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BIKE\ JouR\AL V01.12.9-15,1969

uMMARY I. 'he preparation of specific antisera to somatic (0) antigen of PI'671b
painhneiiiob, 11'CMs is described. Strains isolated from clinical sources were

analyzed for O-antigen and it was found that strains which could not be typed with
K-antisera could be identified by specific aiTtisera to ten known somatic (0) antigens
(0-I - 0-10) and to 2 new O-antig. us (0-Nl and O-N2) prop. ^. d hare.

INTRODUCTION

Like many, other gram negative rods, F1'61rib
pm'rrhtte, ,1061/1'CMs has the following three anti-
genic components : I) a heat stable somatic
antig, " (0-antig. n) (Satan, I*i, 1963 ; Okad^,
1966; Torii et a1. , 1967; Anwatani, 1967),
2) a capsular or envelope antigen (K-antigen)
(Om. "I at a1. , 1966; Hushim. t, at a1. , 1966)
and 3) a heat labile Ragellar antigen (H-antigen)
(Sakazaki, 1967 ; 1.11watani and Nishimune,
1967). Sitazaki studied the antigenic struc-
ture of F1'6110 pal'riftae"lob^ticws and described
10 0-antigens and 32 K-antigens in this
^perm (Satan^ki, 1965; S"karati, 1967). H,
also recommended 1<-antigen typing for anti-
gen analysis of freshly isolated ,abrio pain-

I TITis study \\, as supported in part by grants from
the ithnistrv of Education and froitt the Annistrv

of \\'elfare of Japan.

htte, 1104'it'CMs, as determination of O-antigen was
impractical as a routine procedure for etiological
investigations. Sakazaki pointed out 3 main
reasons why O-antigen analysis was Impractical

suitable; I)and K-antigen analysis
freshly isolated organisms have abundant K-
antigen, and in the living state they are not
agglutinated by hornologous O-antiserum, 2)

when cultures are boiled atIn some cases

100 C for 2 hours they lose their ability to be
agglutinated by hornologous K-antiserum,
while still not being agglutinated by O-anti-
serum and 3) each 1<-antigen is specific for an
individual O-antigen, for example K-2 and
K-3 antigens \\, ere demonstrated only in the
organisms \\, ith 0-2 antigen (Sakazaki, 1967).

Further reasons \\, hy O-antigen analysis
seems to be impractical are; I) it Is difficult to
get an antiserum for somatic (0) antigen with

was
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a high agglutination titer, 2) cross reactions
were observed, and specific antiserum has not
been prepared, 3) it is complicated to prepare
an agglutinating somatic (0) antigen.

Since 1965, however, many strains which
cannot be typed \\, ith K-antigen have been
isolated from clinical sources and new K-types
have been reported every year.

During antigenic analyses of Pairz'o pal. a-
haei?1061tz'c"s isolated from clinical sources, we
found that more than 4016 of the organisms
could not be typed with K-antigen when
K-antigen analysis alone was available for
determination of their antigenic structures.
Accordingly, a specific antiserum to the soma-
tic (0) antigen was necessary for antigen
analysis of these organisms.

This paper reports the preparation of specific
antisera to the somatic (0) antigen and their
application to antigen analysis of F1b, '20 pm'a-
hne"101ytic"s isolated from clinical sources.
Two new somatic (0) antigens are also pro-
posed.

chloride solution and reheated by steam (100 C) for
one hour' Then the suspension was centrifuged,
resuspended in tl, e same volume of 3 % sodium
chloride solution and reheated by steanT (100 C) for
an additional 30 minutes. Finally, the suspension
was adjusted to a concentration of 40 ing wet weight
of cells per in I of 3 % sodium chloride solution.
This suspension was used as the prepartion of jin-
in unizing antigens

MATERIALS AND AllETHODS

I. Stya, ,is

Ten pilot strains representing the O-antigens
(one for each O-serot}, pe) and two strains isolated
from clinical sources (0-Nl and O-N2) were used
for preparation of specific antisera to somatic (0)
antigens. One hundred and fourty-four strains of
Fib, .io parahuemo/ytici, s isolated at the Public Health
Research Institute of Kobe City, Tol<yo-to Labora-
tones for Medical Sciences and Kanagawa Prefect-
ural Public Health Laboratory, during outbreaks of
food poisoning from 1965 through 1967, were analy-
zed for O-antigen employing the preparations of
specific antisera

