
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(£) Actd d2rmadotion of the mative B-1299 § dexiren

Matsuda®? dotermined thas, when hydrolysed with lesulpauric scid at
90°C, the percentaga degradation of the oK «(1-+2) glucosidie link of

kojibiose was as Inllowg.

TIME (min.) | Degradation (%)
30 50
£0 €5
20 78
120 | 88
150 93
180 s 93
210 (100)

These figures were taken as en spproximate gulde for the acid hydrolysis

of the € «(1-»2) links in B~1299 § dextran.

B-1299 S dextran (15gm.) was dissolved in warm distilled water (300ml.)
end incubated (in a sealed flask) in a thermostated bath at 90°C (% 39¢).
Siesulphurie ecid (75ml.) was incubated in & similar memner, When the
two solationg had attained 90°C they were cuickly combined, mixed and
returned to the bath.

Aliquots (25ml.) were removed frem the hydrolysis reaction after
30, 60, 904 120, 150, 180, 210, 240 and 270 minutes. The aligucts were
neutralised with baxrium oarbonate, and the insoluble barium ealts
centrifuged down. The empernatant solution was passed through a Ko.42
Whatmans' filter, and dlalysed (48 hrs) sgainst running tap water. The
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dialysed solution was concentrated, by rotary evsporation, in vacuo,

at 40°C end freeze dried to a white solid. The weights of the freeze

dried degraded dextran mppear in Fig. V.6, Iach degraded dextran (Smg.) was
incubated with dextransse (expt, 14(d)) snd, after deionisation, was
subjected to peper chromatogrephy in solvent (b)s The results are
discussed on page 106 «

(11) Izroe ronle seid hydwolysle, Bel299 S dextran (200g1,) was

dimgolved in warm distilled water (4 litres) and incubated at 90°C, in a
thermostated bath, Si-sulphurie scid (1 litre) was incubated 4in a
pimilar mennor. The two solutions were then combined, to give a 4%
solution of dextran in N sulphuric acid, mixed and reincubated at 90°C
for 1.75 bhourss The hydrolysate was neutralised with excess barium
6arbonate. contrifuged snd filtered. —The filtrate was dialysed against
distilled water (10 litres), which was concentrated down to vield glucose
plus isomsliodextrins (35gm.), then dislysed (3 days) against running tap
water, The dialysed solution was concentrated in vacuo at 40°C, end the

: dextran
scid degraded/freeze dried to a white s01id (552m.). Ash content 0.00%.

(2) Periodote oxidstion of the seid desraded AD-1299 S dextran13

=

AD=1299 § dextran (308mg.) dried over phosphorus pentaoxids,in vacuo,
at 50°C for 48 hours, was dissolved in distilled water (BGOml.} in a 500ml.
volumetlrie {lask.

A standard solution (100ml.), conteiming sodium metaperiodate (940mg.),

was ndded to the dextren solution snd the total volume was mede %0 500mle
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A blenk solution (250ml.) containing sodium metsperiodate (470mg.)
was also prepared. . The dextran was oxidized in the dark at room
temperature, snd the periodate reduced and formic acid liberated per AGU
were measured at regular intervels ~ see General Procedure (xii).

The experimental resulis are summarized in Teble V.20, and Figure V.7.

Table V.20, The results of oxidations of AD=1299 S
dextran with sodium metaperiodate

Time Feriodate reducedt | Formio acid releaseds

(hours) | moles per mole AGU | moles per mole AGU
3.00 1.17 0.46
9.00 1.55 0465
19.50 1,70 0,79
48.50 1.86 0.92
7350 1.94 0.94
100,00 1.95 0.97
i 133.0 1,98 0.98

(k) Liberation of reducing suzars from the meid desrsded AD-1299 S

dextren by the ection of P, 1ilscinum dextranase

(1) fualitative exveriment, The AD-1299 S dextrsn (Smg.) was

incubated in a standerd digest (expt. 14(d))s The products were _
subjected to ohromatogrephy in solvent (b).

