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uMMARY Rabbits jinmunized \\, ith M. ly, sodeikti'c!, s cells produced antibodies
which reacted \\, it11 a polysaccharide of the organism containing glucose and A1-

acetyl-mannosaminuronic acid.
The specificity of the antigen-antibody reaction \\, as examined by the quantitativc

precipitation Inhibition assay. Phenyl tr-D-glucopyranoside was a better inhibitor
than the ,8-anomer, and methyl 2-acetamid0-2-deoxy-,-D-mannopyranosiduronate
was a better Inhibitor than the (I-anomer. These results suggest that the antigenic
determinants of the polysaccharide contained (I-linked D-glucop}, ranoside and
13-linked 2-acetamid0-2-deoxy-D-mannopyranosiduronic acid structures.

INTRODUCTION

Polysaccharide containing glucose and N-
acetyl-mannosaminuronic acid (2-acetamido-
2-deoxy-mannuronic acid) was extracted with
formamide or trichloroacetic acid from cell

wall^ of M. tyrod, ,'At^^us by Perkin^ (1963)
it was shown to be composed of alternate
residues of the two sugars, the glucose mole-
CUIes being linked at their 6-position (Perkins,
1963^ ; kan1. ", 1967). H^^. and Musu-
chim^ (1970, 1971, and 1972) .xtr^. red th.
polysaccharide from digests of a cell wall

I To whom correspondence should be addressed.

preparation of the organisms with Iysozyme
or Iysozyme and L-11 enzyme and purified
it by ECTEOLA-cellulose chromatography.
Extensive studies with the purified preparations
showed that N-acetyl-mannosaminuronic
acid residues in the polysaccharide were linked
at their 4-positions and had the D-confi. gura-
tion, and that the anomeric structures of
glucose N-acetyl-mannosaminuronicand

acid were tt- and ,- linkages, respectively.
In the present study rabbit antisera capable

for precipitating with the polysaccharide were
prepared and the structure of its antigenic
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determinant \\, as studied by quantitative pre-
cipitation inhibition assay

!\IATERIALS AND A1ETHODS

I. alitige, ,

TITe preparation of polysaccharide containing
glucose and N-acetyl-mannosaminuronic acid LISed
was the same as that described previously (Hase and
A, Iatsushima, 1972)

2. Alitiser@

Two rabbits (219L and 220L) were irumunized
with formalin-killed cells of Jul. IysodeJ'AtICJ, s strain
P, and two rabbits (222L and 224L) \\, itIT heat-killed
cells. Suspensions of the cells (4 ing dry cellsjml
saline) \\, ere iruected into an ear vein t\\. Ice a \\, eek in
volumes of 0.5,0.5,1.0,1.0,2.0,2.0,3.0,3.0,4.0
and 4.0 inI, respectively. Seven days after the last
injection, blood \\, as taken by cardiac puncture and
sera were prepared by the LISual method. The
iyophilized cells of M. Iysodei'At ICi!s strain P \\, ere
generously supplied by D". I. T. Park, Tufts Uni-
vetsity School of AJIedicine, Boston, Alassachusetts,
USA

gentiobiose (0-, 3-D-glucopyranosy1-(I-, 6)-D-glu-
cose) from Tokyo Chemical Industfj, Co. Ltd. ,
Tokyo

Sodium methyl 2-acetamid0-2-deoxy-,,-D-man-
nopyranosiduronate \\. as synthesized as follows :
methyl 2-acetamid0-2-deoxy- a-D-mannopyranoside
(217 ing) (Beychol{ et a1. , 1971) \\. as oxidized in \\. ater
(40 inI) containing sodium bicarbonate (77.5 rug) by
oxygen gas at 75 C for 41, r in the presence of plati-
num coalyst (99 ing) (H. yn, "rid B. .k, 1957).
\\riten the reaction mixture became about pH 4.5,
the catalyst \\, as removed by filtration or centrifuga-

The clear solution was concentrated to abouttion

0.5 inI and then ethanol (5 inI) \\, as added. The pre-
cipitate \\. as dissolved in a small volume of \\. ater and
reprecipitated \\, itIt ethanol. The colorless pre-
cipitate \\. as \\, aslTed with ethanol and dried in tierwo
over P, 0- and NaOH. The supernatants were coin-
bined, concentrated and subjected to alcohol pre-
cipitation. The total yield was 202 ing. The
material\\as very ITygroscopic and \\. as not crystal-
Iized, but it \\. as shown to be a single component by
thin layer chromatography using Silica gel G (Allerck)
with chloroform-methanol (5 : 10, vjv) as solvent.

