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PRELIMINARY REPORT

A THERAIOLABILE DIRECT HE1\10LYSIN OF VIBRIO PAR, IH, IEAfOLYTlCUSL

TsuNESABURO Fulli. !0, To SHIO ATi\\IATAxi, YosHiFuivii TAKEDA
and AKIKO TOMARU

Department of Bactcriolog\ and Serolog},, Rusearcl. Institute for Microbial Diseases, OSal<a
Uni\. ersit\., Yamada-kami, SIIita, Osaka

(Received A, I",. I, I, 1969)

The ITemolytic factors of Fib'1075a, ahaemob, ticiis
have been studied by several workers' 1< ato
at a1. (1966) and Yan"g, *, at "I. (1968b)
reported the existence of a thermostable
hemolysin in the super natant fluid of a culture
of Fibi'10 primhdemob, t, 'cws and 1< ato at al.
(1968) p"opus, d that thi^ thermost"ble hamo-
Iysin might be one of the pathogenic factors of
this organism. Yanagase at a1. (1968a)
studied the indirect hemolysin and suggested
that it was phospholipase A. This preliminary
report presents data indicating that there is a
direct hemolysin, \\, hich is thermolabile, in
Fibi'10 pdrahe"1061ticws.

PI'brio parnhne"lob^/ICJis \\'P-I, isolated fronT
a patient with gastroenteritis by Dr. A{. HOTi
of \\yakayama Prefecture Public Health Re-
searclt Institute, \\, as used throughout. The
medium used for cultivation of the organism
had the following constitution ; sodium chlo-
ride 30 g, disodium phosphate 7 g, mono-
sodium phosphate 3 g, magnesium sulfate
0.1 g, ammonium sulfate I g, peptone (Difco)
10 g and glucose 2 g, in 1,000 inI of distilled
\\ ater. The pH \\, as adjusted to 8.0. One inI
of culture in this medium was inoculated into
250 inI of the same medium in a 900 inI Roux
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bottle and incubated at 37 C for 15 itours

without shaking. The super natant fluid of
the culture \\ as collected by centi. ifugation.
Then 35 g of ammonium sulfate per 100 inI of
super natant fluid \\, ere added and the restilting
precipitate \\, as dissolved in a small amount of
ph. ^phat, buffer (0.01 in, pH 7.0). Thi^
solution was dialyzed overnight against about
300 volumes of phosphate buffer (0.01 M,
pH 7.0) and designated as Fractioi\ I. A
further 25 g of ammonium sulfate \\, ere added
per 100 inI of the resulting supernatant fluid
and the precipitate \\-as dissolved in phosphate
buffer and dialyzed as before. it \\, as dc-
signated as Fraction 2.

Direct hemolysis by Fractions I and 2 \\, as
tested and the results are shown in Table I.

Fraction I caused complete hemolysis at dilu-
tions of I : 4 and I : 8, and partial heniolysis
even at the higlT dilution of I : 128. On the
other hand, Fraction 2 caused no hemolysis.
This indicates that direct hemolysin in the
super natant fluid is concentrated in Fraction
I by precipitation \\, Ith ammonium sulfate.

Experimental data on the heat stability of
Fraction I are sho\\, n in Table 2. Although
little hemolysin was mactivated by heating at
45 C for 10 min, heating at either 55 C or 60 C
for 10 min mactivated the direct hemolysin
significantly, and no direct hemolysis \\, as ob-

I Supported in part by a grant from tlle I\Iinistry
of \\, elfare of Japan
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TABLE I DJ'rect hento/yst's by animo"a'Min su!fate tiedted fluctz'0"s

Fraction I

Fraction 2

Each $071ip/e guns ser, '@!/y d, luted tat^o101d refth phosphate buffer (007 M pH 7.0) and ad^^sted its sodait"I chioitde
conce"t, '@t, 'on to 0.9% in 0.5 I'll. Hit equal "DIMMe of 2% suspension of human erythrocytes (type O) a'" phosphate
bide, ' (0.07 M, pH 7.0) containing 0.9% sod, ti, ,, chlo, '!tie reds added to e@c/, tube. Mixiu, 'es fuere Incubated air a
contei' bath (37 C) 101 2 A1 s colth DCc"sao"@! shok, hag and then stood at 4 C for 75 A1 s. Hemolytic actiony tons
expressed us 10/10"s, 3 + : complete hemo!yst's, 2+, + and t . degites of port, 'a/ he'll o1ys, 's, nitd - : "o hemo/ys!'s
The plotei" content (medsi, ,'ed 63, the Miethod of Lotu, 'j, at at. (1956)) of the sariip/es tons 3 ingjm/

TABLE 2. Hent sinb^^^Iy of dalect henzo/ysz'it of '26/10 paidhne"101yta'CNS

1:4

3+

1:8

3+

I : 16

Untreated

45 C 10 min

50 C 10 min

55 C 10 min

60 C 10 min

2+

Dilution

I : 32

Exploitot, 'o71 us in Tabis I

2+

I : 64

served at dilutions of ntore than I : 8. Part

of the direct hemolysin was not mactivated by
these treatments resulting in partial hemolysis at
dilutions of I : 4 and I : 8. This result indi-
cates that there is a thermolabile direct hemo-

Iysin besides a thermostable one in the super-
natant of the culture of Fibi. 10 primhne, it o6, tz'CMs.

