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uMMARY Fib'10 pal'dime"101yti'c!, s produces a phospholipase A, a Iysophospholi-
pase, a glycerophosphorylcholine (GPC) diester ase and two kinds of direct

hemolytic factors (DLF's), one of whiclt is heat-stable (DLF-S) and the other
h. at-habit, (DLF~L). Th. kind of DLF produ. *d d. pond^ man^Iy up, n th, colt, "al
conditions of this organism.

A phospholipase A-negative mutant strain of this organism was obtained and used
for isolation and characterization of DLF and other enzymes.

INTRODUCTION

Since the discovery of F1'brio parnhaemob!tict, s
by Fujin. and other^ (1951, 1953) hamoly^I^
by this organism has been observed by many
investigators. Recently it \\, as reported that
pathogenic strains of this organism possessed

I. Presented in part at the 20th 1<nnsai IVleeting of
the Japanese Bacteriological Society in Kyoto on
October I, 1967, at the 42nd General A, leeting of
the Japanese Bacteriological Society in Toku-
shima on April6,1969, and at the 16th Symposium
on Toxins in Hakone on July 15,1969

2. On leave from the Kan-o1, ji Institute, The Re-
search Foundation for Microbial Diseases of Osaka

University, Kan-onji, Kaga^. a, Japan.

a heat-stable hemolysin \\, hile I\on pathogenic
strains caused no ITemolysis \\, hen cultured in
medium containing blood (Kanagawa phe-
nomenon) (Allyamoto at a/., 1969). From its
heat-stability \\, e thought that the hemolysin
might be a phospholipase A.

This paper shows that P. paidh, Iemob, tt'CNS
can produce \, arious enzymes causing he-

in o1ysis, namely a phospholipase A, a Iysopho-
spholipase and two kinds of direct hemolysins
(DLF), one of \\, hich is heat-stable and the
other heat-labile. In addition glyceropho-
sphorlycholine diester use (GPC diester use) was
isolated from the culture filtrate of this or-
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ganism.

I. ,IATERIALS AND iVIETHODS

I . BCCter, o1 sti gills

Fibiio painh@eruo/ytici, s, strain 2597 (K3 : 02)
(parent strain), isolated from a patient suffering from
food-poisoning, by Dr. Maeshima and his associates
of the Public Health Research Institute of Kobe City,
Kobe, Hyogo, Japan, was kindly supplied by them

A phospholipase A-negative mutant, strain I-I,
was obtained from the parent strain by treatment
witll N-methyl-N'-nitro-N-nitrosoguanidine by the
method of Adelberg at a1. (1965). Briefly, an over-
night culture of the parent strain in medium I ("ide
jin. a) at 37 C was diluted to 11100 with the same
medium. It was cultured in an L-tube at 37 C \\. ith

continuous shaking until the optical density at
550 in/t reached 0.20, measured in a cuvette of 19 ITtm
diameter iiT a Coleman Junior spectrophotometer
Then the culture \\, as centrifuged, \\, ashed with 2.0%
NaCl containing M175 phosphate buffer, pH 6.2, and
resuspended in the same buffer at it alf the previous
\, o1ume. Then 100 Aglml of N-methyl-N'-nitro-N-
nitrosoguanidine (final concentration) \\, as added,
and the bacterial suspension was incubated at 37 C
for 60 min. The bacteria \\, ere centrifuged, washed
w. ith medium I and inoculated on 90 mm plates of
medium I-agar containing egg yolk lecithin at a con-
centration of 50 Agjml. The plates were incubated
at 37 C overnight, and then overlayed \\, ith 3 inI of
0.5 % agar containing I% NaCl and washed rabbit
erythrocytes at a concentration of 1.0 XIO' cellslml
The plates were incubated at room temperature for
4 hr and theIt in a refrigerator overnight. Strain I-I
\^as isolated as one of the colonies without a sur.

rounding hemolytic zone. If the mutant strain was
cultured longer, a small hemolytic zone appeared as
shown later.