(41) cuentitative experiment, The AD~1299 S dextran (50mg.) = dried
over phosphéms pentsoxide at 50°C, in vacuo, for 3 days « was dissolved
in distilled water (lml.), buffered with 0.2 citrate buffer (pH 5.0, 2ml,)
and treated with P, lilscinum dextranase exiract (0.05ml. = made to 1ml,
with d1stilled water). An identical blenk solution was prepared in which
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FIGURE V.4, THE PERIODATE OXIPATIONS OF TWO DEXTRANS.
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the enzyme was inactivated by boiling for 1 minute.
The digestw were incubated im capped tubes, at 39°C, v
At intervals aliquots (0.021!11.) were removed and the reducing sugars
estimated, as isomsltose equivalent, by the method of Helson-SomgyJ.lm
(see experiment 14(e)).
The results sxe shown in Table V.2l. end illustrated by Figure III.ll.
Table V.21,

Time Igomaltoze Izomal tosze
(hours) | equivalent 1iberated
(pg./ml.) | mg./100 mg, dextren
0.00 43.3 17.3
1.50 5045 20,2
5400 £3.5 21.4
11.5%0 60.0 24.0
27,00 71.0 28,4
5250 78.0 3l.2
93,00 82.9 ‘ 3340
120.00 83.0 34,0

(1) Lece scole dextramase

reed of the AD-1299 S dextran

AD=1299 S dextran (50gm.) was dissolved in sodium citrate buffer 0-21
(3 5.0 500ml.) and treated with P, 11lscinum dextrenase solution (500ml.).
The digest was incubated, under toluene, at 37°C fox 6 days,

The solution was deionised with IR 120(E") and IRA 400(CH") reeins,

concentrated to 50ml. and placed on s carbonecelite colurm (70x7.5cm.)e

The eolunn wos eluted wlth increasing percentages of agueous ethanol, Due
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%o overloading, sugar separztions were poore Tha colurm was therefore
washed with 357 aqueous ethanol (to reusve sugars of D.P. 2 to 9) and

the washings combined and concentrated to a syrupe  This syrup was
placed on a second carvon column (73x7.5em.) which was eluted with aqueous
ethanclic solutions; The geparation was followed polarimetrically

(2Dms iube) and by psper chromatography in wolvent {b). Tetalls of the
separstion ere recorded in Table V,22,

Hote, V Invretrospest 8 bétter vork up of the digest at this stage
would probably heve been initisl deionisation, dislysis (to remove sugers
of D,P. { 9) and carbon column sépération of the sugars in the dialysete,

The syrups from fractioms 510-565 (each 25ml.) were streeked on
washed No.17 Whatzsn papers and refractionated in solvent (b). The
oligosaccharides were charcoaled from aqueous ethanol, filtered, and freeze
dried to vhite solids. Yields were: componcot 25 (1,lgme), component 26

(1.6gm,) and compcnent 27 (0.€0zm,. ).
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Tnble V.22. Sepayation of oligosacchoridses from
enzymicelly degraded AD-1299 8 dextran

" Fractions v . Chromatographing Weight
Hlusn® {esch 25ul.) Comporent asi{in soivent (0)) | (ame)
m:zfg}jfd 160-220 1 Glucose 0.6
6";:%‘:2;“ 255285 2 lscusltose 4e7
€4 coneous i 2 Iscmaltose
ethanol 285 55G 3 Isomeltotriose 55
€% aqueocus
ethannl %30 2 : Isomsltons 7.1
=510 2 Isomeltotrioss °
16% aqueous
ethenol
16% aqueous 3 Taomal totrioss
ethanol 510= 25 - 4.2
565 26 - *
2 -
20% aqueous 565= 25 -
ethanol 645 27 - 3¢5
23 -
207 aqueous A
ethancl furiher &7 -
l 10 litres 28 - 8.0 !
of 9 -
25% agueous eluant
ethanol

Expte 19. Chersctericotion ¢f the eclicospeechrrides from enwv:ir'pl“y
deorrded ADL1209 8 deviren

(2) Detexmination of the dearees of polymerisation of the oligesaccharides
from £D=1299 § Gestzan

The experimentel proceduve is outlined in General Prosedure {x). The

rosults are summarized in Table V.23,
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Table V.23

: Optical deneity (490 mu.)
Component
‘ Unreduced | Reduced
0,800 | 0.400 2,0
3/21 0.580 e 380 2.9
26 0.500 | 0.400 5.0
27 Ge590 0.430 5.9

(v) Determinntion of the opricsl rotation of the oligsossecharides
Lyom AQ-1209 & drxtren

The experimental procedure ie cutlined in Generzl Procsdure {xi).
The results eve shown in Table V.24.

