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ABSTRACT 

Dextran fractions from NRRL strains Leuconostoc mesenteroides B-523, B-742, 
B-l 149, Betabacterium vermiforme B- 1139, and Streptococcus viridans B- 135 1 were 
examined by 13C-n-m-r. spectroscopy. The native, structurally homogeneous dextrans 
from NRRL strains of L. mesenteroides B-1191, B-1192, and B-l 142 were also 
examined by 13C-n.m.r. spectroscopy, and the spin-lattice relaxation values of 
dextran B-l 142 were measured. Methylation-fragmentation, structural analyses 
were performed on dextrans B-l 142 and B-1191. Except for the A fractions of 
dextrans B-523 and B-1149, all of these dextran fractions differ from linear dextran 
by branching primarily, if not exclusively, through 3,6-di-O-substituted or-D-gluco- 
pyranosyl residues. Dextran B-1149 fraction A is spectroscopically different from 
the dextrans branching through the 3,6-di-O-substituted residues, and apparently 
contains significant mole percentages of contiguously linked 3-mono-O-substituted 
cr-D-glucopyranosy! .residues. 

INTRODUCTION 

We have previously applied methylation-fragmentation analysis (employing 
g.l.c.-m.s.)2~3 and 13C-n.m.r.-spectrometric analysis4*5 for a general survey of the 
extracellular, microbial dextrans produced by bacteria in the ARS Culture Collection 
at the Northern Regional Research Center. The results of an initial, structural 
survey of this dextran collection, based primarily on periodate-oxidation studies6, 
were used to direct the subsequent g.l.c.-m-s. and “C-n.m.r.-spectrometric survey, 
and many of the dextrans studied in the second survey are listed in Table I of ref. 7. 

*Unusual Dextrans, Part XIII. For Part XII, see ref. 1. 
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Most of the dextrans that have been studied can be described in terms of the general 
repeating-unit 1, where Glcp represents a D-glucopyranosyl residue or group; n, the 

-(-[-r-Glc#-( 1 +.6)-I,-&lcpb-(1 -6~),- 
m 

7 
1 

ci-Glcp* 

1 

number of D-glucopyranosyl residues between branch-point residues; and m, the 
carbon atom number of the position of branching (O-substitution); and r identifies 
a terminal group; 6, a branch-point residue; and Z, a linear, chain-extending residue. 

We originally employed 1, on a hypothetical basis, for the correlation and 
comparison of structural data obtained by different methods. However, in Part XII 
of this series’, a varie.y of data from different sources and for different dextrans were 
surveyed, and it was concluded that 1 may truly be an accurate representation for 
many dextrans. It should be noted that n represents an average distance between 
branch-point residues (b-residues), and our current methods provide little information 
on the frequency distribution of specific n values for any given polysaccharide. A 
side chain of a single residue is shown in 1, and although such a structure is most 
compatible with our current, 13C-n m.r., chemical-shift and spin-lattice relaxation . 
data for dextrans, it is possible that longer side-chains exist in some, or all, of these 
polysaccharides. We have found no dextrans that contain large percentages of branching 
through different m values in the same dextran, and few dextrans that contain spectro- 
scopicahy significant percentages of residues branching through a second m type of 
residue. Most of the ‘3C-n.m.r. spectra recorded for these dextrans are capable of 
identifying branch-point residues at - 5 mole percent, and 1 therefore represents three 
major classes of dextran, having m = 2,3, or 4. We have previously discussed dextrans 
and dextran fractions that belong to the class’ of 1, m = 2, and also to the class9 
ofl,m = 4. We now deal with compounds represented by 1 when m = 3, namely 
the last of these three groups. 

For brevity, and simplicity of expression, we now propose to group the dextrans 
into a limited number of classes based on operational definitions. Dextrans that 
deviate from linear dextran by the presence of di-O-substituted cr-D-glucopyranosyl 
residues will be described as class I dextrans. The group of class I dextrans can be 
further divided on the basis of the carbon-atom number of the branch-point position 
of the di-O-substituted residue [e.g., a class I (m = 2) dextran refers to a dextran 
deviating from Iinear dextran by branching occurring through 2,6-di-O-substituted 
a-D-glucopyranosyl residues]. Class I dextrans can operationally be identified by 
the presence of di-O-methyl derivatives of D-glucose in the hydrolyzate of a per- 
methylated dextran, with 3,4-di-O-methyl derivatives indicating a class I (m - = 2) 

dextran, 2,4-di-O-methyl derivatives indicating a class I (m = 3) dextran, and 2,3- 
di-O-methyl derivatives indicating a class I (m = 4) dextran. Traces (less than 3 mole 
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percent) of di-O-methyl derivatives in the chromatogram of the hydrolyzate are not 
considered to have significance in this classification. ‘3C-N.m.r. spectrometry has 
been referenced to the methylation-fragmentation, structural-analysis data for 
dextrans, and the diagnostic resonances of the 7%8%p.p.m. region of the 13C-n.m.r. 
spectra (unless otherwise stated, all 13C-n.m.r. values refer to recording conditions 
at 90” for aqueous solutions) indicated a correspondence to the dextran classes as 
follows: -77.8 p.p.m., class I (m = 2) dextran; -80.4 p.p.m., class I (m = 4) 
dextran; and -82.9 p.p.m., class I (m = 3) dextran. 

For those examples of extracellular dextran that have been obtained from 
various strains of L. 

1, where m = 2 or m = 4; 
dextran B-1254 fractions SC,E] is the exception, and may contain significant (>2 %) 
proportions of Cmono-O-substituted residues. However, dextrans containing (l-+3)- 

linkages display greater diversity in structure, although all current evidence indicates 
that all such linkages are present as (1+3)-a-D-linkages. 

The class I (m = 3) dextrans differ from the class I (m = 2) dextrans and class I 
(m = 4) dextrans in several ways. Firstly, structural analysis by acetolysis, which is 
more sensitive than 13C-n.m.r. or methylation-structural analysis to traces of non-6 
mono-O-substituted residues, indicates that many (or possibly all) extracellular 
dextrans contain (1 +3)-or-D-linkages’0. Unfortunately, methylation-fragmentation, 
structural analysis is not a good method for the confirmation of traces of (1+3)-a-~- 

linkages, as OH-3 of an a-D-glucopyranosyl residue tends to resist complete U- 
methylation3. Secondly, class I (m = 3) dextrans having a moderate (N 5 %) content 
of 3,6-di-O-substituted residues have been extensively studied’l; for example, L. 
mesenteroides dextran NRRL B-5 12(F). Thirdly, with the exception of dextran B-742 
fraction S (which has been described in previous parts of this series), these highly 
branched, class I (m = 3) dextrans have been the subject of few investigations, in 
contrast to the relatively extensive studies on class I (m = 2) dextrans and class I 
(m = 4) dextrans (see refs. 8 and 9, and references cited therein)_ And, finally, the 
greater diversity of dextran structures into which the (1 +3)-a-D-linkage [as contrasted 
to the (1+2)-a-D- and the (l-+4)-a-D-linkages] has been found incorporated has 
contributed difficulties to the identification of class I (m = 3) dextrans. 