P. p@,."fro, in, by iru, , st", in 4750 (K3,02), with
gives a strong positive reaction In the " Kanagawa
Phenomenon " (Miyamoto at a1. , 1969), was ob-
tained by courtesy of Dr. Miyamoto of the Kanagawa
Prefectural Public Health Laboratory

2) Modified Sy, ,case med, \,," (Finkelstein at al. ,
1966) contained dialysate from 10 g of Casamino
acid, Certified, dialysate from 5 g of yeast extract,
25 g of NaCl, 5 g of NagHP0*. 12H, 0,5 g of K, -
HP0, , 1,118 g of NH, C1,89 rug of Na, So, , 42 ing
of A1gClg. 6H20,4ing of ATnC1, , 5 ing of FeCl, -
6H, O and 5 g of sucrose in 1,000 inI of distilled
water, pH 8.5

3) Modified pepto, Ie rifedrt!," (Evans and Richard-
son, 1968) contained dialysate from 30 g of Bacto-
peptone, dialysate from 3 g of yeast extract, 30 g of
NaCl and 0.1 M Tris-HCl buffer in 1,000 inI of
distilled \\, ater, pH 6.5

3. Almsei I'm

Rabbit antiserunT against 02 antigen of P. paid-
hae, ,101yt, 'c, ,s \\, as 1< indly given by Dr. IVl. Torii of
this Institute

4. Chemt'cals

Egg yolk lecithin was prepared and purified by
alumina column chromatography as described by
Singleton at a1. (1965). The suspension was pre-
pared by quicl< injection of a I % solution in ethanol
into diluent. Lysolecithin was prepared from the
lecithin by phospholipase A of " Habu " (Tii, ,rere-
$111ws 110.0"11 Itiis) venom according to the method of
Hanahan (1952). Glycerophosphorylcholine \\. as

prepared from the lecithin by methanolic potassium
hydroxide according to Da\vson's method (1960).

N-meth}, I-N'-nitro-N-nitrosoguanidine \\. as ob-
tamed from the K & K Laboratory, Ne\\, Yorlt, N. Y
It \\, as dissolved in \\. aterjust before use and sterilized
by passage tlTrough a NIIllipore filter membrane, t}, pe
HA (Millipo"e Filte, Co, p. , Bedfo"d, Mass. ). Ethyl-
enediaminetetraacetate, disodium and tetrasodium

colts (EDTA), C"EDTA and AJgEDTA wer. ob-
tained from Dojin Chemicals Co. , Osaka, Japan
Silica Gel H for thin-layer chromatography was ob-
tained from Merck A. G. , Darmstadt, Germany

Diethyl"minoethyl (DEAE) and ca"boxymethyl(CM)
cellulose \\. ere obtained from Brown Co. , Berlin, N
H

2. Cultttre ,"ed, b

I) MeatM, " I contained 10 g of Polypeptone, 20 g
of NaC1,5 g of yeast extract and 5 g of Na, HPO, -
12HgO in 1,000 inI of distilled water, pH 8.5, and
for solid medium 1.5 % agar was added

78 BIKEN JOURNAL V01. 13 No. 2 1970

Polypeptone \\, as obtained from Daigo Ei}, o Co. ,
Ltd. , Osaka, Japan. Casamino acid, Certified, Bacto-
Yeast Extract and Bactopeptone \\, ere obtained from
Difco Laboratories, Detroit, Michigan

A Iyophilized preparation of " Habu " (T, .linere-
$11r"s Inao"inof^^) venom was kindly given by Dr
Kubo of this Institute, and the phDspholipase A \\, as
purified from it by heat treatment of acidified venom



at 100 C for 10 min and chromatography on C;\I-
cellulose column folio\\. ed b\, dialysis and Ivophiliza-
tion

5. AJIeas",'e, ,relit of 10/11c st, elfg!hs

TITe Ionic strengths of solutions used for chromato-
graphy \\, ere checked by measuring their conduc-
tivity witll a Serfass Conductivity Bridge, model
RCA'I 15Bl (A. H. Tl, omas Co. . Philadelphia. Pal. )

6. 71n},-/o3, er c/iyom"togrop/Iy (TLC)

Reaction mixtures were extracted \\. ith chloroform-

methanol by the method of Bligh and Dyer (1959)
Phospholipid samples \\, ere applied on a Silica Gel H
plate and developed \\. ith a mixture of either a)
chloroform-acetone-metlTai, o1-acetic acid-\^ater (10
+ : 2 : 2 : I, vlvlvjv) or by chloroform-methanol-water
(65 : 25 : +, vlvlv). For detecting phospholipids and
their breakdown products, the following reagents
were LISed : iodine vapor for lipids (Stah1, 1967),
ninhydrin for amino compounds (Stah1,1967) and
in o1ybdic acid for phosphate compounds (Dittmer,
1964)

thin, and incubated at 37 C for I hr. Then I drop
of washed rabbit erythrocytes at a concentration of
1.0 XIO' cellsjml, \\, as added and the mixture \\. as
incubated further at 37 C for 10 min. Then degree
of Iysis was read after centrifugation. TITe highest
dilution giving about half tlTe erythrocytes left (score
2) was taken as the titer of tlTe sample