3. I'Mmi, ,113at, 'o11 pi'DCedi, re

The immunization procedure was essentially the
same as that described by Burrows at a1. , (1946)
Young rabbits, weighing about 2.5 to 3 kg, were
jinmunized \\, ith a series of 5 inoculations at 4 day
Inter\, als: the first 2 intraperitoneal and the next 3

The doses of cell suspension at eachIntravenous.

inoculation are summarized in Table I. If the

TABLE I . A schedule 101' tm"tuna'gott'on of
labhits goath heat-hawed cell suspensa'on of PI'bra'o
pal. ahnemo!ytt'cos

2. Prepa, at1011 of jin, ,IV, ,, 2111g sowi@tJc (0) oilinge, is

Organisms were grown on nutrient agar containing
3 % sodium chloride, at 37 C for 18 hours, and washed
off with 3 % sodium chloride solution. The cell
suspension \\, as heated by passing steam (100 C)
through it for one how. and then centrifuged at
5,000 x g for 15 miltutes. The resulting precipitate
was suspended in the same volume of 3 % sodium

Inoculation Route of inoculation

2

3

4

5

Intraperitoneal

I Intravenous

a Rabbits \\, eighed 2.5-3 kg

rabbits lost more than 100 g weight, the next in-
oculation was the same as before, but if they gained
more than 100 g. an additional 0.5 inI was inoculated
the next time. A preliminary experiment on the
rise of agglutinin titers in rabbits after inoculation
indicated that this procedure produced an antiserum
with sufficiently higlt titer for. further experiments
(Mi\vatani, 1967). After 5 inoculations, blood was
dra\\, n by 3 successive heart punctures at 3 day
intervals and the serum was separated, pooled and

kept at -20 C until use.
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Dose" (in I)

,,

,,

0.5

1.5

0.5

1.0

2.0

4. PI chaint, 'o11 of "gg/ith'Jiani!g $071iatic (0) dirt, ^elfs

Test strains were grown on nutrient agar slants
containing 3 % sodium chloride at 37 C for 181Tours.
The cells were \\, ashed off wit1,3 q'o sodium chloride
solution and centrifuged at 5,000x g for 15 minutes
They \\, ere then suspended in a small amount of 3 %
sodium chloride solution and heated \\, ith steam at



100 C for one it our. They. \\ ere centrifuged, re-
suspended in 3 % sodium chloride solutioit and ad-
justed to an optical densi^, of 0.3 at 550 in A witl\ a
Goleman Junior spectrophotometer

5. agg/!, 1111/11 ribso, piio, ,

To one \, o1ume of antiserum were added t\\. o
volumes of 3 % sodium chloride solution and two
volumes of iteat-killed cell suspension (100 ntg \\, et

\^eight per inI) prepared by the same method as the
The mixture \\ as incubatedImmunizing antigens

at 37 C for 21tours and then stood overnight at 4 C
The cells were removed by centrifugation at 5,000
x " for 30 minutes, and this super natant \\. as used as
the preparation of absorbed antiserum. 11T some
cases, this absorption \\. as repeated once more to
reduce the agglutinin titers against iteterologous
antigens.

6. Agg/11/11/0110i, jest

The test tube method \\. as employed for the rig-
Antiserunt diluted 1:100 was usedglutination test

for. the test and t\\, o fold serial dilutions \\. ere madc

3 g' sodium c1\10nde solution. To 0.5 ntl of ainti-
serum \\. as added 0.5 inI of the agglutination antigens
and the n\ixture \\, as incubated at 55 C for 16 hours.