Several dextrans (e.g., dextran B-1355 fraction S) yielded periodate-oxidation 
data that indicated relatively large percentages of (1+3)-a-D-linkages, but were later 
shown to contain relatively large percentages of 3-mono-O-substituted a-D-gluco- 
pyranosyl residues, in addition to 3,6-di-O-substituted a-D-glucopyranosyl residues 
(see ref. 15, and references therein). It was also concluded that the 3-mono-O- 
substituted residues were not consecutively linked, and that excess 6-mono-O- 
substituted residues were consecutively linked, and situated in side chains’. The 
structure of this group of polysaccharides, as exemplified by dextran B-1355 fraction S, 
can be represented by 2; for convenience and brevity, this group 
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-(-[-a-Glcp-( l-+3)-a-Glcp-( 1 +6)-I,-a-Glcp-(l-+3)-a-Glcp-(l-+6)-),- 

: 
a-Glcp-(l-+6)-[-a-Glcp-(146)],-a-Glcp-I 

2 

D. KNAPP 

of dextrans (which also includes the S fractions of dextran B-1498 and dextran 
B-1501) may be referred to as class IL dextrans. In terms of an operational definition, 
class II dextrans yield (a) significant proportions of 2,4,6-tri-O-methyl-a-D-glucose 
in the hydrolyzate from such a permethylated polysaccharide, and (6) ‘3C-n.m.r. 
spectra containing diagnostic resonances at -83.3 and - 101.5 p.p.m. 

It is also possible to differentiate class I (m = 3) dextrans from class II dextrans 
on the basis of immunochemical reactionsI and by Fourier-transform, infrared 
difference-spectrometry13, but not by ‘H-n.m.r. spectrometry14 at 100 MHz. Further- 
more, the difficulties involved in the structural analysis of dextrans containing (1+3)- 
linkages are increased by the possible existence of yet another group of dextrans, 
exemplified by dextran B-l 149 fraction A, which will be further discussed in a subse- 
quent section herein. 

Examination of ‘3C-n.m.r. spectra obtained for class I (m = 2) dextrans, 
class I (m = 4) dextrans, and class II dextrans indicated that, in addition to the six 
resonances of linear dextran, the spectra of each class of dextrans contain diagnostic 
resonances that differ for each class of dextrans, and that are essentially invariant 
(a ,46 range of -0.04 p.p.m_) in terms of chemical shift, but that have intensities 
(relative to the resonances of linear dextran) that are proportional to the degree of 
branching for each dextran s-g As branching from the linear dextran structure results _ 

in two new residues, the b- and t-residues, it is anticipated that each type of branching 
for class I dextrans could result in 12 (2 x 6) diagnostic resonances. Two class I 
(m = 3) dextrans have been spectroscopically examined15, namely, the very highly 
branched dextran B-742 fraction S and the relatively linear dextran B-1351 fraction L. 
These preliminary data indicate that the spectra of class I (m = 3) dextrans contain 
diagnostic resonances that differ from those in the spectra of the other class I dextrans 
and the class II dextrans. 

Previous, structural investigations on the dextrans produced by the NRRL 
strains discussed herein include acetolysis studies of dextran B-523 and dextran B-l 149 
fraction A by Suzuki and Hehre’ ‘, the initial examination of the 13C-n.m.r. spectrum 
of dextran B-742 fraction S by Colson et d6, and the use of isomaltodextranase by 
Sawai et al.’ 7 to examine dextran B-l 191 and dextran B-742 fraction S. The NRRL 
dextrans have also been extensively studied by immunochemical techniques, and we 
have previously summarized many of these observations in terms of the major, 
structural features of these polysaccharides now kno~n’*‘*~~. Dextran B-742 fraction 
S (which has also been described as fraction C3R) and dextran B-l 142 were the rep- 
resentative examples of class I (m = 3) dextrans employed in these immunochemical 
studies1s-22. The general literature pertaining to immunology and dextrans has also 
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been collated in Part XIX of ref_ 1 l_ In addition to dextrans from NRRL strains, 
there have been other reports of highly branched polymers that apparently fulfil 
the definition of class I (m = 3) dextrans. Preobrazbenskaya et al. (see ref. 23, and 
references cited therein) described the production, from a strain of L. meserzteroides, 

of dextran 44b-2, for which both periodate-oxidation and methylation-fragmentation 
data indicated the structure to be 1 with m = 3 and II = -3.0. Ito and Schuerchz4 
reported the chemical synthesis of polysaccharides branching through 3,6-di-U- 
substituted a-r>-glucopyranosyl residues, and recorded the r3C-n.m.r. spectra of 
these compounds. Dextrans containing 3,6-di-O-substituted cc-D-glucopyranosyl 
residues, and of relatively high degree of branching, have been identified as the 
soluble fractions in the in vitro production of dextran by enzyme systems from S. 
mutans by Hare et aL2’, who established, by methylation-fragmentation, structural 
analysis, that the D-ghCan OMZ 176 GTF-S corresponds to 1 with m = 3, and 12 = 
-1.1. 

‘3C-N.m.r. assignments of resonances to the carbon-atom position (or to the 
residue type) have also been made by use of spin-lattice relaxation measurements’ -“*” 
(or values). In general, it has been assumed that the dipole-dipole, spin-lattice 
relaxation value (TyD) of a resonance is proportional to the segmental motion of the 
carbon-atom position associated with that resonance, and that, for polysaccharides, 
the TyD value is proportional to the observed spin-lattice value (qbS). Therefore, 
the TTbs value obtained for each resonance is assumed to correspond to the relative 
degree of motion of the carbon-atom position associated with that resonance, and 
(in general) resonances having large 5?ybs values are assigned to carbon-atom positions 
of residues in side chains. 

RESULTS AND DISCUSSION 

Data from nine homogeneous dextrans or dextran fractions have been examined. 
These dextran fractions had been produced by NRRL strains Leuconostoc mesente- 

roides B-523, B-742, B-l 149, Betabacterium vermiforme B-l 139, and Streptococcus 

viridam B-1351 _ The structurally homogeneous dextrans were produced by NRRL 
strains of L. mesenteroides B-l 191, B-l 192, and B-l 142. 

Class 2 (m = 3) dextrans 

Methylation-fragmentation analysis. - G.l.c.-m.s. data are currently available 
for four dextrans (see Table I) that are known to differ from linear dextran by yielding 
chromatograms, from the hydrolyzates of the permethylated polysaccharides, that 
contain sign&ant proportions of 2,4-di-O-methyl derivatives, and therefore fulth 
the operational definition of a class I (m = 3) dextran. Dextrans B-l 142 and B-l 191 
were permethylated, and the products hydrolyzed, in parallel with other polysaccha- 
rides. These dextrans resisted permethylation and were only slowly hydrolyzed, in 
contrast both to highly branched mannans and (the dendritically branched) glycogen. 
Although minor components of O-methylated dextrans afford products present in 
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TABLE I 

hlOLE PERCENTAGE OF METHYLATED D-GLUCOSES IN HYDROLYZATES OF METHYLATED DEXTRANS= 

NRRL 

strain 2.3 2,4 394 

B-742” S 45.3 4.4 50.2 

B-1142 33.3 35.0 1.3 30.4 

B-1191 21.8 59.6 0.8 17.2 0.6 
B-1351C S 5-S 83.3 10.5 0.3 

aThe mole percentages are expressed as the uncorrected areas of the peaks in the chromatogram 
of the PAAN derivatives, employing a hydrogen-flame detector. OData taken from ref. 3. =Data 
taken from ref. 2. 

the chromatograms of the hydrolyzates thereof, it is possible that these minor compo- 
nents represent a small degree of incomplete methylation, rather than traces of 
repeating units described by 1, m = 3. Both dextran B-742 fraction S and dextran 
B-1351 fraction S were previously analyzed2*3 b y processes of permethylation, 
hydrolysis, and g.l.c.-m-s. essentially identical to those employed for dextrans B-l 142 
fraction A and dextran B-l 191. 