DJ'I ect Lyti'c Factor (DLF) : Drops of serialIy
diluted sample \\. ere mixed with I drop of diment and
I drop of washed rabbit erythrocytes at a concentra-
tion of 1.0 XIO' cellsjml. The mixture \\. as in-
cubated at 37 C for 2 hr and then overnight in a cold

7. assays of e, ,gyme act!"!tier

Activities of phospholipase A and I}'sophospholi-
prise were riteasured as decreases of acyl ester con-
tents by the method of Shapir0 (1953) using egg yolk
lecithin and Iysolecithin, respectively, as substrates

Activity of glycerophospltorylcholine (CFC) di-
esterase \\, as estimated by measuring free choline
released from GPC by the method of Appleton at al
(1953)

In semiquantitative titrations of these enzymes and
of direct hemolysins (DLF), A, Iicrotiter techniques
were used. Isotonic saline containing 0005 xi
tris(hydroxymethyl)amino methane (Tris)-HCl buf-
fe, . pH 7.5 and 0.01 M CaCl, (TBS-C"'~) was used
as diluent

F1, OSpho/ipnse A : Drops (ca. 0025 in I) of serialIy
diluted sample in TBS-Ca" \\ere mixed \\, ith I drop
of \\. ashed rabbit erythrocytes at a concentration of
1.0110" relyml and I drop of 50 "glml "gg y. Ik
lecithin in a cup of a Allicrotiter plate. The plate
was incubated at 37 C for 2 hr and then overnight in
a cold room. The degrees of Iysis were recorded as
+ (complete Iysis) to O (no Iysis). The I, ighest dilu-
non giving Iysis of about half the erythrocytes (score
2) \\, as taken as the titer of this sample

Lysophospho/rpcse : One drop of a sample diluted
serialIy was mixed \\. ith I drop of 40 Agjml Iysoleci-

room

RESULTS

I - I-ysi\ of labhit erythrocytes by P. paidhae-
?Mob, tici, s

\\Ihen P. pornhnemob^t, 'ci, s, straiiT 2597
(parent strain) \\, as inoculated by stabbing into
medium I agar plates containing \\, ashed rabbit
erythrocytes at a concentration of about
5 x 10' cells!inI, and incubated at 37C for
40 ITr, a clear narro\\, (about Imm \\, ide) he-
in o1ytic zone appeared surrounding the colony
(Fig. Ia). On the other hand, if the organism
was first inoculated into a plate containing ITo
erythrocytes, incubated at 37C for 40 hr and
then overlayed \\, ith agar in Tris-HCl-buffered
anim, with add, d Cal' (TBS-Cal') omit, ming
washed rabbit erythrocytes, a faint Ilemolytic
zone of about the same size appeared on the
col, ny (Fig. Ib).

However, when the parent strain was ino-
CUIated into medium I agar containing washed
erythrocytes and 50 11gjml of egg yolk lecithin
and incubated at 37C for 24 hr, a clear \\, ide
hemolytic zone (about 20 mm \\, Ide) appeared
around the colony (Fig. IC). If the organism
was first inoculated into medium I agar con-
taming 50 11gjml lecithin, incubated at 37C for
24 hr and then overlayed with erythrocyte
agar, a triple concentric hemolytic zone ap-
peared, i. e. , a central clear narrow zone, a
middle turbid zone and a peripheral clear zone
(Fig. Id). These results suggested that this
organism possesses at least three factors related
with hemolysis, I'e. , a hemolysin (direct Iytic

YAXACASE, Y. at o1. P. paidh@emo!ytictis Ile"101ysi, 13 79
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FIGURE I. Hemolysis by I'. parahaemolyticus, strut" 2587 (pore"t sty@in), its phosphol, >@se A-"egotitie mart", it,
sty@in 1-7, cmd sty"in 4750, in oariotts conditions.

a) 40 h, earthlye at 37 C on medium I-@gay cont@ming washed r@66^^ erythrocytes ; b) 40 hr culture at 37 C
on med^tm I-Og@r, 10/10ztied by o0e, !@y 00ith ogor cont@ming washed rabbit erythrocytes ,. c) 24 fry culture @t 37 C
on medium I-@gay cont@jinhg 2:1@shed rabbit erythrocytes @"d lecithin ; d) 24 hr culture at 37 C o, z medium I-@g@r
cont@ming lecithin, followed by o0e, joy tufth ag@, containing cooshed erythrocytes.

