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Review

Leuconostoc dextransucrase and dextran:
production, properties and applications
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Laboratory of Industrial Microbiology and Biocatalysis, Department of Biochemical and Microbial Technology, Faculty of Bioscience
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Abstract: This review covers the production, properties and applications of the biopolysaccharide dextran;
this biopolymer can be produced via fermentation either with Leuconostoc mesenteroides strains and
other lactic acid bacteria or with certain Gluconobacter oxydans strains. The former strains convert
sucrose into dextran with the dextransucrase enzyme whereas the latter convert maltodextrins into
dextran with the dextran dextrinase enzyme. Emphasis is mainly focused on Leuconostoc strains as
producer organisms of dextransucrase and dextran types. In addition to industrial fermentation processes
producing the enzymes and/or the dextrans, biocatalysis principles are also being developed, whereby
enzyme preparations convert sucrose or maltodextrins, respectively, into (oligo)dextrans. The chemical
and physical properties of different dextrans are discussed in detail, together with the characteristics
and molecular mode of action of dextransucrase. Subsequently, useful applications of dextran and some
problems associated with undesirable formation of dextran are outlined.
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INTRODUCTION

The name ‘dextran’ was first used by Scheibler! in
1874 when he found that the mysterious thickening
of cane and beet sugar juices was caused by a
carbohydrate of empirical formula (C¢H1¢Og) having
a positive optical rotation.! Previously, in 1861,
Pasteur? had shown that these slimes were caused
by microbial action? and van Tieghem? named the
causative bacterium Leuconostoc mesenteroides.®> Later
investigators showed that dextran can be formed by
several bacterial species and that it is not a well defined
substance with specific properties.

Dextrans are now defined as homopolysaccharides
of glucose that feature a substantial number of
consecutive «(1,6)-linkages in their major chains,
usually more than 50% of the total linkages. These a-
D-glucans also possess side-chains, stemming mainly
from «(1,3)- and occasionally from «(1,4)- or «(1,2)-
branched linkages. The exact structure of each
type of dextran depends on its specific producing
microbial strain? and hence on the specific type of
dextransucrase(s) involved.

DEXTRANSUCRASE (DSase)

General

The great majority of dextrans in nature are syn-
thesised from sucrose by dextransucrase enzymes,

secreted mainly by Leuconostoc, Streptococcus and Lac-
tobacillus species.’® Dextrans can also be synthesised
from maltodextrins by dextran dextrinase activity of
certain Gluconobacter strains'®!! and the chemical syn-
thesis of an essentially unbranched dextran has also
been reported.>? Leuconostoc mesenteroides NRRL B-
512F dextransucrase has received most attention and
the resulting dextran is produced commercially.!3~16
This dextransucrase is secreted in relatively large
amounts into the culture supernatant with a mini-
mum number and quantity of related contaminating
enzymes and it forms a high molecular weight, sol-
uble dextran. This may be contrasted with other
strains of L mesenteroides and with the dental-plaque
streptococci, which form both soluble and insoluble
dextrans and elaborate more than one type of dex-
transucrase, together with relatively large levels of
related, contaminating enzymes such as invertase and
levansucrase.” 1317 For these reasons, L mesenteroides
NRRL B-512F has served as an important model in
studying the structure of dextran and the mechanism
of dextran biosynthesis by dextransucrase.*

Purification and characteristics of
dextransucrase

Dextransucrase (EC 2.4.1.5) is an extracellular gluco-
syltransferase (GTF), which catalyses the transfer of
D-glucopyranosyl residues from sucrose to dextran,
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while fructose is released.*® Whereas Streprococcus
species produce this enzyme constitutively, dextransu-
crase synthesis in wild-type strains of L mesenteroides
is usually induced by growth on sucrose.* Recently,
Quirasco er al'® demonstrated low dextransucrase
yields in L mesenteroides NRRL B-512F cultures grow-
ing on D-glucose or D-fructose. Also, constitutive
mutants have been selected.!~?2 Numerous studies
have been devoted to the purification and character-
isation of dextransucrase of L mesenteroides NRRL
B-512F.1523-25 The enzyme was shown to occur
in multiple molecular forms as a result of enzyme
aggregation!'>2%27 and is typically associated with its
polysaccharide product, making purification rather
difficult. Miller ez al** succeeded in circumventing the
problems of low enzyme yield and dextran contamina-
tion by purifying dextransucrase with a combination
of dextranase treatment and ion-exchange and affinity
chromatography.

The enzyme appears to have an initial molecular
mass of 170kDa, a pl value of 4.1 and a
Michaelis—Menten constant (K,) for sucrose of
~12-16 mM. The purified dextransucrase has a pH
optimum of 5.0—-5.5 and a temperature optimum of
30 °C. Low levels of calcium are necessary for optimal
enzyme production and activity.!> Some authors
have reported dextransucrase activation by dextran
addition,2%27 whereas others did not?* find this effect.
According to Robyt et al,?® dextransucrase contains an
allosteric site to which dextran binds, thereby inducing
a favourable conformation for the synthesis of dextran
from sucrose.

Mode of action mechanisms of dextransucrase
Mechanistic studies have shown that B-512F dextran,
which is synthesised from sucrose by dextransucrase,
is formed via glucosyl intermediates. The glucosyl
moieties are then transferred to the reducing end of a
growing glucanosyl chain, which is covalently linked
to the active site of the enzyme. The mechanism
proposed by Robyt and others for the synthesis of a
sequence of a(1,6)-linked glucose residues in B-512F
dextran involves two nucleophiles at the active site,
which attack sucrose and displace fructose to give two
B-glucosyl intermediates®®-3° (Fig 1).

Pulse and chase studies with !*C-labelled sucrose
have indicated that dextrans from both L mesenteroides
NRRL B-512F and Streprococcus mutans 6715 were
synthesized by addition of glucose to the reducing end
of the growing dextran chain and that the mechanism
of chain elongation involves two-site insertion.?!=33
Recent data point towards a differing mode of action,*
though the mechanism involved could be strain depen-
dent (see Section ‘Structure—function relationship of
dextransucrase and related glucansucrases’).

According to Robyt and Eklund,?*3° the C-6 OH
group of one of the glucosyl residues attacks C-
1 of the other to form an «(1,6)-linkage and one
glucosyl residue is transferred to the other. The freed
nucleophile attacks another sucrose molecule forming
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O :sucrose; O~ CH, ~OH : glucose; <] : fructose;
~-O-O-: two a(1,8) linked glucose residues

Figure 1. Mechanism proposed for the synthesis of «(1,6)-glucan by
B-512F dextransucrase. Xy and X, represent nucleophiles at the
active site.®

a new enzyme glucosyl intermediate. The C-6 OH
group of this new glucosyl intermediate attacks C-1
of the isomaltosyl unit (the growing dextran chain),
which is actually transferred to the glucosyl residue.
The glucosyl and dextranosyl units are alternately
transferred between the two nucleophiles as the
dextran chain is elongated at the reducing end. The
elongation is terminated and the chain is released
by acceptor reactions, one of which may be with an
exogenous dextran chain to give a branch linkage.®2°

An additional requirement for the reaction to take
place is the transfer of a hydrogen ion to the displaced
fructosyl moiety of sucrose. Chemical modification of
dextransucrase showed that two imidazolium groups
of histidine were essential for dextran synthesis. It was
postulated that these two imidazolium groups donate
their hydrogen ions to the leaving fructose units (Fig 2)
and that the resulting imidazole group, in a second
step, becomes reprotonated by abstracting a proton
from the attacking C-6 OH group of the glucosyl-
enzyme intermediate, facilitating the nucleophilic
attack and the formation of the «(1,6)-linkage.>°