Takle V.24,

Concentration | Observeq | Svecifie rotation
Component g1, /100 ml. |rotation
A * Hg light | Na 1light
Pisaccharide 2 0.T44 +1.05¢ +141° +1209
Tetrasaccharide 25 0.620 +1.149 +184° +157°
Pentasaecharide 26 0. 700 +1.39° +1989 +1699
Yexasaccharide 27 0.687 +1,389 +201° +171°

(c) Eeriodais oxidation of tha olisosncehrrides from AD=1299 S dextran

The sxparimentsl proceduve is outlined in Genersl Procedure (xii).
1he resulis are summarized in Table V.25, and 3llustrated by the curves in
Fig. I1T.14.

; (38) Dextizl scetolysis of the olisossccharides from AD-1299 S dextran

The oligosaccharide (approximately 90mg.) was treated with an acetolysis
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mixture (3ml.) consisting of acetic anhydride: concentrated sulphurie
acid, 10019 volums/velume, -

After warming to complete molution, the sugsr solution was cooled
and incubated st 35°C for 2 hours in a water bath,

The acetolysis reaction mixturs was then poured onto ¢rushed ice
(1oml.) and neutralised with scdium bicarbonate (pH 6.,0). The precipitsted
acetates were extracied with chloroform (4x10ml.), and the extracts washed
with dilute sodium bicarbonate solution and then distilled water.

The chloroform extracts were dried over anhydrous sodium sulphate
{24 bours), filtered and concentrated, in vacuo, at 40°C ¢o & syrup. The
syrup was taken up in dry methsnol (15ml.) end deacetylated by addition of
s small piece of sodium metal (24.hou1~s, in the refrigerator). The
descetylated sugars were delonised with IR 120(H") and IRA 400(0H™) reeins
end were subjected to paper chromatography in solvent (b). The sugars
were then separated in sclvent (b) on & No.3 Whatmen paper, eluted from
the peper with distilled water, and subjected to electrophoresis in borate
and {after reduction) molybdate electrolytess Chromatograms and
electrophoretograms vere developed with spray resgent (a).

(e) Incubstion of the oligosacchrrides from AD-1299 S dextran with
P, tilscinum dextrenase

The experimental procedure is outlined in Genersl Procedure (xiii).
(£) Portisl scid hydrelyris of the olioossecharides from AD-1299 S

Gexbren

The 6ligosaccharide (approximately 50mgz.) wes heated for 2.5 hours, in
a capped tube, et 70°C with N-sulphuric ecid (4ml.).
The hydrolysate was neutralised with excess barium ¢arbonate and
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the insoluble barium salts centrifuged off, The svpernatant solution
vas deionised with IR 120(H") end Ina 400(0H") resins, evaporated to a

syrup and gubjected %0 paper chrometogrephy in solvent (b)e The
chromatograns were deveioped with sprey roagent (a).l

The degradation products from components 26 and 27 were, in addition,
fractionated on a Whatman No.3 papex in solvent (b), and the pentasaccharide
end tetrasaccheride frastions from component &7 and the tetrasaccharide
fraction from component 26 were eluted frow the papers.

Thege fractions were inoubated, together with isomaltotetracse and
isomal topentacse s‘.:andard#,with dextrémsa ~ 53 General Procedure (xiii).
The results are discussed im Section IITI.D(iii).

