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uMMARY I. The physical and chemical properties of the monotrichous Hagella
of Pz'bi'io pal'dimemoly, tici, s \\, ere studied.

2. The Hagella of F1b;'10 prti'dimemob, 11'CMs were solubilized by treatment with either
6 M urea, 0.1% acetic acid, 0.27, sodium dodecyl sulfate, 0,27, sodium dodecyl
henzyl sulfate or heat (65 C, 3 min).
3. Th. hag, 11, unre ^, pyrot. d in by, chadn. t anhunts (U-I and U-11) by hydroxy-
lapatite columiT chromatography.
4. U-I and U-11 \\, ere demonstrated to differ antigenically.
5. U-I and U-11 both a molecular \\, eight of approximately 40,000.
6. LTDst PITysico-cliemical properties of U-I and U-11 \\, ere similar, but their amino
acid compositions \\, ere different.

INTRODUCTION

Physical and chemical properties of the sub-
units of Ragella (flagellins) of various bacteria
ha\, e been throughly studied by several workers
Studies on the Hagellins of Sat?, 10"elm (\\'eibull,
1950; Asakura at a1. , 1964), Spill71u, " seitpe, Is
(Martinez et a1. , 1967) and Plotetis o111g, (1)'is
Ovalbu11, 1950; Chang at a1. , 1969) *h. wad
that the flagellins of these bacteria appear to
be single proteins \\, Ith a molecular weight of
about 40,000.

These bacteria possess a perltrichous fta-
gella, and it is Interesting to compare the

physicochemical properties of the subunits
of these nagella \\, ith those of monotrichous
flagella. Recently, \\, e reported a method for
purification of monotrichous Hagella of Fib'20
pardhnemob, tic"s (A{Iwatani et a1. , 1970).
Using Ragella of F1b, '10 painhaemob, tici, s purl-
fled by this method \\, e characterized the
Ragellins of Fah, 10 primhnemo!ytici, s. It \\, as
found that the Ragella of Fibi'10 painhnemob, -
tici{s contain two distinct submits, both having
a molecular weight of about 40,000.
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MATERIALS AND A, IETHODS

I. Sty@ills

rib, ,', pn, ahn, ,,,, by, ',,,, RIMD-100 (01 ,I^I) f". in
the stock culture in the Type Culture Collection of
the Research Institute for Microbial Diseases, 0-
salta University, was used throughout

2. Pityo, 'at, 'o11 of fage//a

Growth conditions and purification of Ragella by
preparative zone electrophoresis using a powdered
co- polymer of polyvinyl chloride and polyvinyl
acetate (Pevikon C-870) as supporting medium were
described previously (Miwatani, at a1. , 1970).

3. Seph@der G-100 coh, ,, 111 chi o111"tog, dpity

Sephade, ; G-100, super fine (Pharmacia, Sweden)
was suspended in an appropriate amount of 0.01 M
phosphate buffer (pH 7.0) and the swollen gel was
allowed to settle by gravity to make columns (2 x
125 cm). Columns were eluted with 0.01 M phos-
phate buffer (pH 7.0) and 5 inI fractions were col-
Iected. Chromatography \\, as carred out in a cold
room at 4 C

mixture of ATlacelA (Atlas Powder Co. ) and Drackeol
No. 6 (Pennsylvania Industries). Ariacel A and
Drackeol No. 6 were mixed in the ratio of 1.5:

8.5. v!v. The jinmtmizing antigens \\, ere inoculated
intramuscularly into young male rabbits, weighing
2.5 to 31<g. A booster injection \\, as made after
4 \\, eeks. Antisera were obtained one \\, eek after

the last injection.

4. Hyd, oxy/"patite coh""11 chro, ,intogi riphy

The purified preparaction of Ragella (about 10 ing)
was treated with 6 xi urea and applied to a hydroxy-
lapatite column (I x 20 cm) previously eq\Iilibrated
with 0001 xi phosphate buffer, pH 7.0 Hydroxy-
lapatite was prepared by the method by Levin
(1962). The column \\. as eluted with 100 inI of the
above buffer, and then with a linear gradient of
0.01 xi to 0.2 xi phosphate buffer, pH 7.0. A total
volume of 160 inI of buffer was used for elution, and

6 inI fractions \\. ere collected. All procedures were
carried out in a cold room at 4 C.