The introduction of other sugars besides sucrose
(such as maltose) in the dextransucrase digests leads
to the synthesis of oligosaccharides at the expense of
high molecular weight dextrans. The glucosyl residue
from sucrose is diverted from the synthesis of dextran
and is transferred to a free hydroxyl group of those
sugars that were called acceptors.’*3®> Many sugars
act as acceptors and various authors have classified
them according to their capacity to divert glucosyl
residues from dextran to form oligosaccharides and
to their effect on the rate of reaction.3*3° Among all
acceptors tested, maltose and isomaltose have been
demonstrated to be the most effective.>>3® Because
of its high acceptor efficiency and its availability,
maltose has been the most widely used acceptor for the
synthesis of oligosaccharides by dextransucrase.*0~42
Some acceptor products can, in turn, be used
as acceptors and a series of homologues acceptor
products may result.>*3%4> For example, a series of
62-isomaltodextrinosyl maltoses result when maltose is
the acceptor.?” With other acceptors, the first product
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Figure 2. Mechanism for the cleavage of sucrose and the formation of an «(1,6)-glycosidic bond by dextransucrase. Reaction 1: nucleophilic
displacement and protonation of the fructose moiety to form a glucosyl-enzyme intermediate. Reaction 2: formation of an «(1,6)-glycosidic bond by
attack of a C-6 hydroxyl group on to the C-1 of the glucosyl-enzyme complex; the attack is facilitated by abstraction of a proton from the hydroxyl

group by the imidazole group.®

may be a poor acceptor or a non-acceptor and no
series is obtained, as in the case of fructose as an
acceptor where the unusual disaccharide leucrose («-
D-glucopyranosyl-(1,5)-D-fructose) is the product.

Mechanistic studies have indicated that the accep-
tor interacts with the covalent enzyme-glucosyl or
enzyme-dextranosyl intermediates to release the glu-
cose or dextran chain from the enzyme-active site, with
the formation of a covalent linkage between glucose or
dextran and the acceptor. When the acceptor displaces
the dextran from the active site, the polymerisation of
the dextran chain is terminated (Fig 3).2?:3> Numerous
workers have examined the complex acceptor kinetics
to obtain quantitative information on oligosaccharide
yield, composition and distribution.?3:36:38,39.42.44 Gey._
eral authors have examined the use of such acceptor
reactions to produce directly clinically sized dex-
tran, which is momentarily produced by controlled
acid hydrolysis of native dextran, followed by organic
solvent fractionation.?33%44-46 Kim and Day?*® have
developed yet another method to produce clinical
dextran. The new process involves a mixed culture of
Lipomyces starkeyt, a yeast which produces dextranase,
in combination with L mesenteroides. Clinical dextran
could be prepared with good productivity by con-
trolling the growth of both microorganisms and the
enzyme reaction conditions.

When a high molecular weight dextran chain is the
acceptor, a C-3 OH of the dextran acceptor chain
attacks the C-1 of the glucosyl or dextranosyl units of
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Figure 3. Mechanism of acceptor reactions for B-512F dextran
sucrase. A carbohydrate such as isomaltose displaces the glucosyl
unit attached to the active site of the enzyme to form a trisaccharide,
isomaltotriose (A), and the glucanosyl unit to form isomaltose-
reducing end-terminated glucan (B).*’

the enzyme complex to release glucose or dextran
and form a branch linkage between the acceptor
dextran and the glucose or dextran chain from the
enzyme (Fig4).8%” This has thrown doubt upon
earlier assumptions that secondary linkages in dextrans
were formed through the action of a separate branching
enzyme.’ Indeed, it has recently been shown at the
molecular level that the formation of @ (1,2)-branched
linkages are due to a second catalytic domain on one
dextransucrase enzyme.*84°
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Figure 4. Mechanism for forming branch linkages in dextran. An
exogenous dextran chain displaces the glucosyl unit forming an
«(1,3)-glucosyl dextran (A) or displaces the dextranosy! unit forming
an «(1,3)-dextranosyl dextran (B).8

Bozonnet et al*® and Fabre er al*® reported on
the L mesenteroides NRRL B-1299 dextransucrase
gene, dsrE, which they isolated, sequenced and
cloned in Escherichia coli; the recombinant enzyme
was shown to be an original glucansucrase which
catalyses the synthesis of «(1,6)- and «(1,2)-linkages.
The nucleotide sequence of the dsrE gene consists
of an open reading frame of 8508 bp coding
for a 2835 amino acid protein with a molecular
mass of 313267 Da. This is twice the average
mass of the glucosyltransferases (GTFs) known so
far, which is consistent with the presence of an
additional catalytic domain located at the carboxy
terminus of the protein and of a central glucan-
binding domain (GBD), which is also significantly
longer than in other glucansucrases.’® From sequence
analysis, DSR-E was classified in the glucoside-
hydrolase family 70, where it is the only enzyme
to have two catalytic domains, CD1 and CD2. The
recombinant protein DSR-E synthesizes both «(1,6)-
and «(1,2)-glucosidic linkages in transglucosylation
reactions using sucrose as the donor and maltose as
the acceptor. To investigate the specific roles of CD1
and CD?2 in the catalytic mechanism, truncated forms
of dsrE were cloned and expressed in E coli. Gene
products were then small-scale purified to isolate
the various corresponding enzymes. Dextran and
oligosaccharide syntheses were performed. Structural
characterisation by 12C NMR spectroscopy and/or
high-performance liquid chromatography (HPLC)
showed that enzymes devoid of CD2 synthesised
products containing only «(1,6)-linkages. On the
other hand, enzymes devoid of CD1 modified «(1,6)
linear oligosaccharides and dextran acceptors through
the formation of «(1,2)-linkages. Therefore, each
domain is highly regiospecific, CD1 being specific
for the synthesis of «(1,6)-glucosidic bonds and CD2
only catalysing the formation of «(1,2)-linkages. This
recent finding elucidates the mechanism of «(1,2)
branching formation and allows one to engineer a
novel transglucosidase specific for the formation of
«(1,2)-linkages. This enzyme can be very useful
to control the rate of «a(l,2)-linkage synthesis in
tailor-made dextran or oligosaccharide production.®®
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Structure-function relationship of
dextransucrase and related glucansucrases

Over 30 sucrose glycosyltransferase genes (from
Leuconostoc sp., Streptococcus sp., etc) have now
been sequenced and their catalytic sites have been
identified by comparison with the enzymes from
family 13 of the glycoside-hydrolases (the a-amylase
family). Both families share related mechanistic and
structural characteristics.’®>! These results allowed
dextransucrase to be classified in the glycoside-
hydrolase (GH) family 70.5%>2 Only one catalytic site
has been identified in all dextransucrases of known
sequences, except for the dextransucrase (DSR-E)
from L mesenteroides NRRL B-1299, which is the
one—in addition to «(1,6)-linkages—forming o« (1,2)-
linkages, rather than «(1,3)- or «(1,4)-linkages.

These recent data weaken the above-mentioned
general mode of action mechanism proposed earlier
for dextransucrase.?%-3°

Devulapalle and co-workers®!->> have identified the
catalytic triad involved in the formation of the glucosyl-
enzyme complex as two aspartic acids and one glu-
tamic acid residue. One of the aspartic acids is involved
in the formation of the covalent intermediate.>*>> The
mechanistic role of these residues has been confirmed
by site-directed mutagenesis.’!->> The acid—base cata-
lyst which donates its proton is a glutamic acid residue;
conserved histidine in the active site is proposed to sta-
bilize the glucosyl-enzyme complex, but not to act as
a nucleophile.

