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ABSTRACT
WITTNER, MASAKO K. (Presbyterian-St. Luke's Hospital, Chicago, Ill.), AND JAMES

A. HAYASHI. Studies of streptococcal cell walls. VII. Carbohydrate composition of
group B cell walls. J. Bacteriol. 89:398-402. 1965.-Group B streptococcal cell walls
contain 63% protein, 10% rhamnose, 18% hexose (mainly galactose, but also some
glucose), 7% hexosamine (mainly glucosamine, but also galactosamine), and 3% mu-
ramic acid. The group and type antigens were extracted from isolated cell walls by acid
treatment and enzymatic hydrolysis, and fractionated either with ethanol or on a
diethylaminoethyl-cellulose column. Serological and chemical analyses of the frac-
tions obtained in the two fractionation methods show that the group antigen is a
rhamnose-rich polysaccharide and that the type antigen is rich in galactose and con-
tains hexosamines.

Group B streptococci (Lancefield, 1933), which
are primarily bovine in origin, may be subdivided
into four types by serological means (Lancefield,
1934, 1938). The group and type antigens have
been shown to be polysaccharide in nature
(Lancefield, 1938).

Investigations of the chemical composition of
cell walls (Cummins and Harris, 1956; Slade and
Slamp, 1962) have shown that the group B cell-
wall carbohydrate constituents include rhamnose,
glucose, and galactose, and the hexosamines
glucosamine, galactosamine, and muramic acid.
The amino acids alanine, lysine, and glutamic
acid, which are characteristic components of the
cell-wall mucopeptides of streptococci (Cummins
and Harris, 1956), are also present in group B
cell walls in large amounts.

This paper describes further studies on the
chemical composition of group B cell walls. The
group and type polysaccharides have been ex-
tracted from these cell walls and separated by
chemical fractionation. The group activity has
been found in association with a rhamnose-rich
polysaccharide, and the type activity, with a
polysaccharide rich in hexose, predominantly
galactose.

MATERIALS AND METHODS
Organisms used and preparation of cell walls.

The group B streptococcal strains used were ob-

1 Taken in part from a thesis submitted in
partial fulfillment of the requirements for the
M.S. degree in the Graduate College, University
of Illinois College of Medicine.

tained from the American Type Culture Collec-
tion and included the following strains: 12400
(type Ia, strain 090), 12401 (type Ib, strain H36B),
12973 (type II, strain V8), and 12403 (type III,
strain D136C[3]). All strains were grown on Todd-
Hewitt medium, following the method of Barkulis
and Jones (1957), and cell walls were prepared by
the method of Shockman, Kolb, and Toennies
(1957), as modified by Hayashi and Walsh (1961).
Cell walls were treated with crystalline trypsin,
as described previously (Hayashi and Barkulis,
1959).

Analytical methods. Nitrogen was determined
by a modified Nessler's reagent after digestion
and distillation (Umbreit, Burris, and Stauffer,
1959). Methylpentose was measured by the
cysteine-sulfuric acid method (Dische and Shet-
tles, 1948), and hexosamine, by the method of
Dische and Borenfreund (1950). Muramic acid
was assayed by the same hexosamine method after
its separation from glucosamine and galactosamine
by the ion-exchange method of Strange and Dark
(1956), by use of the factor of 0.55 for the relative
color value of muramic acid compared with gluco-
samine. D-Glucose was assayed with a commercial
glucose oxidase preparation (Worthington Bio-
chemical Corp., Freehold, N.J.).

Total sugars were measured by the indole
method of Dische, as described by Ashwell (1957).
The relative color values of several sugars were
measured, and, on a weight basis, the following
values were found: L-rhamnose hydrate, 1.00;
D-galactose, 0.70; D-glucosamine hydrochloride,
0.06; and D-glucose, 0.75.

Paper chromatograms were run in a one-di-
mensional, ascending system with use of butanol-
acetic acid-water (12:3:5) or ethyl acetate-acetic
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acid-water (3:1:3), and the spots were made
visible with aniline hydrogen phthalate or Elson-
Morgan sprays (Smith. 1960). Recrystallized
samples of commercially available sugars were

used as reference compounds. A muramic acid
reference sample was obtained from group A
streptococcal cell walls by acid hydrolysis and
fractionation on a Dowex-50 column (Hayashi
and Barkulis, 1959) and on a Dowex-50-phosphate
column at pH 6.5 (Strange and Dark, 1956).