‘3C-NucZear magnetic resonance spectrometry. - Spectra have been recorded at 
both 34” and, for increased resolution and shorter acquisition times, at 90”, for 
solutions in deuterium oxide. Unless specifically noted, the discussion of the 13C- 
n.m.r. spectra will refer to 90 o recording-conditions. 13C-N.m.r. spectra were recorded 
for dextrans B-1142, B-l 191, and B-l 192, and also for dextran B-1139 fraction S, 
dextran B-1149 fraction A, and dextran B-1351 fraction L (see Table II, and Figs. i 
and 2). In addition, Table II and Figs. 2 and 3 contain data for B-1351 fraction S. 
The initial, 13C-n.m.r. investigation16 of dextran B-742 fraction S (the fraction was 
not identified, but the original material was from a source identical to the S fraction 
studied herein) indicated, by comparison (at pH 14) to a relatively insoluble, (143)- 
a-D-linked D-giUCan from Penicillium patulum, that this dextran contained (l-3)- 
a-D-finkages. The resonances in Table II and Figs. 1 and 2 are referenced to the 
identifying numbers employed in Part XII of this series’. We have previously described 
our technique of cross-referencing chemicaI-shift data that have been recorded at 
different times’; however, the majority of the data in Table II were acquired in a 
single time-period of less than a week, and are uncorrected. With the exception of 
dextran 8-1149 fraction A, only a limited number of diagnostic chemical-shifts are 
present in the spectrum of each polysaccharide listed in Table II, and an inspection 
of any line in Table II indicates that few sets of resonances deviate by more than 
+0.03 p.p_m_ from an average value. As dextran B-l 142, dextran B-1191, dextran 
B-742 fraction S and dextran B-1351 fraction S have been shown by methylation- 
fragmentation analysis to contain the residues corresponding to 1, m = 3, it is there- 
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TABLE II 

111 

CHEMICAL sH1~l-S FOR ~~C-N.M.R. SPECTRA, AT go”, OF DEICTRANS CONTAINING 3,6-DI-~-SUssmuTED 

RESIDUES= 

Dextran 

B-742 
kraction 

B-I I42 B-1191 B-II92 B-1139 B-I351 B-I3SI B-II49b 

S 
AcqttisitionsC 

s L s A 

I6 4 6 4 8 12 8 208d 

A” 7 
8 
9 

11 
lla 
15 

B 16 
17 
211 
221 

C 24 
D 27 

28 
E W 

29a 
F 

100.81(250~~~ 100.88(253)’ 100.88 100.87 100.87 100.87 
99.56(150) 99.50(152) 99.50 99.50 99.50 99.48 

82.89(1 IO) 82.81(125) 82.87 82.84 82.84 82.82 

75.09(140) 
74.79(180) 
73.57(180) 
73.50 
73.14(140) 

71.74(110) 

71.41(170) 
67.67( 63) 
62.49(206) 

75.13(186) 
74.78(226) 
73.58 
73.51(211) 
73.15(180) 
71.79s’ 
71.83(129) 
71.57(130) 
71.42s 
67.72( 83) 
62.45(23 1) 

75.14 75.13 75.14 
74.79 74.78 74.79 
73.61 
73.55 73.55 73.50 
73.17 73.15 73.15 
71.97 71.93 71.97 
71.83s 
71.57 71.57 71.59 

67.76 67.72 67.62 
62.46 62.45 62.40 

75.15 
74.79 

73.52 
73.16 
71.95 

71.58 

67.74 
62.42 

100.88 100.96 
99.48 99.50 

98.16’ 
97.29’ 

82.85 
82.49 
77.71s 

75.17 75.13 
74.79 74.78 
73.61 
73.50 73.45 
73.18 73.15 
71.98 71.97 
71.80s 
71.59 71.56 
71.40s 
67.77 67.76 
62.45 62.41 

“The spectra are expressed in p.p.m_ relative to tetramethylsiiane. bThe (1+3)-a-D-linkages of this 
compound are probably not with 3,6-di-O-substituted residues. CAcquisitions in thousands. dFig_ 2 
shows an additional spectrum of 16,000 acquisitions. “These numbers were assigned in ref. 1, and 
are referenced to resonances in Figs. 1, 2,3, and 5. me numbers in parentheses refer to Tlobsvalues 
(in ms) for the corresponding resonances. BData taken from ref. 1. nThe letters A through F designate 
the major resonances of linear dextran (see ref. 4). *These resonances indicate small percentages of 
(l-2)-a-o-linkages (see ref. 8). IResonances 21 and 22 could not be resolved for individual Tl 
measurements. %e letter s designates a shoulder, or weak resonance. 

fore concluded that all dextrans listed in Table II (except for dextran B-l 149 fraction 
A) are class I (m = 3) dextrans. The spectra listed in Table II contain no resonances 
identifiable with di-O-substituted residues having m = 2, or m = 4. Dextran B-l 149 
fraction A and dextran B-523 fraction A apparently do not belong to the class I 
(in = 3) dextran group, and will be discussed separately. 

High-resolution spectra, processed by convolution-difference, resonance- 
enhancement* ’ (c.d.r.e.) techniques, show the persistence of well defined, diagnostic 
resonances in the spectra of class I (m = 3) dextrans when n becomes large. Such 
consistency in the chemical shifts of these diagnostic resonances, even when such 
resonances dominate the spectrum of a highly branched polysaccharide, can be 
observed in the expanded-scale, 69-76-p.p.m. region of the spectra in Fig. 3 and 
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0-742 s 

7 

-d 
29 

i 

B-1142 

B -1191 

B-1192 

106 57 
p_p.m. 

106 57 
p.p.m_ 

Fig. 1. 13C-N.m.r. spectra, at 90”, of dextran B-742 fraction S, dextran B-1142, dextran B-1191, 
and dextran B-1192. (The number of acquisitions for each spectrum is listed in Table II. Except for 
those of dextran B-l 142, all data were processed by c.d.r.e. before plotting. The identifying resonance- 
numbers are referenced to the resonances in Table IX.) 

Table II. For example, all of the spectra given in Fig. 3 show the closely separated 
resonances 21 and 22, although relatively long acquisition-times and c.d.r.e. processing 
are necessary in order to separate these resonances clearly. The presence of these 
well defined, minor resonances in the spectra of class I (m = 3) dextrans having a low 
degree of branching, and the absence of additional, minor resonances from the 
spectra of highly branched, class I (m = 3) dextrans, indicate that neighboring-residue 
effects are not evident for the resonances associated with residues lying immediately 
before or after a b-residue. We have previously discussed this general lack of neigh- 
boring-residue effect, which has been observed for all class I (m = 2,3, or 4) dextrans; 
and concluded that such an effect is compatible for dextrans having backbone chains 
composed exclusively of (1+6)-or-D-linked D-ghrcopyranosyl residue?. 

