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ISOLATION AND PARTIAL PURIFICATION OF THERMOLABILE

DIRECT HEMOLYSIN OF VIBRIO PAR, 4H, 4EMOLYT/GLIS'

To SHIO NIIWATANi, IUN SAKURAi, AKiKO YosHiHARA
and YOSHIFUiVll TAKEDA

Department of Bacteriology and Serolog}', Research Institute for I\Iicrobial Diseases,
OSal<a University, Yamada-kami, Suita, OSakti

(R"caved January 17,1972)

uMMAm' Thermolabile direct hemolysin \\, as isolated froiTT the culture filtrate of
'76/10 pinchtte"lob^tict, s. It was partially purified by successive column chromato-
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graphies on DEAE-cellulose and DEAE-Sephadex A-50. The partially purified
hemolysin \\, as thermolabile and its activity \\, as destroyed by heating at 70 C or
100 C for 10 min. Its activity \\, as not enhanced by addition of lecithine. Sheep
erythrocytes were less sensitive than human erythrocytes to the hemolysin and
horse erythrocytes were 11\sensitive.

The ATrhenius effect, demonstrated witll staphylococcal or-toxin, \\, as observed
witl\ crude Itemol}, SII\ of '16/10 Idi'riftne, 1106^11'cws. TITe possible nTechanism of this
clTcct was discussed.

IN'I'RODUC'1'10N

Fibi'10 findhtte, 1104^11ciis \\'as first ISOlatcd at
autops}, from a case of food-poisoning and its
hemolytic character \\, as demonstrated (Fullno
et a1. , 1953). Kawamura (1964) first studied
thc nature of the hemolysin produced by P.
pm'dhneiiiob^tic"s and reported that it \\, as not
a protein and \\, as heat-stable. On the othei
nand, Kato at a1. (1966) reported that the
hemolysin of P. pdi. ah"enjo!yti'c"s had the nature
of a protein and was free from polysaccharide
and lipid. They also reported a relation be-
tween the production of the ITemolysin and the
pathogenicity of this organism. Zen-Yoji at al.

I Part of this \\o11< was Dr. seitted lit the +tlt S\in Do-
SIun) o1t 11^^110 pal dimeJi, o1yi, 'ci, s at itIi} azaki o11
Oct. 31,1969

(1971) recently reported the purification of
ITeat-stable liemolysin of ,. pdiohneiiiob^11'ciis.

W. (Fujin, at ,I. , 1969) and Yan"g"*. at al.
(1970) reported the existence of a thermolabilc
hemolysin in the culture filtrate of P. pu, \flu-
enjolyti'cws. This paper describes the is o1a-
tion and the partial purification of this thermo-
labile direct hemolysin and possible differences
between the hemolysin repoi'ted ITere and those
reported by, other \\, others are discussed.

A, IATERIALS .\ND IVIETHODS

I. SIIwri! nil, / '11/11'"nil'o11 of Dig, 1111sills

1.7hii'o pm', Ih", 1,101yli'c!, s \\:P-I (04 : 1<12), isolated
froni a patient \\'itit gasti. oeiTteritis by Di. . M. HOTi of
\\, aka\'alma Prefecture Public Flealtlt Research In-
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stitute, \\, as used throughout. The medium Lised for
culti\'at jolt of the organism had the following coin-
position; sodium chloride 30 g, peptone (Difco)
10 g, Na, HP0, .12H, 05 g, glucose 5 g, in 1000 inI
of distilled \\, ater. The pH was adjusted to 7.6-7.8
One inI of culture in this medium \\, as inoculated

into 2000 inI of the same medium in a 6500 in I ETlen-

mever's flask and incubated at 37 C for 15 hr \\. itIT

shaking (60 cycles jinin)