A : strum 2597, B : sty@in I-I, C : strum 4750.

C

factor, DLF) which can Iyze erythrocytes in
the absence of added phospholipid, a pho-
spholipase A which causes enlargement of the
hemolytic zone in the presence of lecithin, and
a factor destroying Iysolecithin formed by the
phospholipase A, possibly a Iysophospholipase
which is responsible for the middle turbid

.
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zone observed when the colony grown in the
presence of lecithin was overlayed with ery-
throcyte agar.

2. Fr@ctz'on@tt'on of hemolytic factors of ,'.
par@h@em04, tz'cars

The parent strain was cultured at 37 C for 18 hr



in Roux bottles, containing 200 inI of medium I
Then each culture \\. as centrifuged, and tlTe super-
natant obtained was then sterilized bv filtration

througll a A, 1111ipore filter membrane, type HA.
Solid ammonium sulfate \\. as added to tl, e filtrate to

After standing the mixture overnightsaturation

in a cold room, the precipitate was collected by cen-
trifugation at 9,000 revlmin for 30 min. It \\as then
dissolved in a small \, o1ume of 0.1 M Tris-HCl buffer,
pH 7.5, and dialyzed against 0.01 M Tris-HCl buffer,
pH 7.5. Tite dialyzed ntaterial was fractionated
step\\ ise \\. itIT ammonium sulfate and precipitates
\\'ere obtained at 0.2,0.4,06 and 1.0 saturations
Eaclt precipitate was dissolved in 0.1 M Tris-HCl
buffer, pH 7.5, and dialyzed against 0.01 M Tris-HCl
buffer. pH 7.5. Tite dialyzed fractions, eaclT in 1150
of the \, o1ume of the original filtrate, \\. ere then cen-
trifuged at 10,000 x g for 60 min to remove irisolLible
material

The hemolytic activities of the fractions ob-
tamed \\, ere assayed in the presence of lecithin,

and only the fraction precipitating between
0.2 and 0.4 saturation of ammonium sulfate

(Fraction A) caused Iysis of rabbit erythrocytes.
This suggested that this fraction might contain
phospholipase A. In fact, as shown in Fig. 2,
this fraction caused a decrease in acyl ester from
egg yolk lecithin \\, hen assayed by the method
of Shapir0 (1953). However, on comparison
with phospholipase A of " Habu " venom,
this fraction hydrolyzed almost all the acyl
esters of lecithin, while the latter enzyme
hydrolyzed only about half, as shown in Fig.
3. Therefore, Fraction A might liberate two
moles of fatty acids from one mole of lecithin,
while the snake venom phospholipase A
liberates only one fatty acid at the 11-POSi-
tion.

FractioiT A also decreased the acyl ester
content of Iysolecithin, as shown in Fig. 4.

Ca" ion is an activator of the phospholipase
A's from many sources. Preliminary experi-
merits showed that addition of CaCl, at a final
concentration of 0005 M to the reaction mixture

did not activate the decrease in the acyl ester
content of either lecithin or IysolecithiiT by
Fraction A. Moreover, 0,005 M EDTA did
not inhibit these reactions. However, before
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any conclusions on the effects of divalent metal
ions on these enzymes can be reached, more
purified enzyme preparations are necessary.

Fraction A can liberate all the fatty acids from
either lecithin or Iysolecithin. Thus this frac-
tion must contain either a phospholipase B,
which can hydrolyze acyl esters at both the
,- and of -positions of phospholipids, as sug-
gested for the enzyme of Peril'till^itin Moldtwm
(Dawson, 1958) and of rat intestinal mucosa
(Epstein and Shapir0, 1959), or a phospho-
lipase A, which hydrolyzes only the acyl ester
at the A-position of phospholipids, and a
Iysophospholipase, which liberates fatty acid
from Iysophospholipid.

0.4

The other fraction, obtained by precipitation
between O to 0.2 saturation of ammonium sui-

fate from the parent strain grown in medium I,
however, liberated fatty acid from Iysolecithin
but not from lecithin. Therefore, it \\, as con-
chided that this fraction contained no phos-
phDlipase A but only Iysophospholipase \\, hich
could not act o1\ lecithin. The separation of
these enzymes from the Fraction A was at-
tempted by chromatography on a DEAE-
cellulose column.