The dextrans of intermediate n value provide a convenient reference for com- 
paring the resonances of highly branched dextrans with those of the dextraris of low 
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Fig. 3. The expanded, 69-76-p.p.m. region of the 1%n.m.r. spectra, at 90”, of dextran B-742 
fraction S, d&ran B-l 142, dextran B-l 191. and dextran B-1351 fraction S. (All data were processed 
by c.d.r.e., and the number of acquisitions for each spectrum is listed in Table II. The identifying 
resonance-numbers are referenced to the resonances in Table 11.) 

Ifour hypothesis that branching produces 12 additional resonances (6 resonances 
from the t-residue and 6 resonances from the b-residue) is correct, certain of the 
branching resonances in the spectra in Table II are not identified. We have previously’ 
established that, for class I (m = 3) dextrans, the anomeric resonances of the b- 
residue and the Z-residue are not resolved. The relative insensitivity of the chemical 
shift of the resonances of C-6 results in no resolution between the resonances of 

the linked C-6 atom of the b-residue and the I-residue (Le., resonance 32). Therefore, 

only 2 of the expected 12 diagnostic resonances for the class I (m = 3) dextrans 
have not been accounted for, and it is assumed that these resonances are unresoIved 
in the 70-75-p.p.m. region. In our initial, 13C-n.m.r. study of dextrans4, we observed, 
in the spectrum of dextran B-1351 fraction S, a resonance at 67.5 p.p.m_ that was 
identified as the C-6 resonance of the b-residue. However, this 67.5-p.p.m. resonance 
was an artifact of that specific preparation, apparentIy due to an impurity, because 
subsequent, duplicate, spectrometric determinations of dextran B-1351 fraction S 
have given only two resonances (61.3 and 66.6 p.p_m., under ambient recording- 
conditions) in the 6Q-65-p.p_m. region. 
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TABLE HI 

THE DEGREE OF BRANCHING OF DEClRANs CONTAININ G 3,6-Dl-0-SUBSTI-U_WD RESIDUES As ESTABLISHED 

BY METIWLATION-FRAG~ATION (G.L.c.-M.s.) ANALYSIS AND BY 1W-N.M.R. SPE~I-ROSCOPY 

Dextran n from 13C-N.m.r_ anomeric 13C-N.m.r. anomeric 

NRRL strain Fraction g.i.c.-m.s.a peak-heightb peak-areab 

Ratio Normalized n Ratio Normalized n 

B-742 S O.lOd 0.89 0.10 1.53 0.10 
B-l 142 1.05 1.39 0.60 2.23 0.80 
B-1191 2.72 3.46 2.67 3.42 1.99 
B-l 192 3.42 _ 2.63 3.40 1.97 
B-1139 S 5.90 5.11 5.77 4.34 
B-1351 L 5.69 4.90 7.91 6.48 
B-1351 S 14.4= 8.73 7.94 9.90 8.47 

aThe amount of the 2,3,4-tri-O-methyl derivative divided by the amount of the 2,3,4,6-tetra-U-methyl 
derivative. bThe resonance heigbt (or area) at 99.5 p.p.m. divided by the resonance height (or area) 
at 100.1 p.p.m. The spectra that were measured had not been processed by c.d.r.e. CThe anomeric 
ratios were linearly normalized, and referenced to the value of n = 0.10 for B-742 fraction S. dG.l.c_- 
m-s. data taken from Table I. eWhen the amount of 2,3,4-n-i-O-methyl derivative is divided by the 
amount of 2,3-di-O-substituted derivative, n equals 7.93. 

We have previously discussed the peak-intensities of the diagnostic resonances, 
relative to the intensities of the A through F resonances of linear dextran, as a 
measure of the degree of polysaccharide branching. We have correlated branching 
data for several dextrans, including dextran B-742 fraction S, dextran B-1191, and 
dextran B-1142, by the use of difference F-t.-i.r.r3 and *H-n.m.r.‘4 techni- 
ques. Methylation-fragmentation analysis is the method of choice for use in 
the comparison of data on degree of branching, as the g.l.c.-m-s. technique can 
provide an n value essentially independent of polymeric reference-standards (see 
Table III). Data have been correlated from g.l.c.-m-s. and from 13C-n.m.r. spectro- 
scopy for degree of branching in dextrans of class I (m = 2) and class II, and we have 
found a general correlation, in terms of relative degrees of branching, for sets of 
polysaccharides in these two classes of dextran. For ‘3C-n.m.r. resonances, it is 
necessary to introduce a resonance-intensity correction-factor, as different carbon- 
atom positions do not all have resonances of equal intensity. For class I (m = 4) 
dextrans, the correlation between data for degree of branching given by g.l.c.-m.s. 
and by 13C-n.m.r. spectroscopy has been less close than data from the foregoing classes 
(although maintaining a general correlation) and, at present, we are not certain 
as to the cause of this lack of agreement g. However, the data presented for the degree 
of branching for class I (m = 3) dextrans (see Table III) show a similar correlation 
between degree of branching from g.l.c.-m-s. data and from ‘3C-n.m.r.-spectral data. 

As all of the data from ‘3C-n.m.r. spectroscopy had been obtained with a high 
signal-to-noise ratio, both the peak heights and the peak areas in the anomeric region 
were compared. For more-direct comparison of the sets of data, these comparisons 
were made for spectra for which the data which had not been treated by c.d_r.e. 
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processing. As each carbon-atom position can give a ‘3C-n.m.r. resonance of different 
intensity, and, as the anomeric resonances of the I- and &residues are not resolved 
for class II (m = 3) dextrans, the following, normalization approach was employed 
for comparing resonance 5 to resonance 7. Methylation-fragmentation-analysis data 
indicated that n = N 0.1 for dextran B-742 fraction S, and so the anomeric resonances 
of the spectrum of this polysaccharide were normalized on the basis that resonance 7 
contained a 10% contribution (by peak height or by area, respectively) from the 
small proportion of Z-residues present. Therefore, in Table II, the resonance-intensity 
ratio (0.89 for peak height, and 1.53 for peak area) was subtracted from the resonance 
intensity ratios for each of the other polysaccharides (either the ratios of the peak 
height or of the peak area), and the value of 0.1 was then added to this value in order 
to give a normalized, n value. In general, there is a good correlation between the 
degree of branching obtained by the two methods, especially if the value n = -8 
(the tri- to di-methyl ether ratio) is employed for the value of n, as established by 
g.l.c.-m.s. for dextran B-1351 fraction S. 

Ito and Schuerch24 have recently reported the ‘3C-n.m.r. spectra of synthetic 
polysaccharides that can be described by 1, m = 3. Their method of synthesis of the 
polysaccharides assures that (a) the polymer has a linear, backbone chain, (b) all 
linkages in the backbone chain are (1+6)-D-linkages, (c) all chain branching occurs 
through 3-O-substitution, and (d) each side chain is only one residue long. Within 
the limitations of somewhat different recording-conditions (the synthetic polysaccha- 
rides were studied at ambient temperature), it would appear that the diagnostic 
chemical-shifts of the synthetic dextrans and of the dextrans in Table II (except for 
dextran B-l 149 fraction A) are identical. 