7. Gel diffusio, I test

The gel diffusion test was carried out as described
previously (Mi\vatani at a1.1969)

8. I'll"Jinioe!ect, opho, esis

Tmmunoelectrophoresis \\, as carried out as des-
cribed previously (iVliwatani at al. , 1969)

9. Deter, ,Ii, jutio, , of 11it, oge, ! coilte, ,t

For determination of the nitrogen content, the
sample was digested with sulfuric acid and hydrogen
peroxide and assayed \\, ith ninh}, drin as described by
SchifTman at a1. (1964)

5. Dele, '", 111at, o11 of plote!,,

Protein was usually determined by the method of
Lowry at a1. (1951). The protein content of fractions
eluted from some columns was determined from the

absorption at 280 in!t

10. Deter, ,tiller tini, of singar collte, ,t

The sugar content \\, as determined \\, Ith Drey-
wood's Arithrone reagent as described by Morris

(1948)

6. Pieparntio, I of dull'se, Mill of flage"!}I

Freund's incomplete adju\, ant \\, as used for pre-
paration of jinmunizing antigens. About 500 Ag of
protein (Bagellin or Hagella) suspended in 5 in I of
0.01 \. I phosphate buffer (PTT 7.0) were used as
aiTtigens and emulsified \\, itlT an equal \, o1ume of a

11. Detei, ,, i, milo, ! of phosphoroi, s collte, ,t

The phosphorous contei\t \\, as determined by the
method of Allen (1940)

12. analyt, 'cal cellti threatio, I

A solution of Ragellin a ingjml) in 001 xi pho-
sphate buffer (pH 7.0) was centrifuged in a Hitachi
Analytical Centrifuge, model UCA-IA. Runs were
made at 55,430 rev!min and pictures \\, ere taken at
ten minutes intervals after reaching this speed
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13 . Amino acid analysis

The amino acid compositions of Hagellins were
determined in a Yanagimoto, model LC-50, amino
acid ailalyzer. Five ing of sample were hydrolyzed
by heating in 2 inI of 6 N HCl at 105 C for 24 hr in
a sealed tube. Then the mixture \\. as dried by eva-

POTation and dissolved in 2 inI of 0.2 M citrate buffer
(pH 2.2). A 0.5 inI allquot was examined in the
analyzer



RESULTS

I. Solarbihz@tz'on of purified fagel/@
In attempts to solubilize the purified Hagella,

several treatments were applied to suspensions
of hag^11^ in 0.01 M pho^phate buffer (pH 7.0)
containing 3', sodium chloride. These were;
(A) treatment by urea: a flagellar suspension
was kept in 6 M urea for 60 min at 37 C, (B)
treatment by acetic acid : a flagellar suspension
was kept in 0.1 M acetic acid for 60 min at
37 C, (C) treatments by various detergents :
flagellar suspensions were kept in 0,2', of
either sodium dodecyl sulfate, sodium dodecyl
benayl sulfate or Triton X-100, for 60 min at
37 C, and (D) heat t, eatm. mm " hag, Mar
suspension was kept at 65 C for I, 3 or 5 min.
The final concentration of flagella was ad-
justed to I ing per I inI of reaction mixture.
After these treatments, the flagellar suspensions
were centrifuged at 100,000 x g for 60 min and
the concentration of protein in the super natant
was determined. As shown in Table I, almost
all the protein was recovered after treatment
with urea, acetic acid, sodium dodecyl sulfate
or sodium dodecyl benzyl sulfate, indicating
that the flagella were solubilized successfully
by these treatments. Heat treatment at 65 C
for 3 min or more also solubilized the flagella.

TABLE I. Soluhifizatt'on of purified nage!!@

The antigenicities of the flagellins solubilized
by these treatments were compared and the
results are shown in Fig. I . Antiserum to the
flagellin obtained by treatment with 6 M urea
was placed in the center well and the flagellins
obtained with urea, acetic acid, sodium dodecyl
sulfate and heat (65 C, 3 min) were used as
antigens. It was found that all antigens were
identical, indicating that the antigenicity was
not changed by these treatments.

Treatment

6 M urea

01 M acetic acid

0.2 00 SDS

0.200 SDBS

0.2 00 Triton X-100
65 C I min

3

5

Protein concentration

In super natant
(ing/inI)

O. 98

0.92

1.02

098

0.79

O. 83

0.92

0.99

,,

Suspensions of punned 1/@gen@ of Vibrio par@h@e-
Moby, ',"s (I ingjm!) ,h 0.01 M phosp@to baye, (pH 7.0)
contot'rung 3 % soda^in chloride were treated as de-
scribed in the text. After cent, Jug@t, 'on at 700,000 X
g for 60 in, '", the protein concernt, @tt'on a'" the super-
it@taint alas determained.