\\Ihen Fib, 20 painhoemo{vtz'CMs is cultured on
blood a clear zone Is seen around theagar,

colony, and this kind of hemolysis on blood
agar 11as been known since the first isolation of
this organism by Fujino at a1. (1953). Kato
at a1. (1965) found that most strains isolated
from patients with gastroenteritis produced
clear zones around their colonies on blood agar
while most strains isolated from other sources

did not. To study this phenomenon further,
wagatsuma (1967) devised a special blood agar
(\\'agatsuma's Medium) \\, ith the following con-
stitution ; yeast extract 3 g, peptone (Difco)

1:4

3+

3+

3+

2+

2+

I : 128

1:8

+

3+

3+

2+

I : 256

I : 16

2+

2+

2+

I : 512

+

Dilution

I : 32

+

2L

2+

+

I : 64

+

+

+

I : 128

J-

I : 256

10 g, sodium chloride 70 g, dipotassium phos-
phate 5 g, mannitol 10 g, crystal violet 0,001 g,
agar 15 g and \\, ashed ITUman erythrocytes at
a concentration of 791, , in 1,000 inI of distilled
water. Formation of a clear zone around

colonies of ,,'6710 parrrhdemo!}, tz'cars on \\!aga-
tsuma's medium \\, as named Kanagawa pheno-
menon (Fujin0,1968).

The Kanaga\\, a phenomenon is a result of
at least two reactions (Fujino, Min, at an I and
Takeda ; unpublished observation) ; one is the
release of hemoglobin from erythrocytes and the
other is a fading of the colour of hemoglobin
released (possibly due to conversion of hemo-
globin to methemoglobin). The release of
hemoglobin from erythrocytes is caused by
hemolysin and the fading of the colour is caused
by several factors such as the pH of the
medium, nitrite and glutathione (Fujino,
Miwatani and Takeda ; unpublished observa-

+

I : 512
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tion).
As strain WP-I used in this experiment

showed the Kanagawa phenomenon very clearly
(Fig. I), it was of interest to see whether the
direct hemolysin contained in Fraction I was
responsible for the first reaction of the Kana-
gawa phenomenon (the release of hemoglobin).
To study this, super natant fluid was dropped
into small wells cut in Wagatsuma's medium.
If the direct hemolysin is responsible for the
release of hemoglobin, a change should be seen
in the blood agar around the well containing
Fraction I. As shown in Fig. 2, the Kanagawa
phenomenon was seen with Fraction I, but not
with Fraction 2. Thus, the release of hemo-
globin was caused by Fraction I in the absence
of bacterial cells. The reason for the further

change of released hemoglobin to give a clear
zone around the well is not well understood.

However, the pH of Fraction I was 7.0 and at
this pH value, some hemoglobin changes into

methemoglobin within 10 hours at 37 C (Fuji-
no, Miwatani and Takeda ; unpublished ob-
servation), which may partly explain formation
of the clear zone around Fraction I .

Fraction I contains both thermolabile and

thermostable direct hemolysin, as indicated
in Table 2, so an experiment was carried out
on which hemolysin is responsible for the
release of hemoglobin from erythrocytes. As
shown in Fig. 3, untreated direct hemolysin
produced a wide clear zone, but direct hemo-
Iysin, heated at either 50 C or 55 C for 10 min,
gave a much smaller clear zone. Direct hemo-
Iysin heated at 60 C for 10 min did not produce

clear zone. These data thatsuggestany

thermolabile direct hemolysin is at least one
agent causing the first reaction of the Kana-
gawa phenomenon of 1'2'672'0 par@h@emo{vtt'ct, s.

The authors are grateful to Miss A. Yoshi-
hara and Mr. T. Ohkawa for their technical
assistance.

o

FIGURE I. Kanag@co@ phenomenon of Vibrio par"-
haemolytic"s IPP- I.

A drop of Vibrio par@haemolytic"s IPP I culture
20@s inoc"lated o, , Wag@twin@'s med^tm and incubated
at 37 0107 15 h, s.

@

FIGURE 2. Formatio, , of a clear gone i, I Wag@tsum@'s
meat"in by dz}ect hemolysi" of Vibrio parahaemolyticus.

Wag@tsum@'s med, tm colttai",'"g 50 Agjm! of di-
hydrost, eptomyci" alas prep@, ed and small 20ells (5 mm
fit diameter) toe, e cut in it. The bottoms of wells were
sealed tufth agar and 30 F1 of samples 00ere dropped
into each alell ond incubated at 37 C for 75 frys. The
samples ore the some OS those used an the experiment of
Table 7 ; ( I) : Fraction I and (2) : FF@cti0" 2.
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FIGURE 3. Form@tin, , of a cle@, gonei" Wag"tsum@'s
medium by heat treated da}cot hemolysi" of rib, tb
porch@emolytic"s.

Explanation 13 as in F, :g. . 2. Each 00e!! cont@med
301.1 of sample. The samples are the same OS those
used in the expertm", t of Table 2, . (1) 2'3 untreated
direct hemo!ys, '" ond (2), (3), (4) and (5) are d, 7ect
hemolysi" heated at 45 C, 500, 55 C and 60 C, re-
specti"81yfor 70 in, },.
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