Such spectral identity of natural and synthetic polysaccharides is advantageous 
for two reasons. Firstly, the spectral similarity of these two groups of compounds 
supports our suggestion that the natural class I (m = 3) dextrans have backbones 
composed exclusively of (146)-cc-D-linked residues, and side chains that are only 
one residue long. Secondly, such a spectral similarity, especially for highly branched 
polysaccharides (n = -l), indicates that the natural polysaccharides can have the 
b-residues well distributed throughout the backbone chain. Although the previously 
studied dextrans of this series have been described as “structurally homogeneous”, 
as they could not be analytically fractionated, it is, nevertheless, difficult to prove 
that such polysaccharides are not mixtures (in different proportions) of a highly 
branched and a linear polysaccharide, or that these natural dextrans are not “block” 
polymers composed of long segments of unbranched residues followed by long 
segments of branched residues. Technically, it would be possible to reproduce all 
spectra in Table II and Figs. 1, 2, and 3 (except for dextran B-l 149 fraction A) 
by employing solutions containing different percentages of dextran B-742 fraction S 
and dextran B-1254 fraction L[$], although such a mixture could be detected by 
analytical fractionation. Therefore, when dealing with the lack of an observable 
“neighboring-residue effect” for these Class I dextrans, it was necessary to consider 
the possibility that these natural dextrans were “block’‘-type polymers, and, therefore, 
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no neighboring-residue effect need be expected. However, the spectra of the synthetic 
dextrans confirm the hypothesis that the b-residues could be well distributed through- 
out the structures of the various class I (m = 3), natural dextrans. 

The data in Table II further confirm previous observations and resonance 
assignments’ that were made for class I (m = 3) dextrans, and that were primarily 
based on data for dextran B-742 fraction S. Spin-lattice, resonance-relaxation 
measurements (TTbs) were performed on dextran B-l 142 (see Table II), and these 
results, both in terms of absolute values and relative order of magnitude, are in close 
agreement with those of the corresponding resonances observed in the spectrum of 
dextran B-742 fraction S. This close agreement further confirms the accuracy of the 
Tybs values of the former compound (see ref. l), and also indicates that the absolute 
magnitude of the qbs values of polysaccharides are essentially independent of small 
changes in solvent properties that are encountered in preparing aqueous solutions 
(e.g., differences in amounts of trace metals and dissolved oxygen). The bacterial 
strains B-742 and B-l 142 are closely related, and the origin of these strains has previ- 
ously been discussedg. 

TABLE IV 

CHEMICAL SHIFTS FOR ‘3c-N.hLR. SPECTRA, AT 34”, OF DEXIRANS CONTAINING (l-+3)-b-D-LINKAGES= 

Dextran 

B-1191 B-1139 B-523 B-523 b 

s 
AcqttisitionF 

S A (cuhre) A (cuhre) 

57 52 26 50 42 

Af 

B 

C 
D 
E 

5d 
7 

11 
16 
17 
22 
24 
27 
29 

F 32 
33 

100.29= 
98.71 
81.55 
74.38 

72.40 
71.16 
70.52 
67.54h 
66.55 
61.33 

100.24 100.23 
98.67 98.67 
81.53 81.55 
74.35 74.36 
73.88~~ 73.86 
72.70s 73.13 
72.38 72.37 
71.13 71.14 
70.51 70.52 

66.54 66.58 
61.39 61.35 

101.30 
98.68 99.17 

83.33 
74.36 75.09 

73.48s 
72.37 72.83 
71.17 71.57 
70.53 71.02 

66.58 66.86 
61.45s 62.13 

58.43’ 

“The spectra are expressed in p.p_m_ relative to tetramethylsilane. “This spectrum was recorded at 
pH N 14. CAcquisitions in thousands. dThese numbers were assigned in ref. 1, and are referenced to 
resonances in Fig. 4. CData taken from ref. 4. JThe letters A through F designate the ma_jor resonances 
of linear dextran (see ref. 4). BThe letter s designates a shoulder, or weak resonance. hA resonance 
not observed in later determinations. ‘An impurity arising from the addition of base. 
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In addition, Tzbs values for the anomeric 
resonances (resonance 5) that have been identified as being associated with the t- 
residues of both dextran B-742 fraction S and dextran B-1142 further suggests that 
most, if not all, of the spectroscopically observable side-chains of dextran B-1142 
are only one residue long. The extremely highly branched structure of dextran B-742 
fraction S requires a structure principally composed of side chains that are one 
residue long The magnitude of the TI value of a given resorknce is essentially de- 

pendent on the degree of freedom of the carbon-atom position associated with that 
resonance_ Were the side chains of dextran B-l 142 more than one residue long, their 
associated t-residues would have an average degree of freedom greater than that of the 
t-residues of dextran B-742 fraction S. These differences in degrees of freedom 
between the terminal residues of the two polysaccharides would then be reflected in 
the Tybs values of the resonances associated with the anomeric positions of the t- 
residues of these dextrans, an effect not observed (see Table II). 

B -1191 
27\(, s29 

B-523 A 
7 

pH 14 

B-1139 9 
7 

29 

B-523 A pH 7 ‘; If 

I I 

105 56 105 5s 
p. p.m. p. p. m. 

Fig. 4. ‘SC-N.m.r. spectra, at 34’, of dextran B-1191, dextran B-1139 fraction S, and dextran B-523 
fraction A (at pD 7 and at pD - 14). (The number of acquisitions for each spectrum is listed in 
Table IV, and the identifying resonance-numbers are referenced to the resonances in Table IV.) 
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Additional spectra were recorded at 34” (see Table IV and Fig. 4) for dextran 
B-l 191 and Dextran B-l 139 fraction S, and these spectra are quite similar to previous 
dextran spectra2*5s8 recorded at 34 o (see ref. I for a discussion ofambient temperatures 
of 27” and 34*). The latter spectra allow comparison of the class I dextrans to other 
dextrans described in the following section. Spectra recorded at 34 “, compared to 90 O, 
have less resolution, and require -5 times the number of acquisitions to afford 
similar, si&aI-to-noise ratios. 

Class ?ZZ dextrans 
Data for dextran B-l 149 fraction A and dextran B-523 fraction A are included 

in Tables II and IV, and Figs. 2, 3, and 4. However, although these two dextrans 
are fundamentally composed of (1+3)-a-D- and (I +6)-a-D-linkages, evidence has 
slowly accumulated that there exists a remaining set of dextrans, as yet not discussed 
in this series on unusual dextrans, and that these two dextrans are members of this 
group. Commencing with the acquisition of structural and physicochemical data on 
a general collection6 of dextrans, it became apparent that there exists a sub-group 
of dextrans that are relatively insoluble, and that contain moderate to large pro- 
portions of “1,3-like” linkages (see refs. 6 and 7 for a discussion of the term “like”). 
Dextrans could be categorized by use of the i.r. absorption (employing dispersive 
instrumentation) at 793 cm-’ (designated, Type II Infrared) into groups containing 
1,3-like linkages6. However, the insoluble dextrans, known by periodate-oxidation 
studies to contain 1,3-linkages, contain an additional, i.r. band at 822 cm-‘; one 
member of this group, dextran B-l 149 fraction A, was found by periodate-oxidation 
analysis to contain a large proportion of 1,3-like linkages (-40 ‘%) and to give an 
i.r. band at 822 cm-‘, but not at 793 cm -‘. Therefore, the i.r. band at 822 cm-’ 
appeared to have some relationship to the low solubility of dextrans, but not neces- 
sarily a direct relationship to the total, 1,3-like-linkage content of these dextrans. 
The sample of dextran B-523 fraction A studied herein is the same as the material 
previously studied by periodate-oxidation analysis, and reported without the fraction 
designation (see Tables I and III of ref. 6). Compared to the other dextrans examined 
herein, dextran B-523 fraction A is very difficult to dissoIve, or disperse, in an aqueous 
solution at concentrations required for the recording of 13C-n.m.r. spectra. 