Serological methods. Group and type antisera
were obtained by immunizing rabbits intramuscu-
larly with whole formalinized cells in saline or

cell walls in incomplete Freund adjuvant, follow-
ing procedures described previously (Hayashi
and Walsh, 1961). Assays for serological activity
were made by use of tube precipitin tests (Lance-
field, 1947).

RESULTS
Chemical analyses. The results of analyses of

group B cell walls are shown in Table 1. These
results indicate that group B streptococcal cell
walls contain 10% rhamnose, 18% hexoses
(mainly galactose, but also a small amount of
glucose), and about 9% hexosamine, which is
mainly glucosamine, although some galactos-
amine was detected on paper chromatograms.
Group B streptococcal cell walls are, therefore,
similar in chemical composition to other strepto-
coccal cell walls.

Separation of antigens by ethanol fractionation.
Lancefield (1934) separated the group and type
antigens by fractionation with ethanol, and

showed their carbohydrate character. The same
method was used in this study, with some slight
modifications, to effect a separation of the group
and type antigens.
Group B type II cell walls (449 mg) were sus-

pended in 45 ml of 0.9% saline and the pH was
adjusted to 2.0 with dilute HCI solution. The
suspension was heated in a boiling-water bath,
with stirring, for 10 min. After clarification of
the suspension by centrifugation, the residue was
re-extracted, by use of 45 ml of the acidified
saline. The two extracts were combined and
adjusted to pH 7.0 with dilute NaOH solution.
A precipitate which formed at this point was
discarded, and 3 volumes of 95% ethanol were
added to the supernatant solution. The resulting
precipitate was separated by centrifugation, re-
dissolved in 50 ml of saline, and reprecipitated
with 3 volumes of ethanol. The supernatant
solution from the first ethanol precipitation was
concentrated in vacuo to remove ethanol, and
then treated again with 3 volumes of ethanol.
The supernatant solutions from the latter two
precipitations were combined, dialyzed against
water, and lyophilized, yielding 51 mg of solid
material, which was unreactive serologically. The
combined precipitates weighed 56.8 mg and
showed both group and type activity.
The serologically active material was dissolved

in 50 ml of saline, and 100 ml of 95% ethanol
were added with stirring. The precipitated ma-
terial (21.2 mg) showed weak group and type

TABLE 1. Carbohydrate composition of group B streptococcal cell wallsa

Wt loss after Toa hmoeTotal Murai Total ToaStreptococcal strains trypsin N otald | hydrate amino acidd hexos| hexosef Glucoseg
treatment adsb hrte sugarc aci amineO xs

Type la
Intact ............. 39.9 10.0 28.0 10.0 9.8 2.9 8.4 18.0 2.4
Trypsin-treated..7.3 48.2 15.9 13.0 5.0 10.6 32.3 3.0

Type lb
Intact ............. 38.9 10.7 27.0 10.2 10.8 3.1 9.1 16.8 1.1
Trypsin-treated-.8.0 45.5 16.9 15.2 5.0 12.8 28.6 1.8

Type II
Intact............. 40.4 10.2 26.9 10.0 11.0 2.9 9.6 16.9 1.9
Trypsin-treated-.7.4 45.8 16.4 15.4 4.8 12.9 29.4 2.9

Type III
Intact ............. 40.1 10.5 28.6 11.0 9.9 3.0 8.4 18.6 1.2
Trypsin-treated .... 7.7 47.9 15.5 12.8 4.9 10.5 32.4 1.0

a Values given as milligrams of component liberated per 100 mg of cell walls except where indicated.
b Analysis by indole method with L-rhamnose as standard.
V\alues as glucosamine hydrochloride.

d By the method of Strange and Dark (1956) and the ratio (color value of 1,4m muramic acid)/(color
value of 1 AiM glucosamine HCl) = 0.55.

e Calculated by: (total amino sugar) - (muramic acid color value) = total hexosamine.
f Calculated by: (column 3) - (column 4) = (column 8).
9 Analyzed by use of glucose oxidase.
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TABLE 2. Carbohydrate composition and serological activity of
from group B type II cell walls

polysaccharide fractions

Serological activity
Polysaccharide fraction Dry wt Sugars presenta carbohydrateb Per cent

Group B Type IL

mg

Ethanol precipitation
Starting materialc 56.8 _ 35.5 30 4+ 3+
71% ethanol-soluble 16.2 4+ 3+
71% ethanol-insoluble 11.2 Galactose 72 0 0 2+