2. Prepnrnt, 'o11 of ci'!Ide lienio/ys, ', I 1101/1 tile elf/till',
jilti ate of the bdcter, 'n

Solid aimmonium sulfate (45 g per 100 inI) \\. as
added to the culture filtrate and the resulting pre-
cipitate \\, as dissolved in a small amount of phosphate

buffer' (0.01 M, pH 70). This solution \\, as dialyzed
overnight against the same buffer. Then it was cen-
trifLiged at 10,000 rev!min for 30 min and 0.2 N
acetic acid \\. as added in the resulting supernatant
fluid to adjust the pH to 3.0. The resulting precipi-
tate was collected by centrifugation and suspended
in a smallamount of 0.01 xi phosphate buffer, pH 7.0

ResearelT Foundation for ATicrobial Diseases of Osaka
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3. Delei',, 1171ttti'o11 of he'll o6, tic ncii", Iy

To estimate hemolytic activity, 0.25 inI of the
fractioit \\, as serialIy diluted t\^0-fold witlt 0.01 xi

phosphate buffer (pH 7.0) containing 0.91, sodium
chloride. A 0.25 inI ajiquot of a I q, suspensioiT of
erythrocytes (about 8.3 x 10' cells!inI) \\. as added
each tube. Erythrocytes (human, tinless other \\, ise
specified) \\ ere \\, ashed three tinles \\, ith saline before

The ntixtures were incubated at 37 C for. 2 in

and then Itept in the cold (4 C) for. about 12 hr
Hemolytic activity \\. as expressed as follows : 3 L.
complete hemolysis; 2+, + and t, degrees of par-
tial I, emolysis ; and - , no hemolysis

RESULTS

I. Fujijjcntz'o71 of the CIMde he?mob^slit finctz'0"
by DEHE-cellulose colu, ,lit chi. 0"Iaiography

A 20 in I sample of the crude hemolysin frac-
tion \\, as applied to a DEAE-cellulose column
(2.5 .in x 20 .in) previ, usIy .quillb"amd us d, -
scribed above. Uriadsorbed protein was

washed out witlT 120 in I of phosphate buffer
(0.01 M, pH 7.0) and than th, .. him, un^
Gluted with a linear gradient of 0 - 0.7 M NaCl.
A total volume of 400 in I of buffer was used for
Glution and 8 in I fractions were collected. As

shown in Fig. I, hemolytic activity was eluted
with 0.35 M - 0.7 M NaCl. Most of the protein
was eluted after the hemolysin fractions. The
fractions containing the hemolytic activity were
pooled and concentrated. The sample was
then Techromatographed on DEAE-cellulose
twice more in the same way. A typical profile
of the 3rd chromatography is shown in Fig. 2.
Extensive purification was achieved in this way
but hemolytic activity was not consistent Gluted
with protein. Hemolysin was Gluted from
DEAE-cellulose with about 0.4 M NaCl (Fig. I
and 2), so the hemolysin fraction from the 3rduse

4. Pi epnrotio, I of DERE-celli, /OS" and DErlE-
Sephodex coh, ,, ills

DEAE-cellulose (BTO\\'n Co. , USA, capacity -

0.85 inEq/g) was activated as described by Peterson
and Sober (1962) and btiffered witlt 0.01 xi phosphate
buffer (pH 7.0). DEAE-Sephad"x A-50 (Ph, Tma-
cia, S\\'eden) \\, as activated and bLiffered with 0.01 A1
phosphate buffer (pH 7.0). A column (25 cm \
35 cm) \\, as prepared. Columns \\, ere prepared by
allowing the buffered materials to settle by gravity

5. 0thei 111"tellnls

Purified egg yolk lecithine was a gift from Dr. Y
Yanagase. Sheep and ITorse erythrocytes were sup-
plied by Dr. K. Llka\\, a, 1<annonji InstitLite of the