Twenty inI of Fraction A of the culture filtrate of
the parent strain grown in medium I were dialyzed
against 0.05 M NaCl in 0005 M Tris-HCl buffer,
pH 7.5, and applied on the DEAE-cellulose column
(30 x 520 mm) equilibrated with the same buffer
The column \\, as eluted with 2,000 inI of a linear

gradient from 0.05 M to 1.0 A1 NaCl in 0005 M Tris-
HCl buffer, pH 7.5. Fifteen inI fractions were col-
Iected in an automatic fraction collector. Chromato-

graphy \\, as carried out In a cold room maintained at
2 to 4 C. Phospholipase A, Iysophospholipase and
direct ITemolysin activities were assayed as described
in IVlaterials and iVlethods.

0.3

.

" 0.2
o

B

0.1

40

Time in min

FIGURE 4. Lysophospho/ip@se act, bity of the lyrict, 'o11
A from the ciilti, ,'entry@te of the poralt styat',, groan, I 111
711edri, ,, I I

a : Froctio, I a frilli the CM/true. /i/t, '@te of the pare, it
$11'01', I, B : collti o1 toithoi, t e, 12yme. Exper, 'mental
colldrt, b, !s ECei'e us those for Fig. 2, except that 2.5 Jingl
1111 Iyso/ecithi, , ECCS i'sed 1713te@d of leeithiii

o

As shown in Fig. 5, a direct hemolytic factor
(DLF) un^ wall ^. pyrot, d from Iy^oph, ^ph. -
lipase activity. Phospholipase A activity, how-
ever, could not be found in any of the fractions.
Screening assay for this enzyme, using washed
rabbit erythrocytes and added lecithin, showed
that the hemolytic activity was in the same frac-
tions as DLF activity, and addition of lecithin
did not enhance the Iytic activity of these frac-
tions. Therefore, this DLF corresponded to
DLF-S described later.

20

A

82

60
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3. Lysopho$/Iho/libase of a pho$ph014, me A-
Megatt?;e "Iwt@?at

To confirm the presence of DLF a phospho-
lipase A-negative mutant, strain I-I, was
isolated by treating the parent strain with
N-methyl-N'-nitro-N-nitrosoguanidine as des-
cribed in Materials and Methods. \\Ihen this

strain \\, as inoculated into medium I agar
containing \\, ashed rabbit erythrocytes and
incubated at 37C for 40 hr, a clear narrow he-
in o1ytic zone appeared Just as with the parent

80
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strain (Fig. Ia). Ho\\, ever, only a small faint
hemolytic zone appeared after 2411r incubation
even \\, hen lecithin \\, as added to the plate
(Fig. IC). A similar small faint ITemolytic
zone \\ as observed when a coloity of this strain
grown on medium I agar, with or without added
lecithin, \\, as overlayed with erythrocyte agar
(Fig. Ib and I. ). Th, fo, madon of " ham. Iyti.
zone by this strain again suggested the existence
of a direct hemolytic factor (DLF) as discussed
later.

The mutant strain I-I was grown in medium I at
37 C for 18 hr as described in the preceding para-
graph for the parent strain. The super natant was
collected by centrifugation and filtered througll a
Millipore filter membrane. The filtrate \\. as satur.
ated \\, ith (NH, ), So, . The precipitate obtained was
dissolved in Tris-HCl buffer and dialvzed as in the
case of the parent strain

The fraction, obtained by O to 1.0 saturation
with (NH, ), So, , un^ rest. d fo" ph, ^phonp, s*
A and Iysophospholipase activities \\, ith egg yolk

X

I
I

^^

10 20

XI'

30

X

X

X
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XI

XI'

XI
X

A

-*<^

1.0

0.9

08

O. 7

0.6

O. 5

0.4

0.3

O. 2

0.1

lecithin and Iysolecithin, respectively, sub-
strates. As shown in Fig. 6, it liberated fatty
acid from Iysolecithin, but not from lecithin.
This indicates that the mutant strain I-I

possessed Iysophospholipase but not phospho-
lipase A. It \\, as also suggested that the results
obtained with Fraction A from the culture

filtrate of the parent strain can be explained by
supposing that this fraction contains both pho-
spholipase A and Iysophospholipase. The
purification and characterization of Iysopho-
spholipase from this mutant strain are no\\, in
progress.