Glucosamine
Galactosamine

DEAE-cellulose
Starting materiald 40.0 10 4+ 4+
Peak I 19.8 Rhamnose 22 14.3 4+ 0

glucosamine
Peak II 11.0 26 1.3 2+ 1+
Peak III 2.5 31 1.1 0 2+
Peak IV 4.3 _ 44 1.1 0 1+

By paper chromatography.
By indole method (Ashwell, 1957).
Prepared by heating at pH 2 (Lancefield, 1934).

d Prepared with use of Streptomyces albus enzyme complex (McCarty, 1952).

activity, whereas the material recove
the supernatant solution (17.9 mg) shou
group and type activity.
Both fractions were combined and

in 10 ml of saline, and the solution wf
with 2.5 volumes of ethanol. The
amounts of solid material were 11.0 mg
supernatant solution and 16.2 mg frorn
cipitate. The supernatant material shov
group B activity with some type II acd
precipitate showed only type activity.
analyses of the type-reactive material
carbohydrate content of 72%, with lit
rhamnose present. Paper chromatograrn

0.4
Optical density

E .......... NaCI gradient
0 0.3

0.2

tO.

0
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Effluent volume (ml.)

FIG. 1. Chromatographic separ ation oJ
group and type antigens of groutp B (

Fractions (5 ml) were collected and 0.1-n

of each fraction were analyzed for to,
(Ashwell, 1957). Carbohydrate comnpc
eadh peak is given in Table 2.

,red from two spots correspondin-, to galactose and glu-
ved strong cosamine.

The results (Table 2) indicate that type ac-
dissolved tivity is associated with a polysaccharide con-
as treated taining galactose and hexosamine, whereas the
resulting group-reactive material has a high rhamnose

r from the content.
a the pre- Ethanol fractionation of cell-wall polysac-
ved strong charides p)repared by the formamide method
tivity; the (Fuller, 1938) gave the same separation of group
Chemical and type activityv.
showed a Separation of group and type antigens on di-
ttle or no ethylaminoethyl (DEAE) cellulose. Further yeri-
as showed fication of the results obtained by ethanol frac-

tionation wvas obtained by using a different
method of fractionation. The polysaccharide
fraction used as starting material was obtained
from a partial hydrolysate of group B, type II
cell walls, by use of S. albus enzyme, a com-
mercial preparation obtained from Consolidated

.........- Laboratories, Inc., Chicago Heights, Ill. (Mc-
Carty, 1952). The polysaccharide fraction (40E0.I mg; 10% carbohydrate) was dissolved in 5 ml

3 of 0.05 M borate buffer (pH 8.5), and added to
Z a column (1 by 20 cm) of DEAE cellulose (Brown

600 Paper Co., Keene, N.H.), equilibrated with the

f extracted same buffer. After the passage of 100 ml of the
cell w.alls buffer through the column, elution was continued
tl portions by imposing a linear gradient of NaCl up to 0.2
tal hexose M over a total volume of 500 ml of the borate
msition of buffer. Fractions (5 ml) were collected, and 0.1

ml from each fraction was analyzed for total
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carbohydrate. An elution diagram is shown in
Fig. 1, and the results of chemical and serological
analyses are given in Table 2. The results in the
table show that group activity is associated with
the rhamnose polysaccharide, and that type ac-
tivity is primarily found in the galactose-rich
fraction.

DISCUSSION
The results of the chemical analyses presented

here confirm that group B cell walls are similar
in composition to other streptococcal cell walls
and cell walls of other gram-positive organisms
(Salton, 1960).
Slade and Slamp (1961) showed by agglutina-

tion tests that the group antigen is found in the
cell walls of streptococci. We have shown by
direct extraction and isolation that the group B
activity is directly associated with a rhamnose,
polysaccharide of the cell wall, and, furthermore,
that the type activity is associated with a sepa-
rate and distinct polysaccharide which contains
a high proportion of hexoses, mainly galactose.
The data presented here do not show, however,
whether these sugars, rhamnose and galactose,
are the primary determinants of the serological
specificity shown by the polysaccharides from the
cell wall. McCarty (1956) has shown that group
A serological activity is found in a rhamnose
polymer containing N-acetyl-D-glucosamine side-
chains, and Krause and McCarty (1962) have
shown that group C activity is dependent upon
galactosamine side-chains on the rhamnose-con-
taining group polysaccharide. A report published
recently (Curtis and Krause, 1964) indicates
that the group B serological reaction appears to
be inhibited specifically by solutions of the mono-
saccharide L-rhamnose. The present data, show-
ing that the group antigen is rich in rhamnose,
are consistent with the serological data, indicating
that rhamnose is the serologically determinant
sugar in the group B antigen.
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