Dextran B-523 fraction A, in deuterium oxide, at pD 7 and ambient temperature, 
forms a white paste, and it is possible to record for this compound (see these data, 
at pD 7, in Table IV and Fig. 4) a ‘3C-n.m.r. spectrum that indicates an essentially 
linear dextran. However, when the pD of this solution is adjusted (with NaOD) to 
- 14, the spectrum (see the data, at pD - 14, in Table IV and Fig. 4) now contains 
resonances diagnostic of (l-+3)-a-D-linkages, and the dispersion is clear, although 
extremely viscous. The chemical shifts associated with the major (A through F) 
resonances are displaced dowfield (by - 1 p.p.m.) from the values observed at 
pD 7, an effect previously discussed by Colson et aZ.*’ and similar to that caused by 
elevating the recording temperature, causing difficulty in making precise comparisons 
of the diagnostic chemical-shifts of this spectrum to those of the other spectra in 
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Tables II and IV. In contrast to elevating the recording temperature, which narrows 
the resonances and improves the spectral resolution, an increase of the pD of the 
solution slightly broadens the resonances and results in spectral resolution similar, 
or slightly inferior, to that at pD 7. When the pD of the solution was readjusted to 7, 
a flocculent precipitate resulted, and the sample gave a weaker 13C-n.m.r. spectrum 
which, again, contained no diagnostic, nonlinear dextran resonances. We conclude 
that this weak, linear-dextran spectrum of the solution of dextran B-523 fraction A 
at pD 7 results from either (a) a small proportion of a linear dextran associated with 
the major component of dextran B-523 fraction A, or (b) relatively linear segments 
of dextran B-523 fraction A, which, after neutralization, remain sufficiently solvated 
to yield a spectrum. The relative intensities of the diagnostic resonances of dextran 
B-523 fraction A are in general accord with the percentage (24%) of 1,3-like linkages 
as established by periodate oxidation6. For example, the ratio of the peak heights 
of resonance 5 to resonance 7 of the spectrum of dextran B-1191 (14%, 1,3-like- 
linkage content by periodate oxidation) at pD 7 (see Fig. 4) is -27, whereas the 
corresponding resonance-intensity ratio for the spectrum of dextran B-523 fraction A 
at pD N 14 is -0.24. 

The examples of class I and class II dextrans that we have studied can be 
dissolved, or, more accurately, dispersed, in aqueous medium at 90” without the use 
of a strong base, to yield clear or opalescent solutions, or dispersions, at high (- 100 
mg/mL) concentrations. Solubillty differences, as defined by the percentage of 
ethanol needed to precipitate a given dextran from an aqueous ethanol solution5, 
do exist for these class I and class II dextrans, and the ability to obtain well resolved, 
‘3C-n.m r spectra for such solutions is evidence of the extensive solvation of these . . 

polymers. in contrast, attempts to disperse those polysaccharides that yield spectra 
containing the 822-cm- 1 band in neutral aqueous solution (at 25-95’) result in 
either a solvent filled with flocculent precipitate, or a white paste. 

We therefore propose an additional category of dextrans, the class III dextrans, 
which can operationally be defined to include any dextran that gives an i-r_ spectrum 
containing an identifiable band at 822 cm- ‘_ It is probable that such a class of 
dextrans has a close, structural relationship to the insoluble D-glucans produced by 
various strains of Streptococcus mutans, which are known to be (1+6)-a-D- and 
(1+3)-a-D-linked, and also to give2 g*30 i-r. spectra having bands at 822 cm-‘. 
Representative examples of class III dextrans (as designated by b in Table III of 
ref. 6) and of insoluble D-glucans from S. mucans (as listed in Table I of ref. 30), 
displayed essentially the same solubility properties; that is, it was not possible 
to dissolve, or disperse, these polysaccharides in neutral, aqueous solution at con- 
centrations approximating the minimal requirements (N 5 mg/mL) for ‘3C-n.m.r. 
spectrometry. However, these class III dextrans and the D-glucans from strains of 
S. mrttans can be dissolved in dimethyl sulfoxide, or in aqueous solutions at high pH. 

One member of the group of insoluble dextrans, dextran B-1149 fraction A, 
displays solubility properties at variance with those of the other members of the 
group. Dextran B-l 149 fraction A is relatively insoluble in water at room temperature, 
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2nd exhibits an i-r. spectrum containing the 822-cm-’ band. However, in contrast 
to the other insoluble dextrans discussed in ref. 6, dextran B-l 149 fraction A displays 
no 793-cm-’ band in its i-r. spectrum; furthermore, when the temperature is in- 
creased, this dextran fraction dissolves, yielding an opalescent solution similar to 
that of dextran B-l 142 or of dextran B-l 191. The recording of the 13C-n.m.r. spectrum 
at 90° of dextran B-l 149 fraction A proceeds differently from that of the other poly- 
saccharides listed in Table II; little detail can be observed in a spectrum at 4,000 
acquisitions, the diagnostic resonances cannot be readily observed at 16,000 acquisi- 
tions (see Fig. 2), and only at -200,000 acquisitions (see Fig. 5) can the diagnostic 
resonances in this spectrum be readily observed. Three interesting features are 
observable in this spectrum of dextran B-1149 fraction A. Firstly, the 13C-n.m.r. 
spectrum indicates a polysaccharide having a greater contribution of linear-dextran 
character than the corresponding, periodate-oxidation data suggest [these indicate a 
large percentage of (l-+3)-like linkages]. Secondly, although the major, diagnostic 

B-1149 A 

7 

57 
p. p.m. 

I L 
A 

69 
p. p-m. 

Fig. 5. The 13C-n.m.r. spectrum, at 90“, of dextran B-l 149 fraction A at 208,000 acquisitions, and 
the expanded 69-90-p.p.m. region of the same data. (Ail data were processed by c.d.r.e. before 
plotting. The identifying resonance-numbers are referenced to the resonances in Table II.) 
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resonances, designated resonance 5 and 1 la in Table II and Fig. 5, are similar to 
diagnostic resonances observed for (l-+3)-cr-D-linkages in class I (m = 3) and class 
II dextrans, they are not the same; resonance 5 (100.96 p.p.m.) is slightly outside the 
iimits of the resonance centered at 100.88 p-p-m. for class I (m = 3) dextrans, and 
resonance lla (83.49 p.p.m.) is clearly displaced from the diagnostic resonance at 
82.84 p-p-m_ of the class I (m = 3) dextrans. Both resonance 5 and resonance lla 
also differ from the diagnostic resonances of the (l-3)-cc-D-linkages associated with 
class II dextrans”. Thirdly, the spectrum shows weak, but well defined, resonances 
associated’ with 2,6-di-U-substituted a-D-ghICOpyranOSy1 residues (resonances at 
77.71, 97.29, and 98.16 p-p-m_)_ Therefore, based on data from dextran B-l 149 
fraction A, it may be anticipated that, if such class III dextrans can be solubilized 
at 90” (aqueous conditions), the 13C-n.m.r. spectra of these compounds will contain 
diagnostic resonances at -83.49 and - 100.96 p.p.m. 