Also, in the case of DSR-E, Fabre er al*® recently
clearly showed that truncated enzymes with only
one active site are totally active in producing either
only «(1,6)-linkages or only «(1,2)-linkages. In this
context, several authors have suggested that another
mode of synthesis involving only one catalytic site
could operate®®>%55 and that elongation could also
occur from the non-reducing end. Such a mechanism
has recently been demonstrated at the molecular level
for amylosucrase from Neisseria polysaccharea; this is
a GTF that uses sucrose to produce mainly a linear
polymer, composed of «(1,4)-glucopyranosyl residues,
similar to amylose.’®

Substrate specificity of dextransucrase
Dextran cannot be produced by dextransucrase from
glucose, mixtures of glucose and fructose or any
other naturally occurring sugar; sucrose is absolutely
required.®

The relatively high energy (16.7—20.9kJmol™!)
of the acetal-ketal linkage joining the glucose and
fructose moieties of sucrose is utilised by the
enzyme to synthesise the o(1,6)-linkages of the
main chain (Fig2). No ATP or cofactors are
required.* Although sucrose is the only naturally
occurring substrate, a-D-glucopyranosyl fluoride and
p-nitrophenyl-a-D-glycopyranoside are also substrates
for glucansucrases, although at rates much lower than
that for sucrose.?
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APPLICATIONS OF DEXTRANSUCRASE
Industrial production of dextran

To date, commercial dextran production is mainly
accomplished by growing cultures of L mesenteroides
in media containing sucrose, an organic source of
nitrogen such as peptone, growth factors, certain trace
minerals and phosphate. The bacterium is facultatively
anaerobic or microaerophilic and fermentations are
not aerated. Operative production factors include
initial pH (typically 6.7-7.2), temperature (about
25 °C), initial sucrose concentration (usually 2%) and
fermentation time (usually 24-48h).* Little further
process control takes place. During the first 20h of
fermentation, the culture pH falls to ~5.0 because
of the formation of organic acids, favourably near
the optimal pH of dextransucrase. Dextran branching
appears to increase at elevated temperatures.’’
Dextran is harvested from the fermentation medium
by alcohol precipitation and purified by further
precipitation after redissolution in water. Cell debris is
removed by centrifugation. This conventional process
has the disadvantage of propagating cells, producing
the enzyme and synthesising dextran under a single
set of conditions that change during the course of
the fermentation and, therefore, are only transitorily
optimal for any one of the three stages.!¢

It has long been recognised that dextran could
also be produced enzymatically using cell-free culture
supernatants that contain dextransucrase. This allows
dextran synthesis under controlled conditions and
yields a purer polymer.'® Conditions in the enzymic
method are more constant and easier to control than in
the whole-culture method; furthermore, the product
is more uniform and easier to purify.?

The enzyme-producing fermentations were
optimised by improving the different culture
characteristics.”® The optimal pH for enzyme
production was 6.5-7.0, whereas the optimal pH
for enzyme activity was 5.0—5.2. Fermentations
needed to be carried out at 23°C.!° Higher yields
of dextransucrase were obtained by control of the
sucrose level in the fermentation broth around
0.5-1.0%. It was shown that dextran synthesis follows
Michaelis—Menten kinetics up to 200 mM sucrose.
At higher sucrose concentrations (>200mM), it has
been proposed that sucrose binds at a low-affinity,
third sucrose binding site that allosterically changes
the conformation of the active site of dextransucrase
in such a way as to prevent the interaction of the
two glucosyl groups to give dextran elongation.>®
L mesenteroides requires the growth factors nicotinic
acid, thiamine, panthothenic acid and biotin, together
with the amino acids valine and glutamic acid.®®
Robyt and Walseth!® reported that the production
of dextransucrase was increased twofold by the
addition of 0.005% calcium chloride; treatment of L
mesenteroides cells with the mutagen nitrosoguanidine,
resulted in the selection of a mutant (designated B-
512FM) which produced 300 times more enzyme
than the parent strain.>” Dextransucrase has also been

F Chem Technol Biotechnol 80:845—-860 (2005)
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immobilised, although this approach may be most
useful for production of oligosaccharides.®!%3

Since sucrose has to be used as an inducer for
enzyme synthesis, simultaneous production of dextran
and dextransucrase inevitably occurs. This causes a
viscous culture and the formation of a complex of
dextran with the enzyme has often interfered with
the isolation and purification of dextransucrase.”>* In
this context, constitutive mutants able to produce
the enzyme in the absence of sucrose have been
selected. Mutagenesis of cells of L mesenteroides
B-512F resulted in constitutive mutants capable
of producing dextransucrase in media containing
sugars other than sucrose, such as glucose, fructose
and maltose, without the simultaneous synthesis of
dextran.!°~2! Enzymatic synthesis offers advantages
of product molecular weight and quality control, and
also the benefit of obtaining fructose as a valuable
co-product. However, this approach has been largely
ignored for commercial production, presumably for
economic reasons.*

Synthesis of oligosaccharides
Oligosaccharides are now being used in foods as
a source of energy, as a nutriceutical or as a
sweetener. However, knowledge related to their
informative biological function and their role in
cell-surface interactions is increasing rapidly and
is greatly stimulating the field of glycotechnology.>®
In addition to their traditional use, oligosaccharides
find more and more novel applications in the
food, feed, pharmaceutical or cosmetic sectors as
stabilisers, bulking agents, immunostimulating agents
and prebiotic compounds able to stimulate the
growth of beneficial bacteria of the intestinal or skin
microflora.>0-64

The primary physiological function of dextransu-
crase consists of synthesising high molecular weight
dextran. However, the enzymatic activity can be redi-
rected from glucan synthesis towards oligosaccharide
synthesis when an efficient acceptor is added to the
reaction mixture.?’ A large variety of glucansucrases,
which synthesise different types of osidic bonds, are
now available for oligosaccharide synthesis.5>

The glucooligosaccharides (GOS) produced by the
action of dextransucrase from L mesenteroides NRRL
B-512F on maltose and sucrose are composed of
a maltose residue located at the reducing end and
additional glucosyl residues, all «(1,6)-linked.>>%

When dextransucrase from L mesenteroides NRRL B-
1299 was used as a catalyst with maltose as acceptor,
it was possible to obtain GOS which present one
or more D-glucosyl units linked via «(1,2)-osidic
bonds.*1:42:64.66 Qligosaccharides containing o(1,2)-
linked residues are highly resistant to the attack of
digestive enzymes; hence they are used as prebiotics in
cosmetic and human nutritional applications.>°

Remaud ez al%” investigated the acceptor reactions
catalysed by dextransucrase from L mesenteroides
NRRL B-742. They found that 19% of the acceptor
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products, isolated from the linear oligosaccharides
using a glucanase treatment, contained «(1,3)-branch
linkages.