,,

.

FIGURE I. Aretige"jettt^s of fage/!tits of Vibrio
parahaemolyticus sol"biffzed by, oario"s treatments.

The gel diffusion test atlas carried out as described in
the text. Antise, "in to the fagelti" o6t@med by t, eat-
merit tufth 6 M urea tugs placed i, z the ce, ,te, toell.
F1@gen^^s o6t@med tufth sod^^in dodecyl s"!lote, urea,
acetic acid ond heat (65 C, 3 ini, a) toere placed i, , toells
7.2,3 @"d 4 respecti"ely.

2. 1301atz'on of two different sub""its
Tmmunoelectrophoresis of urea treated 11a-

gella (Fig. 2) suggests that they consist of two
antigenically different substances, so attempts
were made to isolate different subunits. As

shown in Fig. 3, on hydroxylapatite column
chromatography, two different subunits were
obtained from purified flagella, one being
eluted with about 0.03 M phosphate buffer
and the other with about 0.1 M phosphate
buffer. These subunits were tentatively de-
signated as U-I and U-11, respectively.

SHINODA, S. at al. Flagellar antigens of Vibrio parahaemolyticus



FIGURE 2. Jinmunoe!ectrophoresis o1/10ge!tin.
Jinmu"Delect, opho, esis coos carried out OS desc, .ibed

fit the text. Flogelli" o6t@med by treatment EUith 6 M
117e@ tugs pinced in the goell. Antiser"," to the foge"i, ,
o6t@med with 6 M area treatment alas PI@ced in the
through.
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FIGURE 3 . Hydroxyl@patite co!"",,, ch, 0, "@toyr@," of
the 7/@ge"tit of Vibrio par@h@emolytt'cars.

Hydroxyl@p@tite colttm, , ch, 0, "@tography arcs carried
out OS described tm the text. Protei" conte, tt atlas

determined by the ", ethod of Loan, y at @!. (7957).
Phosph@te to, I conie, It zoos deterini, ,ed by the method of
alle, , (1940)
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3. Antigenz'czh'es of sub""ats, U-l and U-/I
To verify that these two subunits were not

identical substances, their antigenicities were
studied. The results of a gel diffusion test,
seen in Fig. 4A, clearly show that the pre-
cipitation line between antiflagellin and U-I
crossed the precipitation line between anti-
flagellin and U-11, indicating that U-I and
I. ^-11 differ antigenically. This was confirmed
by gel diffusion tests using anti-U-I and anti-
U-11 (Fig. 4B). No precipitation line was
observed between anti-U-I and U-11, or
between anti-U-11 and U-I. These findings
suggest that the flagella of F1brio porch"""o1y-
tz'CM$ consist of two antigenically different sub-
units.
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FIGURE 4. Antige, ,icity off@gen^^s, U-I and U-lI.
The gel diff"sio, I test alas c@, ried out as described in

the text. A, it, :, era to tire@ tre@!ed flage!IC, U-I and
U-J/ toe, e placed i, , the Miens marked @71ti- U, @71ti- U-/
and a, ,ti- 0-11, respecti"e!y. Urea t, 'eated fagell@,
U-/ and U-lI toe, .e PI@cedin the wells incl kgd U, 0.1
a, ,d U-/I, respectit, ely.

4. Physicochemic@I properties of U-/ and U-//
To determine the molecular weights of the

subunits, they were subjected to gel filtration
and results are shown in Fig. 5. Appropriate
amounts of U-I, U-11 and Ragellin were
applied separately to Sephadex G-100 columns
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Other physicochemical properties of U-I

and U-11 are summarized in Table 2. These

results sho\\, no significant differences bet-
ween U-I and U-11. However, the results of
amino acid analysis seeiT in Table 3, show that
the amino acid compositions of these flagellins
are not identical. Significant differences were
observed in the lysine, aspartic acid, glutamic
acid, alanine, vanne and methionine contents.
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FIGURE 5. Gel finial1011 of flage//^113 of '16/10 pal a-
h"e"10,111'ci, s. Sephttde*! G-100 gel 11/11'all'o11 qf
U-/(A), U-// (B) and in err 11 errted 11n. geno (C) ECas
cmried Dirt OS desci16ed ill Ihe Ie\/. Tile all'ore ill-