At present, we are uncertain as to why the diagnostic resonances of the 13C- 
n.m.r. spectrum of dextran B-l 149 fraction A are so weak, relative to the six resonances 
(A through F) associated with linear dextran. For example, the ratio of the resonance 
peak-heights for resonance 16 to resonance 1 la (for the data set as plotted in Fig. 5) 
is - 16, and, even when a correction factor of - I/3 is applied, owing to the lessened 
intensity of resonances in the 75-85-p-p-m. region (see ref. l), such a diagnostic, 
resonance intensity would indicate an upper limit of t20% of (1+3)-linkages, in 
contrast to an - 40 % content of (143)-like linkages indicated by periodate-oxidation 
analysis. Similarly, the areas of the anomeric resonances for the data set plotted for 
dextran B-l 149 fraction A in Fig_ 5 are present in the proportions of: peak 5, 7, 8, 
9: 3.6, 24.8, 1.0, 1.2, which would indicate linkage ratios of (1+2)-, (143)-, (l-+6)- 
linkages: 1, -4, 25. 

It is of interest to establish the structural feature that these class III dextrans 
have in common, and that gives rise to the singular, i-r. band and13C-n.m.r. resonances 
of this group. The structural feature common to the class III dextrans may be identfied 
by several methods. Firstly, the chemical shifts of the 13C-n.m.r. resonances associ- 
ated with 3,6-di-O-substituted U-D-glucopyranosyl residues and with noncontiguously 
linked, 3-mono-O-substituted a-D-glucopyranosyl residues15 have been well estab- 
lished. As periodate-oxidation data indicated a large percenrage of 1,3-like linkages 
for dextran B-1149 fraction A, and as the ‘3C-n.m_r_ spectrum of this compound 
excludes major contributions from structures associated with class I (m = 3) dextran 
or class II dextran, an obvious alternative remaining consists of a structure composed 
of segments of contiguously linked, (1+3)-U-D-linked residues, and, consequently, 
also of segments of contiguously linked, (1+6)-or-~-linked residues. Such a structure 
would be expected to give a ‘%-n.m.r. spectrum showing a major contribution from 
linear-dextran resonances, as does the spectrum of dextran B-1149 fraction A. 
Secondly, we have found, and will discuss in detail elsewhere*, that the 822-cm-l 
band of the i.r. spectrum is present only when contiguously linked, (l-+3)-linked 

*F. R. Seymour and R. L. Julian, unpublished results. 
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a-D-glucopyranosyl residues are present. Such a conclusion is based on the presence 
of the 822-cm-’ band in the i.r. spectrum of pseudonigeran (a D-glucan that is 
principally composed of contiguously linked, 3-mono-O-substituted, a-D-gluco- 
pyranosyl residues), and the absence of this 822-cm-’ band from the i-r. spectra of a 
variety of D-glucans known to contain (1 -+3)-a-D-linkages but not to contain such 
linkages in contiguously linked sequences_ On this basis, it is, therefore, concluded 
that the distinguishing, structural feature of class III dextrans is the presence of 
analytically significant percentages of contiguously linked, (l-3)-a-D-glucopyranosyl 
residues. 

The data obtained for dextran B-l 149 fraction A are unusual with regard to 
the other dextrans; although the results of the various methods of structural analysis 
arc in accord with regard to the identity of the structural features present in this 
polysaccharide, they do not agree as regards the percentage of nonlinear-dextran 
contained_ Periodate-oxidation analysis originally indicated a high (- 40 %) content 6 
of 1,3-like linkages for dextran B-l 149 fraction A. Scott et aL31 employed structural 
analysis by use of the optical rotation of cuprammonium complexes of dextrans, 
and also concluded that dextran B-l 149 fraction A contains large (-40 %) percentages 
of 1,3-like-linked residues_ The cuprammonium-complex technique yielded data for 
dextran B-l 149 fraction A (and also for dextran B-1355 fraction S) that could most 
readily be interpreted by assuming that a large fraction of the 1,3-linkages in these 
polysaccharides results from 3-mono-O-substituted residues, rather than 3,6-di-O- 
substituted residues (estimated at - 70 % of 3-mono-O-substituted residues for 
dextran B-l 149 fraction A)_ However, the cuprammonium-complex method has been 
but little used for 1,3-linkage determinations, and it is difficult to evaluate the accuracy 
of such measurements; for example, this method was able to identify, accurately, 
the presence of 3-mono-O-substituted residues in dextran B-1355 fraction S, but the 
quantitation of these residues differed considerably from the results given by methyla- 
tion-fragmentation analysis. Suzuki and Hehre” applied selective hydrolysis [aceto- 

lysis, which preferentially cleaves (1 -+6)-a-D-linkages] to dextran B-l 149 fraction A, 
and obtained the disaccharides kojibiose (4.4 %) and nigerose (6.4 %), with an overall 
recovery of 59% of the total sugar fragments. Such data set lower limits on the 
percentage of 2-O-substituted residues (the nigerose indicating - 3 % of such residues); 
however, as cleavage of non-(146)-linkages can occur, such data do not set upper 
limits for the percentages of the 2- or 3-O-substituted residues. However, in terms 
of the relative intensities of the diagnostic resonances, the i3C-n.m.r. spectrum of 
dextran B-l 149 fraction A indicates a polysaccharide having a relativeiy‘low content 
(-10%) of non-(1 -+6)-linkages. Such ‘3C-n.m.r. data accord with the solubility 
properties of dextran B-l 149 fraction A, which are more similar to those of linear 
dextran than to those of the other, class III dextrans, and with the relatively weak, 
i-r. band at 822 cm-l (compared to the intensity of the same band for pseudonigeran) 
in the spectrum of this polysaccharide. 

Therefore, the periodate-oxidation data and the ‘3C-n.m.r. data are not in 
agreement with regard to the 1,3-linkage content of dextran B-1149 fraction A, and 
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Relationships between the D-glucans produced by strains of L. mesenteroides and 

S. mutans 

It has been recognized for some time that a general relationship exists between 
the structure of the polysaccharides produced by certain cariogenic strains of Strepto- 

coccus mutans and the dextrans produced by Leuconostoc mesenteroides3’. In re- 
cognition of the fact that the polymers, especially the insoluble polymers, produced 
by strains of S. mutans contain significant, or predominant, percentages of (1 +3)-U-D- 
linkages, recent discussionsz5*2g of these polysaccharides have employed the term 
“D-glucan” rather than the term “dextran”. However, the relationship between the 
insoluble dextrans, which we now describe as class III dextrans, and the insoluble 
D-glucans produced by S. mutans has been noted by Meyer et aL30, specifically with 
regard to the 822-cm-’ band of the i.r. spectrum. The literature contains several 
observations that suggest that the species of S. mutans and L. mesenteroides are more 

similar than the nomenclature might indicate. The genera Streptococcus and Leuco- 
nostoc are close, both being members of the family Streptococcacea33. The strains 
comprising both L. mesenteroides and S. mutans show considerable diversity, as 
demonstrated in this series of reports with regard to the extracellular polysaccharides 
produced by different strains of L. mesenteroides, and as reviewed by Coykendall 
with regard to the general diversity of the properties associated with various strains 
of S. mutans. 