STRUCTURE OF Leuconostoc mesenteroides
DEXTRAN

General

The particular dextrans which were used initially
in synthetic blood plasma substitutes came into
their role more through force of circumstances
than through known superiority for the purpose.
When the clinical use of dextran was initiated in
Sweden in 1944, only a small number of dextran
types had been reported and not all of these
had been well characterised chemically.* It was
certain however, that these dextrans were homologous
polymers of glucose with predominantly «(1,6)-
linkages. Numerous factors appeared to influence the
properties and the amount of microbially produced
dextran. Previously reported dextrans had varied in
solubility, viscosity, specific rotation and content of
nitrogen, phosphorus and ash.%® This evidence of
the variations among dextrans indicated the need for
systematic chemical and physical studies to determine
the range of diversity of the dextran polysaccharides
from different microorganisms.!>

Heterogeneity in dextran preparations

In 1954, Jeanes er al'®> characterised and classified
dextrans from 96 bacterial strains and established that
the chemical and physical properties of dextrans vary
greatly according to the bacterial strain from which
they were derived. These 96 strains belonged to five
genera, then named Acetobacter, Leuconostoc, Strepto-
coccus, Betabacterium and Streprobacterium. All except
two of these strains produced their dextrans from
sucrose. Two Acetobacter strains (now Gluconobacter
oxydans) transformed amylaceous dextrin into dextran
(see Section ‘Dextrans synthesised by Gluconobacter
dextran dextrinase (DDase)’).

The sucrose-derived dextrans were characterised
through determination of the chemical nature and
proportion of glucosidic linkages present by periodate
oxidation, through measurement of specific rotation,
viscosity and infrared absorption and through obser-
vations on the solubility and the physical appearance
of the highly hydrated gums and of their aque-
ous solutions.

One constant feature of all the dextrans was
their structural component, which appeared to be
almost exclusively the anhydroglucopyranose unit of
« configuration. The other chemical and the physical
characteristics of the dextrans covered wide ranges
of values. The «(1,6)-glucosidic linkages constituted
from 50 to 97% of the total linkages. As determined
by periodate oxidation analysis, the non-a(1,6)-
linkages were of two types, the «a(1,4)-like and the
«(1,3)-like. The intrinsic viscosity, solubility and
nature of the dextran-precipitates gave continuous
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spectra of values. According to Wilham ez al,%°

three types of heterogeneity appeared to occur in
dextran preparations. These types were designated
(a) gross heterogeneity of the culture, due to the
presence of polysaccharides insoluble in the culture
medium or precipitated at alcohol concentrations
below or above the range for dextran (35-65%),
(b) size heterogeneity, due to the broad distribution
of molecular sizes, and (c) structural heterogeneity,
due to the presence of different kinds and proportions
of glucosidic linkages. It was pointed out by Wilham
et al®® that the requirements for any specific use may
be more adequately provided by one particular dextran
than by another. It became apparent, therefore, that
further commercial utilisation of dextrans must be
based on the inherent chemical and physical properties
of individual dextrans.

Determination of structural features of dextran
Types of linkages

The initial procedures developed in 1954 by Jeanes
et al®® based on optical rotation, infrared spectra
and periodate-oxidation reactions were suited for
preliminary examination of dextran structures, but
precluded obtaining fully reliable data.

The types and configurations of the linkages in
a large number of dextrans have been determined
by characterising disaccharide fragments obtained by
acid hydrolysis and acetolysis of dextrans. Partial
acid hydrolysates of dextrans invariably contain
the disaccharide isomaltose (a-D-Glcp-(1,6)-D-GIc).
In addition, traces of kojibiose (a-D-Glcp-(1,2)-
D-GIc), nigerose (x¢-D-Glcp-(1,3)-D-Glc) and maltose
(a-D-Glcp-(1,4)-D-Glc) have been found in acid
hydrolysates of some highly branched dextrans.”

The failure to isolate secondary-linked disaccha-
rides from the acid hydrolysates of most dex-
trans was attributed to the fact that secondary
D-glucopyranosidic linkages are inherently more acid
labile than (1,6)-D-glucosidic linkages.

The order of stability to acid hydrolysis of
D-glucopyranosidic linkages is reversed under the
conditions of acetolysis. As a consequence, acetolytic,
degradative procedures have enabled secondary-linked
disaccharide fragments to be obtained from a large
number of native dextrans.’

Jeanes ez al® also developed a method for analysing
the types and proportions of the D-glucopyranosidic
linkages in native dextrans from the amounts of
periodate ion reduced and formic acid produced
during the periodate oxidation. However, the fact that
certain, differently linked, D-glucopyranosyl residues
can only be determined collectively (because they react
with equal amounts of periodate ion) limits the use of
this method.

Methylation analysis is widely used to determine the
position of linkages between component monosaccha-
ride residues in oligo- and polysaccharides.”® This is
usually achieved by treating the carbohydrates with
methylsulfinyl carbanion to form polyalkoxide ions,

F Chem Technol Biotechnol 80:845—-860 (2005)



followed by methylation with methyl iodide. The
methylated carbohydrates are then hydrolysed and
the partially methylated monosaccharides reduced
and acetylated. The resulting alditol acetates of
methylated sugars are separated by gas chromatog-
raphy and identified by their retention times and
mass spectra.’® Using this methodology, Lindberg
and Svensson'* analysed dextran from L mesen-
teroides NRRL B-512F. They obtained mixtures of
2,3,4,6-tetra-O-methyl-, 2,3,4-tri-O-methyl and 2,4-
di-O-methyl-D-glucose. The presence of other tri-
and di-O-methyl-D-glucoses could not be established,
demonstrating that all main chain residues were (1,6)-
linked and that all branches started from 3-positions.

Methylation analysis on dextran, produced by Glu-
conobacter oxydans grown on maltodextrins, demon-
strated the presence of (1,6)- and (1,4)-linkages with
(1,4,6)-branching points.”!

Sawai er al’? used isomaltodextranase from Arthro-
bacter globiformis T6 for the hydrolysis of 14 native
dextrans. Paper chromatography of the dextran
digests revealed that this dextranase produced, in
addition to isomaltose, one or two trisaccharides
(isomaltose residues substituted by (1,2)-, (1,3)- or
(1,4)-a-D-glucopyranosyl groups at the non-reducing
D-glucopyranosyl residues). The relative amounts of
these trisaccharide products appeared to indicate the
approximate relative amounts of a particular linkage
among the dextrans or the relative amounts of two
kinds of linkages of each dextran.

Dextran structures have often been elucidated by
use of degradative enzymes of known specificity,
followed by oligosaccharide identification by means
of thin-layer chromatography, HPLC or '*C NMR
spectroscopy. 18:37:63.66.73.74

Frequency and distribution of branching

Covacevich and Richards” used an endodextranase
from Pseudomonas UQM 733 to study the distribution
of branch points in dextran from L mesenteroides NRRL
B-512F. The specificity of the enzyme was such
that, for effective action, it required more than five
successive «(1,6)-linked glucopyranosyl units without
branch points. Unfortunately, it was then not possible
to reach any exact conclusion about the distribution of
branches, but certain general comments concerning
the regularity and concentration of branch points
could be made with this method. In the meantime,
chromatographic systems have been described for the
analysis of carbohydrates in dextran hydrolysates and
for distinction of different oligosaccharides’®.

Length of branches

Indications of the lengths of the branch chains in
native dextrans stemmed initially from the results
of statistical analysis of fragments of low molecular
weight, obtained from acid hydrolysates of dextrans.”
More specific information concerning the lengths
of the branches in several dextrans has also been
obtained by sequential degradation of fragments from
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dextrans that had been catalytically oxidised or p-
toluenesulfonylated.””

Lindberg and Svensson!? studied the length of
branches in dextran by catalytic oxidation of the
polysaccharides to carboxydextrans, followed by
partial acid hydrolysis, isolation and characterisation
of the aldobiouronic acids formed. The fact that the
rate of acid hydrolysis of methyl o-D-glucopyranoside
was drastically lowered when the hydroxymethyl
group on C-5 is replaced by a carboxyl group
prompted the suggestion that it might be possible
to stabilise structural segments in a dextran with
respect to acid hydrolysis by catalytically oxidising
the hydroxymethyl groups in the dextran to carboxyl
groups and then identify them by characterising the
acidic oligosaccharides obtained on hydrolysing the
oxidised dextran with acid.”