The reciprocal of the itIglTest dilution showing a

\, isiblc rigglutinatioit was recorded as tl, e rigglutinn-
tion titer

RESULTS

I. ,ggl"I'llnti'o11 jest ruin! ""ribsoi'bed alitt'seiw
AgglutinatioiT titers of uriabsorbed antisera

of ten pilot strains (0-I-O-10) were examined
using heat-killed (100 C, I hour) cell suspen-
SIons as agglutinating antigens. 'The results
are shown in Table 2. The agglutination
titers of each uriabsorbed antiserum against tlTe
hornologous antigens were higher than 1,600.
Although most agglutination titers against the
heterologous antigens \\, ere lower than 200,
higher titers (400 or 800) were observed in
some cases ; for example, the antiserum of
O-I gave agglutination titers of 400 against
O-5, 0-7, 0-9 and 0-10, and the antiserum of
O-3 gave titers of 400 or 800 against all the
heterologous antigens.

2. agglttti, intio, ! test 7:11th ribsoi'bed dint'selfi
T'he above results showed that uriabsorbed

TABLE 2. Agg/if ti"on on
haemolyticus

Agglutinating
antigen

O-I

O-2

O-3

O-+

O-5

O-6

O-7

O -8

O-9

O-10

tests tcz'Ih MMUbsoi'bed antz'sei'a of somati'c (0) drillgens of ribrz'o pal'0-

- --

I O-I

I 1,600

O-2

200

200

1,600

Agglutination tests fuere carried out as described 111 the text
agglutination titeis ore expressed as the reciprocal of the highest d, TMtio" of antisert, ,,! shore!'"g ",'sib!e agglu-

Tile loreest dilution of antisei",,! tested coqs I: 200 and (-) illditntes 710 detectable agg!14ti'"at, 'on at the lowest
dilution

200

400

200

400

200

400

400

O-3

800

800

3,200

400

400

300

400

400

400

400

lariat, on

Uriabsorbed antiserum

O-4

200

200

200

200

200

200

200

O-5

200

200

400

200

3,200

200

200

200

200

200

3,200
200

200

200

200

200

200

O-6

200

200

O-7

400

800

400

800

800

800

3,200
800

800

800

200

200

3,200

200

200

400

200

O-8

200

200

O-9

MiwATAt*;I, T. ~et al. Specific ant, 'sera to O-@"tige"s of U. parahaemolyticus

200

200

200

200

6,400

400

200

400

200

200

400

400

800

800

6,400
400

O-10

200

200

200

400

200

400

200

400

1,600
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TABLE 3. Agg!tttt'nott'o12 tests 703'1h absorbed drill'sera of $071zal!'c (0) antt'gens of PI'61'2'0 pal'ahne-
in 04'tZ'CNS

Agglutinating
antigen

O-I

O-2

O-3

O-4

O-5

O-6

O-7

O-8

O-9

O-10

O-I

1,600

O-2

1,600

Explanation as in Table 2

O-3

antiserum was not specific. 'To obtain a
specific antiserum to the somatic (0) antigen,
agglutinin absorption was carried out. Heat-
killed cell suspensions of several strains were
examined for absorption of agglutinins and it
was found that the following combinations gave
the best results : the absorption of the antisera
of 0-I, 0-2, 0-3, 0-4 and 0-5 by a heat-
killed cell suspension of 0-9, and the absorp-
tion of the antisera of 0-6, 0-7, 0-8, 0-9 and
O-10 by a heat-killed cell suspension of 0-2.
The results of the agglutination test using
absorbed antisera are shown in Table 3. The

agglutination titers of each absorbed antiserum
against the hornologous antigens were higher
than 1,600 and no agglutination was observed
witlT the heterologous antigens when the ab-
sorbed antiserum was diluted more than

I :200. This indicated that specific antiserum
to each somatic (0) antigen became available
after agglutinin absorption.

3. Sol"at, 'c (0) anti^err nitnb, $13 of $11'alits Ironi
clam'cal sources

The specific antisera to somatic (0) antigens
prepared by agglutinii\ absorption were applied
in somatic (0) antigen analysis of 144 strains
isolated from clinical sources (Table 4). Of

O-4

Absorbed antiserum

3,200

O-5

1,600

O-6

3,200

O-7 O-8

1,600

O-9

1,600

O-10

TABLE 4. Anta:gen andb, SIS of I"361'1'0 pare-
hnemolJ, tt'CMS Isolated 11'0m cfi"a'cal sources