M. p. 220 C (Sint. ) ; Iai^'+42.9' (c 0.34,
tcr);I. r. data: L!"! 1560 andi+IOCm~' (ionized
carbox}, I). A1Tal. Calc. for C, Hj, 07 NNa. itHgO
C, 36.24 ; I{, 5.75 ; N, 4.70. Found : C, 36.05 ;
H, 5.69 ; N, 4.34

Sodium methyl 2-acetamid0-2-deoxy-p-D-man-
nopyranosiduronate (82.0 rug) was synthesized from
methyl 2-acetamid0-2-deoxy-, 3-D-mannopyranoside
(98.5 ing) (B. y. h. k at a1. , 1971) in th. coin. way. it
was also hygroscopic and \\, as not crystalIized, but
was sho\^n to be one component by thin layer chro-

mat, grephy. A, I. p. 235-240 C (der, inp ) ; I"l,
-70.7' (c 0.48, wate") ; i. ,. dafu ^ PI:!: 1560 and
I+10 cm~' (ionized carboxyl). Anal. Calc. for CD-
H. O NNa. H, 0 : C, 37.37 ; H, 5.58 ; N, 4.83.
Found : C, 37.71 ; H, 5.65 ; I. ;, 4.73

Hydrolysis of these compounds by treatment with
I N HCl at 100 C for 30 minutes gave mannosamin-

uronic acid \\, hiclt was identified \\, lth authentic
material by paper electrophoresis (Mayer and \\, est-
pha1, 1968) and paper chromatography using Toyo
filter paper, No. SIA and ethyl acetate-pyridine-wa-
ter-acetic acid (5 : 5 : 3 : I, \, Iv) as solvent. Marino-
saminuronic acid, used as a standard, \\, as prepared
from a polysaccllande of A, /. Iysodeiktici!s containing
mannosaminuronic acid, us described by Biely and

3 . Sei'o10gica/ tes!

Quantitative precipitation and quantitative pre-
cipitation inhibition were performed using the LISual
methods (Kabat, 1961). Precipitated protein \\, as
determined by the method of Goodman at a1. (1968)
with the slight modification that the final volume
was 2.0 inI. The precipitin reaction in agar \\. as

carried out by Ouchterlony's double diffusion tech-
nique (Ouchterlony, 1949) \\, itIt Bitcto Special Agar
Noble

+. 171hibitOi S

D-Glucose, 1<0jibiose (0- a-D-glucopyranosyl-(I-,
2)-D-glucose), nigerose (0- a-D-glucopyranosyl-(I-,
3)-D-glucose), maltose (0- a-D-glucopyranosyl-(I-,
+). D-glucose) and ISOmaltose (0- a-D-glucopyrano-
sy1-(I-6)-D-glucose) were the same samples as
those described previously (Sakakibara at a1. , 1972a)
Phenyl a-D-glucopyranoside, phenyl, 3-D-glucopyra-
noside, N-acetyl-D-glucosamine (2-acetamid0-2-de-
oxy-D-glucose), methyl Ar-acetyl- a-D-glucosaminide
and methyl AT-acetyl-p-D-glucosaminide \\, ere ob-
tamed from Nakarai Chemicals, Ltd. , 1<yoto, cello-
biose (0-, 3-D-glucopyranosy1-(I-, 4)-D-glucose) from
\\Iako Pure Chemical Industries, Ltd. , Osaka and

12 BIKEN JOURNAL V01. 16 No. I 1973
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Jeanloz (1969)

RESULTS

I . Precj?272'" yeactt'on

Four antisera were tested with the poly-

222L

219L

o

220L

FIGURE I . Freej*it fit reaction I', a agar of the poly-
sacch@, ide toit/, ,@661t a"tise, @. PS, glareose a, Id N-
orety1-?, 10n"o007/1i, ,"ro"ic acid containing polys@c-
charide, 219L" and 224Lx, preh, jinM, re sera,
219L, 220L, 222L a, Id 224L, anti'sera to M. Iysode, 7e.
tJCt, S.

saccharide by the gel diffusion technique, as
shown in Fig. I. Serum 219L lessgave

precipitate than sera 220L, 222L and 224L,
but the precipitin lines were completely fused.
Preimmune sera did not give any precipitin
line. Similar preparations from strains NRLL
384 and B361 of M. 6, sodez'kit'CMs which was
kindly supplied by Toyo Iyozo Co. also gave
precipitin lines which fused with the line of
the polysaccharide.

2. Quaintt'tatz:ale precjptt, '" re@ctz'0"
The quantitative precipitin curves obtained

with sera 220L and 222L are given in Fig. 2.
The arrows in the figure indicate the equivalent
points at which subsequent inhibition analyses
were carried out. Quantities of antisera which

gave 6-8 Ag of precipitable antibody nitrogen
were used for the inhibition Seraassay.