Other studies on dextran side-chains relied on the
separation of enzymic degradation products by paper
chromatography or, when improved resolution was
required, by HPLC."®

Kobayashi and Matsuda’® demonstrated that the
glucoamylase from Rhizopus niveus can be used to
remove D-glucose residues from the non-reducing ends
of dextran, its action being stopped at the branch
points, thus giving information on the side-chain
length.

Degree of polymerisation

Manners ez al®® described a method which is suitable
for the routine estimation of the polymerisation degree
(DP,) of polymers of D-glucose. After reduction
with borohydride, the glucan is hydrolysed with acid
and the amount of sorbitol produced is estimated
by an enzyme-catalysed oxidation reaction. Sorbitol
dehydrogenase catalyses the following reversible
reaction:

sorbitol + NAD" —— D-fructose + NADH + H*

At pH values in the range 9.0—10.0 and in the presence
of excess NAD™, the oxidation of sorbitol is effectively
quantitative; the reduction of NAD' may be followed
by measurement of the extinction at 340 nm.

The D-glucose content of the hydrolysate is
determined by a reductometric method or by use of
D-glucose oxidase and the DP,, is then calculated from
the relative amount of D-sorbitol:

mol glucose 4+ mol sorbitol

DP, = -
mol sorbitol
The acid hydrolysate of the borohydride-reduced
polysaccharide could also be treated with chloro-
methylsilane and the trimethylsilyl (TMS) derivatives
of the reducing sugars and alditols could be separated
and estimated by gas—liquid chromatography.”*8°

Molecular weight distribution
The following parameters need to be defined to
characterise a heterogeneous or polydisperse dextran:
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the weight-average molecular weight, M,,, represents
an average in which each polymer molecule present is
weighed according to its weight fraction.?! or

ZN,’M,‘Z ZwiMi
B ZNiMi B Z’w,’

where w; = weight fraction, N; = number of molecules
of mass M; and M; = molecular mass. The number-
average molecular weight, M,,, represents the ratio of
the total weight of all molecules in a sample to the
total number of molecules in the sample,?! or

Z N;M;
_ 42 X

where N; = number of molecules of mass M; and
M; = molecular mass.

For a polydisperse system, My, is always higher than
M, and the ratio My,/M,, known as the polydispersity,
is a measure of the range of the molecular weight
distribution. Alsop ez al®? have reviewed the methods
for determining the molecular weight and molecular
weight distribution of dextran.

Light scattering, ultracentrifugation and small-
angle neutron scattering are methods that can be
used for measuring M,,. M, can be determined by
membrane osmometry or on the basis of colligative
properties. A more frequently used method for
the determination of M, is that of ‘end group’
or functional group analysis. In this method, the
reducing groups present in dextran (it is assumed with
reasonable confidence that each dextran molecule is
terminated by a reducing aldehyde group) are caused
to react with a reagent and the product is estimated
spectrophotometrically.

Molecular weights can also be determined by
viscometry. This is a simple, rapid technique requiring
inexpensive equipment. It is not an absolute method,
however. Careful correlation procedures are necessary
so that viscosity can be related mathematically to
the molecular weight of dextrans determined by
other methods.?>-8 The methods described so far
give only average molecular weights of the whole
sample and therefore give only limited information
regarding the polymer. The first method used to obtain
a complete molecular weight distribution (MWD)
of the polymer involved fractional precipitation of
polymer fractions by solvent precipitation.®®-3% The
average molecular weight of each fraction was then
measured using one of the above techniques and
on this basis an MWD curve was drawn. Clearly
this method is very time consuming. This problem
was overcome by the use of size-exclusion HPLC
techniques, which provide not only rapid and sensitive
methods for the determination of weight-average and
number-average molecular weights, but also provide
molecular weight distribution data for the polymer
under investigation.”!74-82.86

My

My
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Kim and Day*® were the first to report the
use of scanning electron microscopy to investigate
the molecular weight distribution of dextran. The
interaction of the polymer with a ruthenium red
solution containing OsO, resulted in an insoluble
complex, the appearance of which was indicative of
the size of the polymer.

Dextran types synthesised by dextransucrase

In 1954, Jeanes et al%® determined the approximate
structure of several dextrans. At that time, however,
the nature of the branch linkages, their distribution
and the length of the branch chains had not been
definitely determined. Later, methylation analysis of L
mesenteroides B-512F dextran showed that it contained
95% a(1,6)-linkages and 5% «(1,3)-branch linkages.
Since then, a great deal of research on the structure
has been performed on dextrans obtained from various
strains of L wmesenteroides and Streptococcus mutans
using methylation, periodate oxidation and 1>*C NMR
spectroscopy.’>74

Dextrans can be divided into three classes based
on structural features: class 1 dextrans contain a
main chain of consecutive «(1,6)-linked glucosyl
residues, with branching at position 2, 3 or 4;
class 2 dextrans contain non-consecutive «(1,3)- and
«(1,6)-linkages and «(1,3)-branch linkages; and class
3 dextrans contain consecutive «(1,3)-linkages and
«(1,6)-branch linkages. Class 1 comprises most of the
polysaccharides, usually thought of as dextrans.”®

L mesenteroides B-512F dextran is the classical
dextran (class 1) containing a high percentage (95%)
of consecutive «(1,6)-linkages and a relatively low
percentage (5%) of «(1,3)-branch linkages. There
is some controversy over the lengths of the branch
chains. Some chemical studies have indicated that
most branch chains are single «(1,3)-linked glucose
residues. Physical studies, however, have indicated
that the branch chains are relatively long with 50—100
«(1,6)-linked glucose residues. Consideration of the
mechanism of synthesis of the branch linkages suggests
that the structure is a mixture of branch chains of single
glucose residues and long chains of many « (1,6)-linked
glucose residues.

The L-fraction (less soluble) of L mesenteroides B-
1355 has a structure identical with that of B-512F
dextran.%> Another structure related to that of a B-
512F dextran is the L-fraction from L mesenteroides
B-742. It contains 87% «(1,6)-linkages but has
13% «a(1,4)-branch linkages instead of «(1,3)-branch
linkages. Because of the «(l1,4)-branch linkages,
however, the behaviour of this dextran differs from
that of B-512F dextran; it is much more resistant to
endodextranase hydrolysis than would be expected for
a molecule having only «(1,3)-branch linkages. It has
been suggested that an «(1,4)-branch linkage imparts
a different conformation to the dextran molecule
than does an «a(1,3)-branch linkage. This difference
in conformation may account for the differences in
endodextranase susceptibility.?%-%°
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Only three examples of class 2 dextrans are known,
namely the S-fractions (soluble) from L mesenteroides
B-1355, B-1498 and B-1501, which have ~50%
o(1,6)- and ~50% «(1,3)-linkages.’® The structure
is an alternating sequence «(1,6)- and «(1,3)-linked
glucosyl residues. These glucans are not true dextrans
as they do not have a consecutive sequence of «(1,6)-
linkages. Their physical and chemical properties are
distinct from those of class 1 dextrans and they are
completely resistant to endodextranase hydrolysis. For
these reasons, they are termed alternan instead of
dextran.87-88 Recently, a mutant derivative of strain
NRRL B-1355 was reported to produce a third
polysaccharide, an insoluble «-D-glucan containing
linear (1,3)- and (1,6)-linkages with (1,2)- and (1,3)-
branch points.?%°°