I, 600

O antigen

3,200

O-I

O-2

O-3

O-4

O-5

O-6

O-7

O-8

O-9

O-10

O-7, 0-10

Unknown

1,600

12

Number of strains

K-typable

BIKEN JOURNAL V01.12 No. I 1969

9

12

20

17

17

o

o

o

o

Not K-typable

4

3

8

4

12

o

o

9

o

o

21

5

O-@"taken analysis coos corned out by the rigg/"ti-
nation test described I'm the text. K-@"taken analysis
cons done by DJ s. K. Moesh^inn, H. Zenyoj'I' and T.
Kodn", a 6</01'e sewd, }Ig Ms the $11 alits t'sd in exper, '-
711e"t

Total 78 66



144 strains examined, 78 could be typed, and
66 could not be typed \\, itIT 1<-antigen.

The 78 strains wit}T knowi\ K antigens \\, ere
identified by 8 0-antisera and their antigen
structures (0- and 1<-antigen) \\, ere in good
accordance with the scheme proposed by Saka-
zaki (1965). Of the 66 strains whicll could
not be typed by 1<-antisera, 40 were identified
by 6 0-antisera, 5 \\, ere not agglutinated \\, ith
an^ of the 10 antisera (0-I-O-10) prepared,
and 21 showed agglutination with the antisera
of 0-7 and 0-10. T'his indicated that most of

these 66 strains could be identified by specific
antisera to somatic (0) antigen.

4. Pieparnl, 'oil qf groin $pecjjic a"113eru of neat!
so"!allc (0) a"if^e, !s

The results described in the previous section
suggested that there was other somatic anti-
gen(s) in F1'bi'10 pm'dhaei, 101yti'ci{s. One of the
5 strains, WITich were not agglutinated with
any of the 10 antisera, \\, as selected and de-
signated as strain O-XI, and onc of the 21
strains \\, hiclT sho\\, cd agglutinatioiT \\, itIT the

antisera of 0-7 and 0-10 \\, as selected and

designated as strain O-N2 (0-Nl and O-N2
were isolated from patients by Dr. 1<. I\, Tae-
shima). The antisera of these 2 strains were
prcpared by the method described in I\laterIals
and A'lethods, and agglutination tests were
carried out with these antisera (Table 5).
Though the agglutination titer of each uriab-
sorbed antiserum against the hornologous
strain was ITigher than 6,400, high agglutina-
tion titers \\, ere observed willt some of the

heterologous antigens. '1'0 obtain specific
antiserum to each antigens, agglutinin absorp-
tion \\, as applied as described in A, lateriais and
Alethods. The agglutination titers of the
absorbed antisera of O-Nl and O-N2 are
showi\ in Table 6. \\'hcn the antiserum of
O-Nl \\, as absorbed witl\ a heat-killed cell

suspension of either 0-9, 0-2 or 0-5, the
antiserum did ITot become specific. It \\, as
found that specific antiscrum to O-I'll strain
could be prepared by consecutive absorption of
antiserum \\, itIT heat-killed cell suspensions of
both 0-2 and 0-5. The specific antiserum
to O-N2 strain \\, as also obtained by absorption
of O-N2 antiseruin will\ hcat-1</11ed cells sus-

pensions of 0-2, 0-7, 0-9 and 0-10.
Twenty-six strains, antigenic structures of

the tenwhich were not determined using

(0-I-O-10) antisera, \\, ere examined with the
specific antisera to O-Nl and O-N2. It was
found that the 21 strains, \\, hich were aggluti-
nated with the antisera of 0-7 and 0-10, were

all Ilomologous each other and were aggluti-
nated \\, itIT the specific antiserum to O-N2.
Among the 5 strains which were not aggluti-
nated with any of the 10 antisera, strain O-Nl
and another strain (T 1890, isolated from a
patient by Dr. H. Zenyoji) were hornologous
and were agglutinated \\, Ith the specific anti~
serum to O-Nl, but the remaining 3 strains
were not agglutinated witl\ anv group specific
antiserum tested, indicating the\, had still
other somatic (0) antigen(s).