I' I. 41
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with the same buffer containing 0.4 M I*!aCl.
As shown in Fig. +, two peaks of hemolytic
activlty \\, ere obtained. The minor and major
peaks were designated as H-I and H-2, respec-
tively.
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DEAE-cellulose column \\, CTe applied to all-
other DEAE-cellulose column (2.5 cm I 55 cm)
and eluted \\, ith phosphate buffer (0.01 it. I, pH
7.0) containing 0.4 M NaCl. As shown in Fig.
3, most of the protein was Gluted befoie the
ITemolvsin.
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2. I'Mi. incnti'o11 of lienio!ysi', I by Dr. 4f-
SephndeA: ,4-. iO Co/Will, I Chi'OnintOgJ, IPI4y

The hemolysin fraction from the DEAE-
cellulose column \\, as applied to a DEAE-
Sephadex A-50 column. Uriadsorbed protein
was \\, ashed out \\, ith 80 nTl of phosphate buffer
(0.01 M, pH 7.0) and than ham. jusi, w", ,lured
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FIGURE 4. DErlE-Scph, Id, A1 cohiiii, I chi DinningI riphj,
Of 11,1110b, $111. Piconitill o11 of t/, c DEHE-Sephndex
PIOcedt, , e ni e descii'bed 111 Ih" ten. EIJInte reas CUI-
Iected 11181111/1'"ct, 'o11s. H"I"o1yt, 'c itcti"fly r's expi'CSSed
us tile Ifci>, DCn/ of tile Ink/, CSt din!1,011 reh, t/I "flue colli-
F1C!e lie, 1101ysis
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3. neat slabi!17y of CIMde alld pull, hlbijbwi'died
helliob, sill (H-/ and H-2)

The heat stability of crude ITemolysiiT was
tested and the result is shown in Table I. As

reported previously (Fujino at a1. , 1969), the
fraction caused complete hemolysis even at
the ITigh dilution of 1:128, and most of the
heIT, o1ytic activity \\, ere Inactivated by heating
at 60 C for 10 min. However, Ileating the
crude hemolysin fraction at a higher tempera-
ture, even at 100 C for. 10 min, caused little in-
activation of the hemolytic activity of the frac-
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Results on the ITeat stabilities of H-I and
H-2 are shown in Table 2. H-I lost its hemo-

Iytic activity on heating at 70 C for 10 min, and
did I\ot recover it on further heating at 100 C
for 10 min. 01T the other ITand, heating H-2

NIIw\T \Ni at al. The 1'1110/ribi7e dr}, ct 11,1110/ysi, , of 17. An!'nhneii!o1yt, his 63



by either 70 C for 10 milt or 100 C for 10 nTin
did not result in loss of hemolytic activity.
These data indicate that the crude hemolysin
fraction is a mixture of thermolabile hemolysin
(H-I) and thermostable hemolysin (H-2).

4. ayects of Ieci'thi}, e on the lieniobitt'c artib, '1/1*
of H-I rind H-2

The effects of lecithine on the hemolytic
activities of H-I and H-2 are shown in Table 3.

TABLE I Heat stabzlaly o1 CIMde Itemo/yszh

Untreated

40 C, 10 min

50 C, 10 min

60 C, 10 min

70 C, 10 min

80 C, 10 min

90 C, 10 min

100 C, 10 min

H-I and H-2 showed the samelTemolytic activi-
ties \\, ith and without. This suggests that these
hemolysins are not indirect, but direct Itemo-
Ivsins.

5. Sensi'tic!lies of sheep diid noise ei, ,thi. ocytes
10 H-/ d"of 11-2

The sensitivities of erythrocytes of other
animals to the direct hemolysins isolated were
studied, the results are shown in Table 4.
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2+

3+
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'I'ABLE 2

I: 8

3+

3+
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+

+

3+

3+

3+

Heat slab!httts of H-I and H-2

H-I Untreated

70 C, 10 min

100 C, 10 min
H-2 Untreated

70 C, 10 min

100 C, 10 min
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Dilution
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+
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H-I
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H-I