L mesenteroides B-742 fraction S also contains
material similar to alternan in that it has 50%
«(1,3)-linkages. However, unlike alternan, the «(1,3)-
linkages are all branch linkages. The B-742 fraction S
is a class 1 dextran with main chains of consecutive
«(1,6)-linked glucose residues to which single «(1,3)-
linked glucosyl residues are attached. This dextran
has the highest possible degree of branching and
exhibits a comb-like structure completely resistant to
endodextranase hydrolysis.’® Under some conditions
of biosynthesis not all glucosyl residues in the
«(1,6)-linked main chain are attached to «(1,3)-
linked glucosyl residues, giving an incomplete comb
structure. Another dextran related in structure to
the B-742 S-dextran is the soluble dextran produced
by S mutans 6715. It contains a relatively high
percentage (35%) of «(1,3)-branch linkages. Like B-
742 S-dextran, the branch chains are primarily single
glucose residues attached to an «(1,6)-linked main
chain. This dextran exhibits a comb-like structure,
but because of the lower percentage of «(1,3)-branch
linkages, the gaps are wider or more numerous. If
the «(1,3)-linkages are regularly spaced, however, the
resulting structure is an alternating comb polymer with
regular gaps between every other glucose residue on
the main chain (Fig 5).

Table 1. Linkages in different dextrans as obtained by methylation analysis®

Leuconostoc dextransucrase and dextran

In addition to the soluble dextran, S mutans 6715
produces an insoluble glucan, which contains mostly
(>93%) consecutive «(1,3)-linked glucose residues;
two L mesenteroides strains, B-523 and B-1149, also
produce insoluble «(1,3)-linked glucans. These are
class 3 dextrans, frequently called mutans instead
of dextrans because of their high percentage of
consecutive «(1,3)-linkages.>°

L mesenteroides B-1299 produces an L- and an S-
dextran with «(1,6)-linked main chains with single
«(1,2)-linked glucosyl residues along the chain.

The linkages found in these varied but related
dextrans are given in Table 1; a diagrammatic
representation of the different structures is given in
Fig 5.

A a-1,6 B
m a-1,3 branch a-1,3
a-1,6
C D a-1,6
a-1,3
a-1,3 branch
7/
E a-1,6
F
a-1,3 branch o-1,2
o-1,2 branch

Figure 5. Diagrammatic representation of the structures of the
different glucans synthesised by different glucansucrases from
various Leuconostoc mesenteroides and Streptococcus mutans. (A) L
mesenteroides B-512F; (B) S mutans insoluble mutan; (C) L
mesenteroides B-1355 alternan; (D) S mutans soluble dextran; (E) L
mesenteroides B-742 S-dextran; (F) L mesenteroides B-1299
dextran.®

Linkages (%)
Dextran® Solubility? a-(1 — 6) a-(1 — 3) a-(1 — 3)Br¢ a-(1 — 2)Br a-(1 — 4)Br
Lm B-512F S 95
Lm B-742 S 50 50
Lm B-742 L 87 13
Lm B-1299 S 65 35
Lm B-1299 L 66 7 27
Lm B-1355 S 54 35 11
Lm B-1355 L 95 5
Sm 6715 S 64 36
Sm 6715 | 4 94 2
2] m = Leuconostoc mesenteroides; Sm = Streptococcus mutans.
b S = soluble; L = less soluble; | = insoluble.
¢ Br = branch linkage.
F Chem Technol Biotechnol 80:845—-860 (2005) 853
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DEXTRANS SYNTHESISED BY Gluconobacter
DEXTRAN DEXTRINASE (DDase)

Cultures of Acetobacter capsulatus NCTC 4943 (now
Gluconobacter oxydans ATCC 11894) and A wviscosus
NCTC 7216 (now G oxydans ATCC 11 895), when
grown on dextrin (but not when grown on other
common carbohydrates) produced abundant amounts
of polysaccharide material, which had serological
properties similar to dextran, produced from sucrose
by L mesenteroides.'® Information on the constitution
of the ‘Acetobacter dextran’ was obtained by direct
comparison with four reference polysaccharides, ie
dextran isolated from sucrose broth culture of L
mesenteroides, oyster glycogen, corn amylopectin and
the dextrin used as the substrate in the medium
(Table 2).

From the data summarized in Table 2, it is evident
that the major features of the polyglucoside produced
by G oxydans resembled those of Leuconostoc dextran
and differed from those of glycogen, amylopectin
and the dextrin, from which the product was
formed.’! The slight release of reducing sugar on
treatment with amylase and the slight capacity of
the Gluconobacter product to be coloured by iodine
could be attributed, at least in part, to traces
of amylaceous material accompanying the bacterial
polysaccharide in its isolation from the dextrin broth
culture. It is noteworthy, however, that treatment with
saliva (although not with wheat S-amylase) caused
some decrease in the opalescence of solutions of
the Gluconobacter polysaccharide and some loss of
capacity of the polysaccharide to be precipitated by
35% alcohol. These observations suggested that the
Gluconobacter polysaccharide molecules might have
contained one or more internally located a-amylase-
sensitive linkages.®!

The hydrolysate of the Gluconobacter polysaccha-
ride was found to consist almost entirely of glucose.
The high optical rotation and the infrared absorp-
tion spectrum both indicated «-glycosidic linkages.
Absorption peaks consistent with «(1,6)-linkages were
also present, but no absorption attributable to «(1,3)-
linkages was detected. Methylation analysis revealed

three components: 2,3,4,6-tetra-, 2,3,4-tri- and 2,3-
di-O-methyl-D-glucose. The G oxydans polysaccharide
was thus shown to consist essentially of «(1,6)-linked
chains containing «/(1,4)-branching points, of which
the average «(1,6)-linked chain length was about 13
glucose units.!!

Jeanes et al®® suggested the Gluconobacter dextran
to be composed of 90% «(1,6)-linkages and 10%
«(1,4)-linkages by the periodate oxidation method.
However, these investigations were performed on
dextran obtained from G oxydans cultures containing
starch hydrolysate as a substrate.

In 1993, Yamamoto er al®? described the synthesis
of dextran from maltotetraose (G4) by the action of
purified intracellular Gluconobacter dextran dextrinase
(DDase). They demonstrated that the ‘Acetobacter
dextran’ was a highly branched glucan. Their results
indicated the existence of «(1,4)-linked branches on
o (1,6)-linked chains and that half of the «(1,4)-
linkages did not participate in branching. Native
Gluconobacter dextran was calculated to be constructed
with 6.23 branching points and 6.53 «(1,4)-linked
glucosyl residues per 100 glucosyl units. The molec-
ular weight was guessed to range between several
million and tens of millions of daltons. The size of
Gluconobacter dextran was somewhat smaller than the
commercial Leuconostoc dextran.?? Sims et al’* investi-
gated the structure of dextran formed during G oxydans
fermentations on maltooligosaccharides with varying
degrees of polymerisation. They obtained a similar
dextran structure to that obtained from maltotetraose
with purified DDase and concluded that the linkage
composition of the glucan was largely independent of
the size of the initial substrate.

In a study of Mountzouris et al,”! G oxydans cells
were used to convert maltodextrins (DE 17-20) to
polymeric material. The resulting dextran had a molec-
ular weight in the range 6.6—38kDa, and in some
cases small amounts of high molecular weight dextran
(>4500kDa) were also formed. The polymer could
not be separated from the high molecular weight mal-
todextrin part and appeared not to be highly branched.

