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FLAGELLAR ANTIGEN OF FIBRlO ALG/NOLYT/CLIS
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Osaka University, Yamada-kami, Suitn, Osaka

(Received July 17,1971)

CMMARY Flagellar antigei\ of F1'61'10 n!g!"o4^ti'ci!s \\, as solubilized and some of its
properties \\, ere studied. It \\, as shown that flagellin of Vibrio a!gi', lob, tic!, s con-

sisted of a single protein, \\Ith similar Immunological properties to that of U-11,
one of the antigenic subunits of Hagelliit of Fibi'10 lard/incmo!y/IC"s. The amino acid
compositions of U-11 and the flagellin of '16/10 a!gillob^11'CMs \\, ere compared. Thc
contents of most amino acids \\, ere similar, but differences in the contents of several
amino acids were observed. The physicochemical properties of U-11 and thc Ragel-
11n of Fibi'10 n!gi', 1041/1'c!, s, sucll as the S \, alue and A's, IA2, , ratio \\, ere similar. TITe
presence of the same Hugellar antigen in other strains of Fibi'10 rr!gillob, /ICw$ wars
demonstrated.
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I\TRODUCTIO\

The biological and blochcmical properties of
Fib'10 akinob^iru, s and Fibi'10 paidhdei, lob, ticiis
arc \, ery similar, and F1brio a!giltob, 11ci, s \\'as
first classified as a subgroup of F1bi'10 pain/me-
11/04^ticws. Ho\\-Ever, following the proposal of
Sakazaki (1965), the species name " 1,611'o
n!gino!yti'CMs " has generally been accepted.

Recently, \\, e reported that the Ragella of
}76/10 pdi'ahne, ,106.1i'ciis contain t\\, o distil\ct
subunits (Shinoda at a1. , 1970). The present
study was to see \\, hether the Ragella of Fibii'o
akinobJtirws also contain two subunits. it
\^as found that they. contain a single subunit,
\^hich is jinmunologically Identical to one of
the t\^o subunits of F1'61'10 parnhne?, lob^tici, s.

\. IATERIALS AND A, IETHODS

6590,6606 and 6640 \\ ci c supplied froi, , Dr. R. Srikn-
zaki (Natioiial Institute of Henltlt, To1<y0). 1,610
pninhnc, ,, o1y!,'ciis RINID-100 is n stocl< cultute in the
Type Cultuie Collectioi\ of this Institute

2. PI, pni',, 11'01i of pill'I, lidgc//n

IJ, 'bi'10 n/gillo/j. !I'Ci, s \\ as grO\\'n 01t nutrieitt agar
containing 31.1 sodium cltloridc at 37 C for. ishi
Cells \\'ere I, arvested by washing tlTem off the rigal
\\itI\ 31-1, sodium chloride solution. Flangella \\'ere
reinO\'ed by' ITomogenizatioit in a itinrLisan \\'tiring
BlendoT (8,000 re\, Iruiit for' 5 niin). 'rite angella
\\'ere partial11. purified by' repeated centrifugatioi\
and then subjected to preparati\. e zone electrophore-
sis using a po\\ dered CODolvmer of poll vin}. I chloride
and polyvinyl licetiite (Pevikon C-870) as support-
ing medium. The method it's been described in
detailprc\. 10Lisly (A{hintnitict a1. , 1970)

Styn, ', is

ITb, '1'0 n!g!', 101yti'c!, s strains 6624, 6532, 6540,

3. Colli, ,, 11 chi'owning, .rip/, y

Hydroxylapatite columit clITomatogrnph\, jind
Sephadex G-100 gel filtration were carried out as
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described previously (Shinod, I at a1. , 1970)

4. Exa, ,11,101,011 of PI, ys!'coche, ,,,'CUI properties

Determinations of ITitrogen content, sugar content
and phosphorus content, aiTalytical centrifLigation
and at mino acid analysis \\'ere carried out as de-
scribed previously (Shinoda at a1. , 1970)

5. Gel diff, ,sio, I test

The method used for' the gel diffLision test \\. as
described previously (A{Iwatani at all. , 1969). Anti-
serum of flagelliit \\, as prepared as described in a
previous paper (Shinoda at a1. , 1970)

RESULTS

I. Hydro*:intrp"tile co/Mill?I chi'onintogi'riphy qf
fagel""

The flagella of '26/10 o1gi'MD!ytz'CMs \\, ere
purified as described in MATERIALS AND
METHODS. Electron showedmicroscopy

that the preparation was as pure as that of
Fibii'o painhneJ, lob^11'CMs (A1iwatani et a1. , 1970).
Purified flagella of Fibi'io akinob, tz'r"$ 6624
were solubilized by keeping them in 6 M urea
for 60 min at 37 C. Then the preparation was
applied to a hydroxylapatite column. A
typical Glution profile \\, Ith only one peak is
shown in Fig. I.