of^^ales Ihe ao, of '01/11/1e

TABLE 2. Physi'cochemz'cal pi'opei'11'es o1/10gel-
fins, U-/ and U-//, of Pi'61'1'0 pal'Rhoeino/y-
tZCUS

o
120

240

Property

Nitrogen content (%)
Sugar content (%)
Phosphorous contcnt (96)
S value

A's"/A, ,,

and the columns were eluted as described

above. Typical chromatograms of U-I (Fig.
5A) and U-11 (Fig. SE) sho\^ed that these two
subunits have a similar molecular \\, eight.
Consequently, the chromatogram of Hagellin
which contained L'-I and U-11 also had a

similar profile (Fig. 5C). From comparison
of column chromatograms of bov!ne serum
albumin and ovalbumin, the molecular \\, eight
of these flagellins \\, as determined to be about

Plope, ties ECe, e ofeteim!', led as desc, 16ed In th, text.

TABLE 3. anta'"o aci'd copyiposz'ttb"s of flagel-
fins, U-/ nitd U-//

240

U-I

16.4

0.04

0.01

2.6S

I. 61

Amino acid

Lvsine

Histidine

ATgininc

Aspartic acid
Threonine

Senite

Glutamic acid

Proline

Glycine
A1anine

Cystinc
Valinc

;Viethioninc

ISOleucine

Leucine

TVrosine

Phenylalanine

Amidc nitrogen

U-11

16.1

0.02

0.01

2.7S

1.59

U-I

16 .+

3.2

12.5

47.5

28.6

26.6

36.9

1.2

36.6

'~. 3

o

10.0

10.7

20.7

26.2

3.2

10.0

37.8

U-11

25.6

1.8

8.4

59.0

24 . +

30.7

56.0

o

41.0

38.8

o

27.4

2.6

23.8

25.2

5.4

8.8

39.0
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Amino acid a"atys!'s of U-l and U-11 fuel'e cal'-
Iled o14t us desci 16ed in the text. mines o1 e expi es-

sed lit 1,101esjmo/e PI'Die, "
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DISCUSSION

There are several reports on the physical and
chemical properties of perltrichous Hagella of
varicus bacteria (\\leibu11, 1950; Asakura at
a1. , 1964; MCDonough, 1965 ; Martinez at al. ,
1967; Chang at a1. , 1969). However, little
is known about the PITysical and chemical
properties of monotrichous Hagella. This is
because monotrichous flagella have not been
purified. Several attempts \\, ere made to
purify the monotrichous RagelIa of F1'6110
metsch"a'koan^ (Glauert er a1. , 1963) and Pi'byIb
I'm, (K. *re" at a1. , 1966) but th. usulting
Hagellar preparations were contaminated with
spherical bodies. Recently, we developed a
method to purify monotrichous flagella un-
contaminated \\, it11 spherical bodies (Min, at ani
at a1. , 1970), whiclT made it possible to study the
physical and chemical properties of mono-
trichcus Ragella.

Various treatments previously reported for
solubilization of Hagella \\, ere applied to the
Hagella of Fib, .10 pniwh, reinoly, tic"s. Urea (6 M),
acetic acid (0.1 AT), sodium dodecyl sulfate
(0.27, ), codium d, deryl honeyl with. (0.2%)
and heyt (65 C, 3 min) 001ubili", d th, hag, 11,
of P, '6110 pn, \firiemolytz'CMs completely. Similar
findings have been reported (Roberts and

Doetsch, 1966). These treatments did not
change the antigenicity of the flagellins.

it is interesting that two different subunits
were found in the tingella of Fib, '10 paidhne-
mob, ticus. The various bacterial Hagella so
far reported all consist of a single subunit. In
8,111!one//a, flagellar antigens
logically multiple. However, attempts to ISO-

unsuccessfullate different subunits \\, ere

(weibu11, 1950; Asakura at a1. , 1964; Mc.
Donough, 1965). The two subunits of Fibi. to
paidhdemob, tict, s \\, ere isolated by hydroxylapa-
tite column chromatography. These two sub-
units \\, ere demonstrated to differ antigenically.

Most of the physicochemical properties of
these two subunits were quite similar. Their
molecular \\, eights \\, ere identical being ap-
proximateIy 40,000. This value is the same
as that reported previously for perltrichous
Hagella (\\'eibu11, 1948 ; 1<0bayashi at al. ,
1959; Martinez at a1. , 1967; Chang at al. ,
1969). However, amino acid analysis showed
that these two subunits \\, ere not identical.
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