Table 2. Properties of G oxydans polysaccharide compared with those of Leuconostoc dextran and polysaccharides of the starch class®

Conversion to
maltose (%)

Periodate oxidation

Colour with Rate of
lb (2gl™! acid hydrolysis:  Serological Periodate Formic acid
Polysaccharide a-Amylase B-Amylase polymer solution) Kj x 10° (min*1) activity?  consumed (mol) liberated (mol)
Gluconobacter glucan 1.0 0.2 NoneP 1 +++ 1.89 0.82
Leuconostoc dextran 0.0 0.0 NoneP 10 +++ 1.83 0.84
Oyster glycogen 71 33 Red—-brown 41 0 1.02 0.08
Corn amylopectin 93 61 Dark purple 54 0 1.06 0.04
Dextrin 86 64 Deep maroon 52 0 1.22 0.22

2 +++, Precipitation beyond 1:1 million dilution of the polysaccharide with type 2 and type 20 pneumococcal antisera and from 1:10 000 to 1:50 000

dilution with type 12 pneumococcal antiserum.

b A greenish colour was produced, however, when a 10-fold more concentrated solution of the polysaccharide was treated with iodine.
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Recently, Suzuki et al®® analysed dextran synthe-

sised by extracellular Gluconobacter DDase from mal-
totriose. The ratio of «(1,4)- to «(1,6)-glucosidic
linkages was calculated to be 1:20, whereas the aver-
age molecular mass of the polymer was estimated to
be about 1270 kDa.

The carbon source and mass transfer limitations
are among a range of factors known to affect the
molecular mass, the pattern and number of residues,
the degree of branching and the yield of microbial
exopolysaccharide production.®® The differences in
the type of substrate (maltodextrins instead of
maltotetraose or maltotriose) and the nature of the
catalyst (Gluconobacter cells or extracellular DDase
instead of purified intracellular enzyme) could then
possibly account for the large differences between the
dextran molecular weight reported by Mountzouris
et al,”"! Suzuki er al®> and Yamamoto er al.°? Other
factors that could have affected the dextran molecular
weight relate to the presence of acceptor compounds,
to the «(1,6) to «(1,6) secondary transglucosylation
action mode of DDase or to the presence of a
dextranase in the G oxydans cell suspensions.”!

The authors have optimised the production of
G oxydans dextran dextrinase and its use as a
biocatalyst for transglucosylation reactions; also,
the intracellular and extracellular form of dextran
dextrinase was compared with respect to their activity
and characteristics.?> 190

USES OF DEXTRAN
Dextrans are commercially important polysaccharides
and there is a considerable volume of literature devoted
to the numerous uses of native dextrans, partially
degraded dextrans and their derivatives.*>%-101
Dextran of relatively low molecular weight can
be used as a therapeutic agent in restoring blood
volume for mass casualties. The initial impetus for
the commercial production was for this use. Natural
dextran with a molecular weight of about 5 x 102
Da is unsuitable as a blood-plasma substitute. The
optimum size for blood-plasma dextran, so-called
clinical dextran, is 40000—100000 Da.® Material
with too low a molecular weight is rapidly lost
from the circulation by removal via the kidneys and
is therefore therapeutically ineffective and material
with too high a molecular weight can interfere with
normal coagulation processes of the blood.!®17.101
Clinical fractions of dextran with molecular weights
of 70000, 60 000 and 40 000 Da (designated dextran
70, 60 and 40, respectively) are at present available
for replacing moderate blood losses.'°! The rationale
behind the use of dextran is related to the retention
of dextran molecules in the circulation compared
with crystalloids, which rapidly penetrate vascular
membranes. It has been shown that each gram of
dextran will retain in the circulation ~20 ml of water,
making dextran the plasma volume expander of choice.
The essential feature of dextran 40, in addition to
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plasma volume expansion, is blood flow improvement,
presumably mediated by reduction of blood viscosity
and inhibition of erythrocyte aggregation.*1°!

Dextran produced by L mesenteroides B-512F 1is the
material of choice for clinical dextran because it has
a low degree of antigenicity and a high percentage
(95%) of a(1,6)-glycosidic linkages.*%>1°1 The latter
is important as the enzymes in the human body
can only slowly hydrolyse the «(1,6)-linkages in
contrast to «(1,4)-linkages of starch and glycogen,
which are rapidly hydrolysed by human «-amylases.
Furthermore, the «(1,6)-linkage imparts high water
solubility to the molecule, in contrast to material
having «(1,3)-linkages or B-linkages. Thus, B-512F
dextran has the low antigenicity, high water solubility
and high biological stability in the human bloodstream
required for a suitable blood-plasma substitute.® An
inevitable consequence of infusing colloids into the
blood is the risk of hypersensitivity reactions. Dextran-
induced anaphylactic reactions (DIAR) appeared to
be related to chemical structure. Dextrans of higher
molecular weights and/or with greater proportions
of non-o(1,6)-linkages caused a greater incidence
of allergic reactions.!®! Hypersensitivity reactions
observed in the initial development of dextran as
a blood extender are now reduced owing to a
modification of the dextran and by preinjecting
patients with a low molecular weight dextran (MW
1000) as a monovalent hapten.!? Approximately
20% of the population would have an anaphylactic
response, which is the limiting factor in the routine
use of clinical dextran as a blood-plasma substitute.
Nevertheless, during a disaster, when blood plasma is
scarce, clinical dextran as a blood-plasma substitute
might save lives.?

Many different types of esters and ethers of dextran
provide macromolecules with diverse properties and
negative, positive or neutral charges. Their proper-
ties depend on the type of substituent, the degree of
substitution and the molecular weight of the dextran.

The most widely used dextran derivative is obtained
by the reaction of an alkaline solution of dextran
with epichlorohydrin to give cross-linked chains.
The product is a gel that is used as a molecu-
lar sieve. With its commercial introduction in 1959
by Pharmacia Fine Chemicals (Uppsala, Sweden),
cross-linked dextran revolutionised the purification
and separation of biochemically important macro-
molecules such as proteins, nucleic acids and polysac-
charides. Commercial cross-linked dextran is known
as Sephadex®(the name is derived from SEparation
PHArmacia DEXtran).? 193 Several types of Sephadex
have been developed, eg the G-series (G-10 to G-200),
with different degrees of cross-linking, giving different
molecular exclusion limits. The G-numbers actually
refer to the amount of water absorbed by the dry
beads. Sephadex G-10, the highest cross-linked mate-
rial, regains about 1 ml of water per gram of dry gel and
Sephadex G-200, the lowest cross-linked material, has
a water regain of about 20 ml per gram of dry gel .
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Dextrans are also an essential component of
Sephadex derivatives, including carboxymethyl (CM)
Sephadex, diethylaminoethyl (DEAE) Sephadex,
diethyl(2-hydroxypropyl)aminoethyl (QAE) Sepha-
dex, sulfopropyl (SP) Sephadex* and other modern
separation gels such as Sephacryl and Superdex.!??

Intravenously administered iron dextran is used to
alleviate iron deficiency anaemia.'%* The shortcoming
of oral iron supplementation is the gastrointestinal
tract’s limited capacity for iron absorption. Most
orally consumed iron flows untouched through the
alimentary tract.!%® An iron dextran complex named
Infed®, has been licensed for general use in the
USA.1%6 Special iron dextran preparations have also
been developed to enhance magnetic resonance
imaging techniques.!%!