H-2
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Sheep erythtocytes were sensitive to both H-I
and H-2, although they were less sensitive than
human erythrocytes. On the other hand,
horse ervthroc}, tes \\, erc Insensitive to both

'I'ABLE 4. Senszl^bz7j, of sheep and hoi. se ei, ,Ihiucytes to H-/ and H-2
Source

of

ETvthrocytes

Sheep

Hemolvsin

H-I

Horse

Treatment

I)Is cussioN

H -2

Untreated

70 C, 10 min

100 C, 10 min
Untreated

70 C, 10 min

100 C, 10 min
Untieated

Untreated

direct hemolysins. It was also shown that H-I
was thermolabile and H-2 was thermostable
with sheep erythrocytes.

Several workers nave attempted to ISOlatc
hemolysin from P?trio painhae, nob, ticws. 1< a-
warnura (1964) reported that the hemolytic
activity of this organism was not destroyed by
heat and that the hemolysin did not have a
protein nature. Kato et a1. (1966) isolated a
protein from the culture filtrate of P. p"ra-
fine, ,lob^/?'c"s which was hemolytic to human,
but not horse erythrocytes. They, found that
this hemolysin was not destroyed by heatii\g
at 100 C for 30 min. Recently, Zen-Yoji et
a1. (1971) and Obara (1971) isolated a hemolysin
produced by P. pm\h"e, ,106.1, 'CMs and purified
it extensively. The^ reported that it was a
protein and was stable on neating at 100 C for
10 in11T.

In contrast to these thermostable hemolysins,
we ITave previously reported the existence of a
thermolabile hemolysin in the culture filtrate
of P. partihtte"106.1?'CMs (Fujino et al. , 1969),
which we Isolated from the culture filtrate by
ammonium sulfate fraction ation. This hemo-

Iysin was Inactivated by heating at 60 C for
10 min. In the present work, we purified this
thermolabile hemolysin and separated a thermo-
labile hemolysin from a thermostable one by
successive column chromatographies.

H-I

H-2

I: I

+

1:2

3+

3+

3+

1:4

Dilution

I: 8 I: 16

2+

2+

2+

2+

2+

2+

+

+

+

I: 32

Yanagase et a1. (1970) reported the existence
of thermolabile hemolysin in P. Ibnr@horniob, -

They, found that the liemolytic activity
was significantly enhanced by the addition of
lecithine to the reaction mixture. However,
in the present won< the hemolytic activity of
the thermolabile hemolysin was not enhanced
under our experimental conditions by addition
of lecithine. This suggests that our thermola-
bile hemolysin differs from that reported by
Yanagase at a1. (1970). This difference may
be due to a difference in the culture conditions

of the organism, as suggested previously (Yana-
gase at a1. , 1970).

It was surprising to find that the crude hemo-
11, sin fraction was Inactivated by heating at 60 -
70 C for 10 nTin, but not by heating at 100 C
for 10 min (Table I). This was also found
after considerable purification of the hemolysin,
after the 3rd DEAE-cellulose column chroma-

to graphy. A similar phenomenon has been
reported for staphylococcal or-toxin (ATrhenius,
1907) and has been described as the ATrhenius
effect (ATbuthnott, 1970). Several workers
studied this phenomenon with staphylococcal
7. -toxin, but its causeis unknown. Landsteiner
and con Ran. hanbichler (1909) propus, d that
the inactivation at low temperature was due
to formation of an inactive complex consisting

+

11ct{s.

I : 64 I: 128
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of toxin and a component of the culture filtrate
(ATbuthnott, 1970). Recently, we isolated
a factor from the culture filtrate of ,. paid-
haemob^t, 'CMs which inhibited the hemolytic
activity of the hemolysin. This factor can be
separated from hemolysin by DEAE-cellulose
column chromatography and its Inhibitory
activity is activated by heating at 60 - 70 C for
10 min (Miwatani at al. , unpublished obser-
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