219L and 224L also gave similar precipitin
curves.
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FIGURE 2. ear@"tit@tit^e prec@iti" CMr"es of poly-
saccharides alith a"tise, a. A, toith ant, 'se, .",, a 220L
(I inI) ,. B, alith antise, ,,"z 222L (I ,"I) ,. , poly-
sacchar, ae containing glucose a"d N-@cety/.,, lait"0.
s@mr"I, Fomic acid, . , dextr@" B7397, . A, K15.
a, ,t, ge" of PI'brio par@hoe, ,101ytit, ,s.
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3. Q"@"tt'tatabe precj?natto" I'mhtbatio"

The major components of the polysaccharide
were found to be glucose and N-acetyl-man-
nosaminuronic acid, so the inhibitory effects
of various compounds related to these two
sugars were tested. The results obtained
with sera 220L and 222L are given in Fig. 3.
With both antisera phenyl orD-glucopyrano-
side was a stronger inhibitor than the p-anomer
and sodium methyl 2-acetamid0-2-deoxy-13-
D-mannopyranosiduronate a strongerwas

inhibitor than the or-anomer. Two or-linked
glucose disaccharides, maltose and nigerose,

were stronger inhibitors than the p-linked
disaccharides, cellobiose and gentiobiose.
Other or-linked glucose disaccharides, koiibiose
and isomaltose, showed the same level of
inhibition as the p-linked disaccharides. N-
acetyl-D-glucosamine and its methyl or and
p- glycosides were also tested and shown to be
less inhibitory than D-glucose.

4. Examt'"@tt'Qin of the cross-reactions colth
dertra" a"d K-75 antigen of 1'267t'0?draft@emob, -
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FIGURE 3 . gnu, 111'1alJbe 1'11h, funo, , by sign, s anti
,Ingnr-den"all'ues of the piec, >!'till reac!1011. A a?Id
B, rel'1/1 seri!, 11 220L a, Id M. Iysodei7e!I'ci, s polysucchn-
ri'de, C UNd D, 001'111 sei'1,111 222L nild M. Iysod"7*-
tJ'c, Is polysacchni, 'ofe, 0, D-gillcose, 0, phenyl "
D-g/Ileopyr0,10side , ., phe"y ,-D-gh, copyra, 1031de ,
A, sod^^,", ,,, ethyl 2-aceta"lid0-2-deoxy- a-D-,, 1,117io-
pyra, 1031V, ,rollate ,' A, sodit, ", 111e!/Iy/ 2-"ce!alli, 'do-2-
ofeo"y-19-D-mall, lopyra, ,o31'din'on ate , @, keyibiose ,
O, 71igerose, ' x, Inaltose, ' A, 1301"altose, ' ,, gent, 0-
hiose, V, cellob, bse, ., N-acely/-D-gillcosn, ,Ihie, .
,, 711et/Iy/ 2-aceta, ,I'd0-2deoxy- a-D-gincopyrn"OSide ,'
6,711ethy! 2-oret@,, lid0-2-deoxy-,-D-gillcopy, o7,031de

The polysaccharide contains relinked glucose
and p-linked N-acetyl-mannosaminuronic
acid, so Its cross-reactions were examined with
dert"an NRRL B1397 (Miy"I at ^I. , 1969)
and 1<-15 antigen of 1'. pal. ahttemolytict, s,
which contains mannosaminuronic acid (Torii
and Kuroda, 1971 ; Sakakibara at a1. , 1972).
As seen in Fig. 2, dextran and 1<-15 antigen
did not cross-react with anti M. 6130deikiz'CMs
serum.
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heterologous rabbit antiserum to Sirepiococcws
15yoge, Ies A variant as well as Itomologous
rabbit antiserum to M. 6130dei'At, 'cars. In the
heterologous system, the inucopeptide portion
was the main antigen, but in the hornologous
system it was not a significant part of the
antigen. The antigenic specificity of the
antigen in the hornologous system was not
identified, as Striphyloccoc"s aure"s UDP-
inuramyl-pentapeptide and inucopeptide were
poor inhibitors and glucose was not inhibitory.

In the present study the polysaccharide was
prepared by a similar method and shown to
consist of mainly glucose and N-acetyl-
mannosaminuronic acid. it reacted with

anti M. b^sodei'AtICUs serum and the precipitin
reaction was strongly Inhibited by D-glucose
and its derivatives. The precipitin reaction
was also strongly inhibited by methyl 2-ace-
tamid0-2-deoxy- p- D - mannopyranosiduronate,
but N-acetyl-D-glucosamine and its methyl
re and ,-glycosides were poor inhibitors.
These results suggest that D-glucose and
N-acetyl-D-mannosaminuronic acid, rather
than inucopeptide, are responsible for the
specificity of the precipitin reaction.

The facts that cr-D-glucopyranosyl

10

Micromoles inhibitor added

100

X

DISCUSSION

R. lion and Park (1969) ^h. wad that an
antigen prepared by digestion of M. 6130deik-
lions cell walls with Iysozyme precipitated with

14
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pounds stronger Inhibitors than the
corresponding ,-anomeric compounds and
that sodium methyl 2-acetamid0-2-deoxy-, a-D-
mannopyranosiduronate was a stronger in-
hibitor than the thanomer, suggest that the
antigenic determinant of the polysaccharide
includes (I-linked D-glucopyranose and 13-
linked 2-acetamid0-2-deoxy-D-mannopyrano~
siduronate residues. This fact is in accordance
with the results of structural studies, which
showed that the glucose and A1-acetyl-man-
nosaminuronic acid residues were bound \\, ith

\\, ere
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