The sulfate ester of dextran has anticoagulant
properties similar to those of heparin, a naturally
occurring polysaccharide containing carbohydrate
sulfate esters. It also interacts with S-lipoproteins
and as such has found applications in analytical
and preparative procedures.!® Dextran sulfate has
an affinity for sites that bind nucleic acids and is a
potent inhibitor for ribonuclease. More recently, it
has been studied as an antiviral agent, particularly
in the treatment of the human immunodeficiency
virus (HIV).!°7 The possible use of dextran sulfate
as an anti-HIV drug is based on laboratory tests,
showing its inhibition of reverse transcriptase, plus the
fact that oral dextran sulfate has been used against
arteriosclerosis for 20 years in Japan, without harmful
side-effects.!108:109

Mercaptodextran has a higher affinity for heavy
metal ions, such as silver, mercuric, cupric and auric
ions, than most other thiols and chelating agents.
This affinity, combined with low toxicity, suggests
possible uses in acute heavy metal poisoning and in
environmental cleanup of heavy metal contamination.®

Most major photographic companies have taken
patents on the improved effects achieved by incor-
porating dextrans into X-ray and other photographic
emulsions resulting in economies in silver usage with-
out loss of fineness of grain.!6:103

Dextrans are also used in several formulations for
the eye and skin care market. Dextrans and derivatives
offer many advantages as ingredients for cosmetics,
where excellent biocompatibility, moisturising prop-
erties and proven stability are high on the list of
requirements.!®> The incorporation of dextran in bak-
ery products improves softness, crumb texture and
loaf volume.!!® Dextrans have also been used in clin-
ical nutrition, in fructose syrup and as additives in
products such as candies and ice cream.!!! Dextrans
are not explicitly approved as food additives in the
USA or in Europe,*!!! although L mesenteroides is a
GRAS-status organism, present in many fermented
foods. However, patents have recently been granted
related to the use of dextran preparations in baked
products.!10-112
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Many other potential uses for dextrans have been
described, such as emulsifying and thickening agents,
high-viscosity gums, explosives, deflocculants in paper
products, secondary recovery of petroleum, oil drilling
muds, soil conditioners and surgical sutures.!!?

The growing interest in application-specific dextrans
can be partly accredited to important product features
such as hydrophilicity, stability, purity and ability to
form clear and stable solutions. However, another
feature stands out and recently seems to have
generated the most interest: the fact that dextrans are
derived from renewable resources and are degraded
by ecological systems.

PROBLEMS ASSOCIATED WITH DEXTRAN
FORMATION

Dextrans and dental caries

Considerable evidence now exists to indict sucrose
as the agent that initiates dental caries (an infective
disease that breaks down tooth enamel and den-
tine) in persons living in technologically advanced
communities. In molar teeth, caries may develop in
occlusal fissures as a result of bacterial fermentation
of impacted food material. However, lesions on the
more numerous ‘self-cleansing’ smooth surfaces of
teeth cannot form in a similar way. A prerequisite
to the development of smooth-surface lesions appears
to be the accumulation of a layer of polysaccharide-
containing plaque on the tooth surface.”

Cariogenic microorganisms secrete extracellular
glucosyltransferases that polymerise the glucose moi-
ety of sucrose into glucan polymers, forming a
pellicle on the tooth surface.!!* Many studies
have reported the isolation of extracellular gluco-
syltransferase enzymes from culture media of oral
bacteria.!!#7117 Ugarte and Rodriguez!!® demon-
strated the presence i vivo of glucosyltransferase in a
crude homogenate of dental plaque from children.

The principal organism found in dental caries is
Streprococcus murans. The cariogenic potential of this
bacterium is thought to reside in its ability to produce
water-soluble (dextrans) and water-insoluble glucans
(mutans) from sucrose.!”11° These polysaccharides
make up dental plaque that adheres to the enamel
of the teeth, holding myriads of S mutans cells in
close proximity to the enamel; the polysaccharides
also provide an anaerobic environment for the bacte-
ria. Dextrans and mutans thus promote dental caries
by facilitating the colonisation of cariogenic bacteria
on the tooth surface, but also through their presence
as structural components or reserve carbohydrates in
dental plaque. The gradual breakdown of reserve car-
bohydrates to fermentable sugars and their conversion
to organic acids are a key factor in the cariogenic
process, as they enable a low pH to be maintained at
the tooth surface for a prolonged period of time and
in the absence of exogenous carbohydrates. The acids
are held in close contact with the teeth, attacking the
enamel and resulting in dental lesions.317:11°
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Dextran problems in sugar refineries
The growth of Lactobacilli and Leuconostoc microor-
ganisms is generally accepted to be an important
factor contributing to the post-harvest deterioration
of cane and beet sugar. Apart from causing signifi-
cant losses of sucrose and souring the cane or beet
with organic acids, these bacteria are able to convert
sucrose into dextrans that can seriously lessen the
efficiency with which the deteriorated cane or beet
may be processed.”12%121 Contamination in refineries
is propagated by the circulation of sweet water and
slime can be produced in preferential locations.!??
Insoluble dextrans contribute to the clogging of fil-
ters, pipelines and tanks and may seriously interfere
with the removal of suspended matter at the clarifica-
tion stage of raw sugar manufacture. These gums also
encourage the formation of scale that results in heat
losses in the sucrose juice evaporators. The viscosities
of raw sucrose juices and syrups are increased by the
presence of soluble dextrans; these have undesirable
effects on the filtration, clarification, boiling and affina-
tion processes. In addition, it has been demonstrated
that soluble dextrans retard the rate of crystallisa-
tion of sucrose and also adversely affect the crystal
shape.122.123

According to DeStefano and Irey,'?* however,
dextrans are only a partial contributor to most
of these problems, notably the crystallisation and
filterability aspects. They state that dextran is difficult
to analyse because of the relatively low parts per
million levels usually present and because of its
physical characteristics. It is a series of similar
molecules with a wide range of molecular weights,
typically with a bimodal or even trimodal molecular
weight distribution.*> To complicate matters further,
L mesenteroides is just one of many organisms in
the juice, producing extracellular products that may
be carried over into the sugar in varying degrees.
In addition, polymeric materials from the soil and
from the plant itself may also find their way into
the process.!?* The overall effect on processing is a
marked decrease in sucrose recovery, reduced factory
and refinery efficiency and lower quality of the final
products.1?

Dextrans and food spoilage
L mesenteroides is associated, in combination with other
lactic acid bacteria, with sauerkraut production. In
addition to acidification, L mesenteroides is responsible
for flavour compounds but also, in some cases, for
spoilage by dextran production. In the rum industry,
Leuconostoc’s dextran formation causes problems from
milling to fermentation. In cured meat products,
slime-forming Leuconostoc strains have been identified
among the discolouring, off-odour and off-flavour
producing lactic acid bacteria. In addition, ropy strains
have been isolated from vacuum-packed cooked meat
products.1?®

Owing to their acid, hop and alcohol tolerance,
certain acetic acid bacteria may grow in beer and cause
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spoilage.'?”-128 The only factor limiting their growth
in beer is lack of oxygen. Some species, however, can
manage with only a minimal amount of oxygen.!?° In
addition to beer acetification, these organisms may
cause ‘ropiness’ or sliminess of beer through the
synthesis of gelatinous dextran.!?°~132 Film formation
and turbidity caused by acetic acid bacteria are indeed
common forms of spoilage in draught beer in partly
filled kegs.!?? Baker er al'3° were the first carry out a
thorough investigation on microorganisms associated
with the type of beer spoilage known as ropiness. The
causative organisms were identified to be Acerobacter
viscosum and A capsulatum®! (now reassigned to the
genus Gluconobacter'®®) and now known to produce
dextran from (beer) maltodextrins with their dextran
dextrinase activity.

These ‘beer spoiler’ strains and their dextran dex-
trinase enzyme are now also being studied intensively
as useful biocatalysts to produce (oligo)dextrans from
maltodextrins.??93:95-100
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