Since the elution profile of the Hagellin of
Vibrio tt!grrrob, tz'cars \\, as similar to that of U-11
of '16/3'0 foldhne, ,, o6, tz'CMs reported previously

(Shin. d" at a1. , 1970), .Iuti. n prom, s of th,
Ragellins of F1'by10 a!ginob, tz'CMs and of Pi'by to
pa, 'akaemob, 12'CMs were compared. The results
are shown in Fig. 2. Fig. 2A shows that there
were two different subunits in the flagellin of
PI'6120 pa, 'ahaemolytz'CMs, confirming the results
report. d previ. usIy (Shin. d" at a1. , 1970). On
the other hand, a mixture of U-11 of Fibrib
pal'ahttemob^tz'CMs and the Ragellin of ,tbii'o
n!g!',, o6^tz'cws gave a single peak on a similar
column, suggesting that these two flagellins are
identical (Fig. 2B)
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FIGURE I. Hyd, 'Dry/ripntite coh, ,,, 11 chi'o111ntog, 'ON, y
of the Jinge/!^}I of Vibrio trigi',, o1yt!'elfs.

Hydroxylapntite coll, ,1111 chi onintogi'ON, y reds cal -
lied o11t OS described i, , the text. Protein content tons

deter, ,1111ed by tile 111ethod of Lore, y at a1. (1951)
Phosphate 10, , collt, nt reds deteii, filled by the 111,1110d
of Alle, I (1940)
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Figure 2. Hydroxyl"pittite collt, ,IPI chro, ,, atogiuphy
of Jinge//^}, s of rib 10 painhne, ,lob, tictis and 1176,10
dig, MD/yt, elfs

Exper, ',, leiitnl condrt, b, 13 ai e as desc, ,'bed in the
lege, Id of Fly. I. (a) Floge//^>I qf PI'by, 'o pal ah"e, ,101y-
ti'CMs, (B) n 1111\t, ,,'e of U-// of Pi'61'io primhne, ,101y-
tJ'cJ, s nild the flage//fir of F1'brio dig, '1101yt, 'ci, s

Z. Gelf/tr"tz'0" offage/I^^s
To confirm that the Hagellins of '16/10

"!gi"o4^ticws and U-11 of Pairi'o parchne"lob^-
11'cars are Identical, these flagellins were sub-
jected to gel filtration and results are shown in
Fig. 3. Appropriate amounts of the Hagellin
of F1'6110 a!gritobJti'c"s and U-11 were applied
to separate Sephadex G-100 columns. The
columns were eluted as described above.

Typical chromatograms of the Hagellin of
kiwi, at^truly, ',", (Fig. 3A) and U-11 (Fig.
3B) showed that they have similar molecular
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TABLE I. Physz'cochemz'cal propel. ttbs of the
foge//^it of rib, io akino!it, bus "rid UJl of
,'261'io painhnemo/ytztus
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FIGURE 3. G, / Jini'nil'o11 of the 11"gen^>I of F1'brio
atg, ',, o1yi, 'ciis and U-// of Vibrio primline, ,101yt, 'ci, s.

Styh"of, \ G-100 g, / finrat, 'o71 of U-// (A), 1/1,
linge//^, I qj Vibrio u/gino/yti'ci, s (B) nild ti 1111\lilye o1
U-l/ nild Ihe Jinge//^>I of nihil'o digi, 101yt, 'ci, s (C) cons
cn, ,ied o11t OS desciibed 111 the text. Tile mro" In-

dictiies inc ao, 'd '01/1/11"
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n Properties \\, erc determined us described in the
text

Flagellin of P
akino/ytic"s
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previ. usIy (Shin, d" at a1. , 1970) rut al^, hared.
Some physicochemical properties, such as the
S values and A2, ,!A2, , ratio, of U-11 and the
flagellin of Fahrt'o akinob, tz'CMs were similar.
The contents of most amino acids were similar.

However, the amounts of several amino acids
were somewhat different in U-11 and the Hagel-
11n of Fibr, 'o a!gi'"o6^11'CMs.

4. Jin", MMO/ogz'cal propertz'es of the flage/I^^s
The identity of the Hagellin of Pz'bra'o

a!gt'"o6, ticws with U-11 of ribrz'o PRI. ahae, "o6, -
it CMs was demonstrated jinmunologically. On
agar gel diffusion (Fig. 4-a), the precipitation
line between anti-flagellin of Vibrio porch"enjo-
Iyt, 'CNS and U-11 fused witll the precipitation
line between anti-flagellin of Pairio lard-
fine, "04'ticws and thc flagellin of F1'6110 allzho!y-
tic"s. The nonidentity of U-I and the Hage!11n
of F1'by to o1g, IMObiti'CMs is also demonstrated in
this figure. The precipitation line between
the anti-Hagellin of Vibrio parnhne"lob^tz'CMs
and the Hagellin of ribrz'o a!gi'?lob, tz'CMs and that
betweei\ the anti-Hagellin of F1'brio par"hae"10-
o6^12'CMs and U-I intersected. (This is not very
cleai. in the figure due to a technical difficulties
of printing. ) As shown in Fig. 4-b, no

line was observed between theprecipitation
anti-Hagellin of F1'by 20 akinob^11'c"s and U-I of
kibi. ,'o parahaemolyticus. These results indicate
that the Hagellin of F1'brio a!ginob, tz'CMs and
U-11 are jinmunologically identical.
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weights. The elution profile of a mixture of
the flagellin of '16/10 n!ginobitz'CNS and U-11,
shown in Fig. 3C, indicates that these two
Hagellins are identical, having the similar
molecular. weight.