Despite this diversity within the strains comprising L. mesenteroides and S. 
mutans, these strains have several properties in common. Firstly, both sets of bacterial 
strains can employ sucrose as the substrate 32*35 Secondly, both sets of strains can . 

produce extracellular, or interstitial, dextrans; strains of L. mesenteroide.9 produce a 
characteristic slime when cultured33, and essentially all of the strains of S. mutans 
that have been studied produce a hard mass of extracellular, insoluble dextran, “a 
property unique for these strains when compared to other strains of Streptococci” 
(ref. 35). Thirdly, strains of both S. mutans and L. mesenteroides often produce levans 
in conjunction with the production of dextrans. L. mesenteroides and S. mutans are 

certainly not identical, and the species differ in several respects, including details of the 
enzyme systems that produce the extracellular D-glucans; for example, a recent, 
comparative study of these species shows both differences and similarities3 6. However, 
in view of the extensive parallels that have been observed for the polysaccharides from 
L. mesenteroides and S. mutans, it is possible that elucidation of the structure of the 
polysaccharides produced by strains of one of these species may indicate the structural 
features of the corresponding polysaccharides produced by other species. For example, 
studies have indicated the existence of contiguously linked, 3-mono-U-substituted, 
a-D-glucopyranosyl residues as a major, structural component of the insoluble 
D-glucans produced by S. mutans, and degradative enzyme-studies’ 6*2g~30*37 have 
also suggested that these contiguously linked, (1+3)-a-D-linked residues comprise 
the backbone chain of these polysaccharides, the remaining, (1+6)-D-linked residues 
constituting side chains. 

Alternatively, it is possible that the similarities noted between the D-glucans 
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produced by strains of S. mutans and L. mesenteroides are merely fortuitous. However, 
it may be noted that strains from both these species have a predilection to produce 
D-glucans that have a wide range of physicochemical properties, and that are based 
on (l-+3)- and (146)-cr-D-linkages. The apparent elegance and simplicity of employing 
only two types of linkages for these polymer structures can produce confusion if the 
physicochemical properties of the polymers are discussed in terms of linkage types 
instead of residue types. For example, as a result of investigations on D-glucans from 
strains of S. mutans, Ceska et ak3* concluded that D-glucans similar to dextran 
become less soluble as the proportion of (1+3)-@D-linkages increases; such an 
observation would appear to be the converse of our observation that dextran solubility 
increases as the percentage of non-( l-+6)-a-D-linkages increases5. However, Ceska 
et al. were studying variants of dextran containing contiguously linked, 3-mono-O- 
substituted, a-D-glucopyranosyl residues, whereas, with a single exception, our 
examples were class I dextrans. In general, strains of both L. mesenteroides and S. 
mutans produce insoluble D-glucans that are based on the incorporation of contigu- 
ously linked, 3-mono-O-substituted residues into a dextran-like structure (class III 
dextrans), and produce soluble D-glucans based on the 3,6-di-O-substituted residue 
incorporated into a dextran-like structure, although strains of L. mesenteroides can 
also incorporate (l-2)- and (1+4)-a-D-linkages into the soluble dextrans. 

The foregoing, solubility-to-structure relationships are a logical development, as 
(a) linear homoglucans tend to be insoluble, and (6) linear dextran is an exception. 
The solubility of dextrans, relative to that of other homoglucans, results from intra- 
saccharide linkages through the primary alcohol (O-6) position of the D-glucopyrano- 
syl residues (see ref. 39, and references cited therein) which allow a large number of 
minimum-energy conformations. Therefore, the introduction of branching residues 
into a dextran decreases the order of the molecule, and provides a greater number of 
minimum-energy conformations, resulting in greater solubility, whereas, conversely, 
the introduction of segments of contiguously linked, 3-mono-O-substituted residues 
into a dextran lessens the number of minimum-energy conformations of the polymer, 
resulting in a product having solubility properties approximating those of pseudo- 
nigeran. However, not only must the nature of the O-substitution of the individual 
residues be considered, but also the relative positions of such O-substituted residues 
(e.g., alternating, 3- and 6-mono-O-substituted residues of class II dextrans result 
in quite soluble polysaccharides). Finally, it may be observed that, although consider- 
able diversity exists in the structures of the D-&cans that have been studied, and that 
are produced by a wide variety of strains of L. mesenteroides, there is little, if any, 
evidence of similar polysaccharide systems in this set of D-&cans that employ either 
(1+2)- or (1 -+d))-a-D-hkageS to produce both soluble and insoluble variants of the 
linear-dextran structure. 

EXPERIMENTAL. 

Materials. - Previously prepared dextrans6 and dextran fractions4’ were used. 
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Dextran B-523 fraction A and dextran B-1149 fraction A are the same materials as 
had previously been described without a fraction designation. 

Methods. - Previously described methods were used for the methylation3 of 
the dextrans and for structural analysis 2*41 by combined g.l.c.-electron-impact, 
mass spectrometry of the peracetyIated aldononitriles. For each permethyIation, 
three successive Hakomori42 methylations were employed on an initial sample 
(40 mg), with --‘90x (final) weight recovery of each permethylated dextran. Formo- 
lysis and successive hydrolysis with acetic acid were employed, and, after each step, 
the resulting solutions were clear, colorless, and free from suspended material. All 
mass spectra were recorded with a Hewlett Packard 5980A GC/MS integrated g.l.c.- 
m.s.-computer system. The g.1.c. peak-integrals reported in Table III were obtained 
with a Barber-Coleman Series 5000 g.l.c. instrument equipped with hydrogen-flame 
detectors. On-coIumn injection, with glass columns (2 mm i.d. by 1.23 m), was 
employed for all such chromatography. 

The “C-n.m.r. conditions, and methods for the preparation of dextran samples 
have been described4*5. In general, a Varian XL-100-15 spectrometer equipped with 
a Nicolet TT-100 system was employed in the Fourier-transform mode. The dextran 
samples (-0.1 g/3 mL of deuterium oxide) were maintained at 90”. Chemical shifts 
are expressed in p-p-m. relative to external tetramethyIsilane, but were actuahy 
calculated by reference to the solvent lock-signal. The convolution-difference, reso- 
lution-enhancement (c.d.r.e.) technique has been described2*. However, the relative, 
anomeric peak-areas employed in Table III were taken from data that were not 
processed by c.d.r.e. The techniques for obtaining Tybs values have been described’. 
For dextran B-l 142, 20 spectra (4,096 acquisitions for each spectrum) were recorded 
at delay intervals of 1 ms to 30 s, with each successive, delay-time approximately 
twice as long as the previous delay. 
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