(g) Fetnmdstion of the olicosacchorides from fD=1299 8 dextran’’? 4

The cligoseccharide (approximately 12mg.) wes dissolved in N,¥ dimethyl

formsmide (redistilled from caleium oxides 1.5ul.) and treated with dry
gilver oxide (lgm.) end redistilled methyl icdide (3ml.). The methylation
mixture was shaken &t roow temperature (24 hours) in a darkened, sealed
flaslk.

The inscoluble silver salts were then filtered off, washed with
chloxroform end the filtrate and washiﬁgs cbncsntrate&., by rotary
evaporaticn, 12 vecuo &% 40°C,  The soncentrated solution wus retreated
vith dry eilver exids (lgram) end redistilled methyl iodide (3ml.) and
shekea (24 hours) at room terperature in the derk. The insoluble salts
vere again removed Yy filtration end the filirate and washdngs concentrated,
in vsouo, at 40°C end then placed on & high vecuun line at 30°C to remove

the last traces of dimethyl formamide.



223

The syrupy residue was dissolved in methyl iodide (5ml.), dry silver
oxide zdded (0.5gm.) end the mixture refluxed on a water bath for 6 hours.

The insoluble material was filtered off and the filtrste and washings
were concentrated to & syrup (in vacuo at 40°C) which was methanolysed
(5 hours) with 4% methanolic h.ydrogén‘chlomda (4u1.) = see expte 13(c).

The solution wan neutralised with silver oarbonate, filtered, end the
filtrate cancentrated. in vacwo, &t 30°C to a syrup.

The syrup was taken up in sodium dried ether (linl.) end examined by
véfpcur phase chromatogrephy. Samples (0.6ul.) were injeected onto the
following columnst | |

I. Butan-l,4-diol succinate polyester st 17500'61)

11, Polyphenyl ether (m-bis[m-phenoxy phenoxy]) benzene et 200°c{61w‘

The retention times (RT qps), and probsble identities of the methyl
glucosides found in the methanolysates of methylated components 25, 26 and
27 are chown in Tables V27, V.28, and V,29. respectively.

The retention times of some stendard methyl zlucosides, chromatographed

on ¢olumns I end II, are included in Table V.26.



Table V.26, Retention times of some standard
o=methyl, methyl glucosides

oemethyl, methyl | Retention time (RT )
glucoside Colum I Colum II

2,3,4,6 tetra 1,00 | 1.43 | 1,00 | 1.32
2,3,4 tri 2,50 | 3.52 | 1.35 | 1.83
39406 tri 2.95 | 3.50 | 1.73 | 2.28
504 41 - - 2.43 -

Table V.27. Retention times of the degradation products
from the methanolysed methylated component 25

Retention tiﬁm (BT anqe) Tdentity*
Column T Column IX
1,00L | 1.43L [ 1,005 | 1,331 2,39446 tetra
2,50 L | 3.50L [1.33L | 1.83 % 2,3,4 tri
2,93 M | 3.50 L | 1.70 3,446 tri

Sh| 2,30 M

4.40 7T - -

-

Under methylation?

» of the =o-methyl, methyl glucoside

EZY for Tables V.2Tes V428, end V.29,

©m
vaa, < % o

troce

lergs pesk
medium peak
emall peak
ghouldex

R2L



Table V.28.

Retention timez of the degradation produots

from the methunclysed methylated component 26

Hetention time (BY gyp) Taentity®
Colwm £ |  Column II | |
1.00L | 143 L | 2.00L | 133 L 2,3,446 tetra
2.53 L | 3.50 L | 1.33 1 1.83 L 2,;,4 | i
2,935 | 350 L | 170 | 2308 | 3,46 trt
4,50 T - - - Under methylation?

* of the =o-methyl, metihyl glveoside

Table V.29, Retention times of the degradation products
from the methanolysed methylated component 27

. . Retention time (BT qmmug)

Tdentity*
Colum I Columm II | '
1.00L | 1435 |1,00L | 1.33L |  2,3,4,6 totra
2,53 L | 3.55L |1.33L | 1.83 L 2,3,4 tri
- 353 L - 2,34 8 324¢6 tri
- - 2.34 8 - 34 @&
4507 | = - - Under methylation?

# of the «o-mathyl,; methyl glucoeside

R25.
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