3. Playsz'coche, Incd/ propel'ties of the linge/I^^is
Some physicochemical properties and the

amino acid composition of the Ragellin of
Inbi. io d!ginob, t, 'CMs are presented in Tables I
and 2. For comparison, data on U-11 obtained

U-11
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FIGURE 4. Gel diff"sin" test of fage!fins of PI'brio
@18i"o1ytic, ,s and Vibrio par@hoemob, tit"s.

Experi, ,, e"t@! cond, lions are described ,'" the text.
(0) Anti-fagelti" of Vibrio parch@emolyt, 'c!, s coos
placed in toe!I I. U-I, the fage!fin of I', brio o4gi"0-
11nc"s and U-/I ale, e placed in wells 2, 3 and 4,
respect, bely. (6) Hitti. /foge!flit of Vibrio o1gi"o1ytici, $
cods placed i" alell I. Other cond, I^^"s are OS desc, ,'bed
a'" (@).

o

FIGURE 5. Dr^t, ib"tio" of the fagelti" in anno"s
sty@,}, s of ,26n0 o1gi"o1ytzt"s.

Cond, I^^"s are OS described in the text. Anti-fogel-
fur of 1'167io nigirio!ytic"s 6624 0003 placed in the
center toell I. Parti@!b, pi, ,died 7/@gen@ of Vibrio
alga, ,o1ytic"s 6590, 6624, 6532, 6606, 6540 and 6640
were placed in toells 2, 3, 4, 5, 6 @"d 7, re$*ectit!ely.

Iy pu"mad ling, 11a (FFF) of P, b, ,b at^fob, t, bus
6532,6540,6590,6606 and 6640 were prepared
separately by the method described previously
(Miwatani at a1. , 1970). They were within"ed
by heat treatment and subjected to a gel diffu-
sion test. It was found that the anti-flagellin
of I"2672'0 a!gt'"o6^tt'CMs 6624 formed a common
precipitation line with the Ragellins of 5 other
strains and the hornologous strain of 1'267z'o
a!gt}, o4, tz'CMs. Similar results were obtained
using the anti-flagellin of 1'267z'o a!gz'"o61tzt"s
6640.

I\

@

@

5. Dz^t, 26"tz'on of then@gen^^ tm Fahr, 'o a!^, fito-
b'tz'c"s

The data in Fig. 5 show that the flagellin of
Pz'6720 a!gt'"o6, tt'CMs 6624 is also present in
various strains of Pz'6720 @!g, '"o6^tar"s. Partial-
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DISCUSSION

The flagellins of various bacteria, such as
Salmonella, Spa'rill"in se, pe"s and Prote"s
t!"!g. @72^, have been reported to be a single
protein (Weibu11,1950; Asakura at a1. , 1964;
Martinez at a1. , 1967; Chang at a1. , 1969).
Recently, we reported that the flagella of
F1'6720 par@h@emob, tz'CMS Contain two distinct
sthunits (Shinod" at a1. , 1970). Since P, fob
@!ginob, tz'c"s is closely related to 1'267z'o par@-



hne, 110,111'c"s (Fujino et a1. , 1965 ; Sakazaki,
1965), it \\, as of interest to study, the flagellin
of Fibi'20 rr!gi'?1061tz'CMs. Data obtained in this
studv show that the flagellin of F1bi'10 a!gillo!y-
ticiis contains a single protein, which is jin-
in unologically identical to Li-11 of Fib. 10
I'd;whae, ,!o4, t, 'c"s reported previously (Shinoda
at a1. , 1970). There were some differences in
tlleir amino acid compositions (Table 2. ),
but these did ITot affect spur formation in gel
diffusion experiments

Fib'10 a!g'1,104VtiCMs was previously regarded
subgroup of Fib!'10 parchae"lob, ticw$.

However, following the classification of Saka-
zaki (1965), it has been named Vibrio tt!gillob'-
11ci!s and its identification is mainly based on
biological characters, However, most bio-
logical and serological characters of these t\\, o
organisms are similar. The present finding

TABLE 2- am 1710 acz'd COM1poszl^^"s of the
fage/I^^I of PI'byto algal10/31tz'ct, s and U-// of
Fibi'10 paltthoe"1011/12'CMs

as a

that the flagellin of Fib!'!'o a!gz'"o4^11'c"s contains
one of the t\\, o Ragellins of Pt'61. io primhae, ,lob, -
tic"s may provide a new method to identif\'
these two organisms.
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