TABLE 5. Hug/utz'notion tests arith undbsoi'bed
anti'sera of the somtttic (0) antigens of O-N/
and O-N2

Agglutinating
antigen

O-I

O-2

O-3

O-4

O-5

O-6

O-7

O-8

O-9

O-10

O-Nl

O-\2

Uriabsorbcd antiscrum

O-Nl

400

800

400

200

3,200

O-N2

800

400

400

400

400

400

1,600

400

1,600

3,200

400

> 6,400

400

400

400

400

6,400

400

Explanation OS in Table 2

I'llwATAxi. T. at al. Spec, fc ant, 'sera to O-antage"s of P. parahaemolyticus 13



TABLE 6. Agg/tttz'natz'on tests torth absoi'bed antz'sera of so"tall'c (0) Qntz:g, e"s of O-N/ and O-N2

Agglutinat-
ing

antigen

O-I

O-2

O-3

O-4

O-5

O-6

O-7

O-8

O-9

O-10

O-Nl

O-N2

I 800

O-9

O-Nl

Absorbed with

O-2

1,600

Absorbed antiserum

O-5

1,600

O-2, 0-5

Explanation as an Table. 2

400

> 1,600 > 1,600 > 1,600 > 1,600

DISCUSSION

Freshly isolated living cells of Flirt'o PR, .a-
hnemob, tz'cars, are not agglutinated by horno-
logous O-anits erum. This can be explained
by supposing that freshly isolated organisms
have abundant K-antigen around the cell
surface and this interferes with the reaction of

O-antiserum with the hornologous somatic
antigen. As in the case with the B-antigen of
fischei. Ichin co/^', the inagglutinability of living
cells of Pz'hit'o parch@emolytt'CMs with its horno-
logous O-antiserum does not occur even after
the cells are heated at 100 C for I hour' Saka-

zaki (1967) repoted that in some cases when
cells are boiled at 100 C for 2 hours they are
still not agglutinated by O~antiserum and this
was one reason why he considered that O-
antigen analysis of this organism was imprac-
tical and so recommended K-antigen analysis.

Since the recommendation of Sakazaki

(1967), K-antig. n analyst^ ha^ b, ,n winely
employed as a routine procedure in etiological

O-2

O-N2

Absorbed with

O-7 O-9

800

1,600

> 1,600

O-10 O-2, 0-7
O-9, 0-10

> 1,600 > 1,600 > 1,600 > 1,600

1,600

800

400

investigations. However, many strains which
cannot be typed with K-antigen have been
isolated from clinical sources and many new
K-antigens have been proposed (Hashimoto
at a1. , 1966; Shimouchi, 1968a; Shimouchi,
1968 b ; Zenyoji, personal communication).
Thus it may not be possible to determine the
antigenic structure of many strains of Pt'6720
parchaemob^tz'c"s using only K-antigen analysis.
\\;e have prepared specific antisera to ten
known somatic (0) antigens and two new O-
antigens (0-Nl and O-N2). Thus antisera
have high agglutination titers and do not show
any cross reaction, so they are useful for
O-antigen analysis of strains isolated from
clinical sources. \\'e employed O-antigen
analysis on more than 150 strains of Pt'6720
parah@emob, tz'c"s and found that most of these
strains were agglutinated with any of these 12
specific antisera. Only 3 strains were not
agglutinated witlT any of these antisera, indi-
cating that they have another new somatic

1,600

200

14 BIKEN JOURNAL V01.12 No. I 1969
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(0) antigen. Although these 3 strains were
isolated during an outbreak of food poisoning,
there has been no other case of food poisoning
caused by the organisms \\, ith the same antigens.
Further studies on the somatic (0) antigens
and on the etiological significance of these
strains are no\\, in progress.

The two new O-antigens proposed in this
paper will be established by further etiological
investigation of their distribution. Although
both O-Nl and O-N2 strains were agglutinated
with at least two antisera for K-antigens, their
K-antigenic structure requires fLither study.

NOTE ADDED IN PROOF

R, ., ntly, Satan, ki at al (fopan. I. Mad. S. I.

Biol. , 21; 313-324, 1968) reported the sero-
logical characteristics of Vibrio parnhemo!yti'c!, s
and proposed 11 0-antigens and 41 K-antigens
in this organism.
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