4. Existerrce of Gb^cei'ophosphory/cho/lire (GPC)
diester(Ise 171 the CM/line flt, 'ate of ,. pal'nhae-
mob, ticws

It seemed possible that the culture filtrate
of P. parohnemo!ytt'CMs might contain GPC
since this organism could metabolize lecithin
to CFC through Iysolecithin. This \\, as tested
using fractions obtained with (NH4)gS04 from
the culture filtrate of the parent strain and GPC

YANAGASE, Y. at o1. U. poral, ae, ,101yt, 'elfs lieni04ysi, is 83
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FIGURE 6. Lysophospholjpase A deja'"ity of the lidc-
tio, I precfy, it@ted by O to 1.0 sat, ,ratio, , of am, ,, o11ii, ,"
$1,110te from the elf!tiire filtrate of the phDspho/IPOse
a-, legatit, e ?",, tollt $11'@ill I-I g, 'ore, I ill IPIedr"?,, I

A, C : 11'actio, I tested, ' B, D : collt, o1s coitho, ,I e, I-
syne, ' a, B : toith leeith, ,I OS rubst, .ate, C, D : with
b, solecithi, I as sitbstmte

The experi, ,lentnl colld, flu, ,s tcere as described ill the
legends of F1:g. 2 @11d 4

prepar^d by th. inerh, d of Dan^on (1960)
as substrate.

Reaction mixture contained 0.1mlof 0.16% GPC,
0.1 inI of 0.1 M CaC1, , 0.7 inI of 0.1 M Tris-HCl
buffer, pH 7.5 and 0.1 inI of test fraction. Controls,
containing neither substrate nor test fraction \\. ere
also included. The reaction was carried out at

37 C, and free choline liberated was measured by
the ritethod of Appleton (1953)

As shown in Fig. 7, only the fraction ob-
tained with 0.4 to 0.6 saturation of (NH4)2S04
liberated choline from CFC, and this fraction
contained neither phsopholipase A nor Iyso-
phospholipase as judged by its failure to
decrease the acyl ester content of either lecithin
or Iysolecithin.

GPC diester ase activity \\, as also found in a
a similar fraction obtained from the phospho-
lipase A-negative mutant strain I-I, and was
partially purified by chromatography
DEAE-cellulose column.
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FIGURE 7. Liberation of cho!file 11 o7" g!ycerophos-
ph0,11^Ichol^, Ie by fractions o6t@illed by step-",'se addi-
tioJ, of am", own{in still@te to the c, ,/tar, e jiltr"te of the
parent Sty@i, , groan, ill 71zediMm I

Froctio, I precipitated by A . O to 0.2 san, ratioi, ,
B : 0.2 to 0.4 satt, ration, C : 0.4 to 0.6 sat, ,rat, '0",
D. 0.6 to 1.0 sati, ration. For experimental conch-
tzoi!s, see text

o 10

B
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The fraction obtained by 0.4 to 0.6 saturation of
(NH, )gS04 from a culture filtrate of the mutant
strain I-I grown in medium I was dialyzed against
0.1 M NaCl in 0.005 M Tris-HCl buffer, pH 7.5
(starting buffer). Fourteen inI of the material were
applied on a column of DEAE-cellulose (30 x
520 mm) equilibrated with the starting buffer, and
eluted \\. ith 2,000 inI of a linear gradient from 0.1 M
to 0.8 M NaCl in Tris-HCl buffer, pH 7.5. The
GPC diester ase activity was assayed by measuring
free choline released from GPC by the method of
Appleton at "I. (1953).

As shown in Fig. 8, GPC diester ase activity
was Gluted around 14-0.35. Fractions 118
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to 122 \\, ere pooled and used for characterization
of this enzyme. It \\, as shown that this enzyme
required Ca" ion for activity, and Mg" ion
could not replace Ca". The pH optimum
\\as about 8.6 and no activitv was observed at

belo\\, pH 6.

5 . Heat-stable dt'rect hemobitz'c factor. (DLF-
S) of P. paidh@emobiti'ci{s, strain 4750

As described above, the parent strain, strain
2597, possesses at least two factors causing
hemolysis, I'. e. , a direct hemolysin and a
pho^ph. 1100^. A. Ally^inoto at a1. (1969)
reported that pathogenic strains of P. pal a-
hornzob, ticws isolated from patients suffering
from food-poisoning generally possess a ITeat-
stable proteinous hemolysin, unlike almost all
the nonpathogenic strains obtained from sea
water or lislT (Kanagawa phenomenon). \\'e
obtained strain 4750, a representative strain
giving a positive " 1<ariaga\va phenomenon, "
by courtesy of Dr. Miyamoto of the 1< ariaga\\, a

0.280

Prefectural Public Health Laboratory. it
was observed that this strain produced he-
in o1ytic factors and related enzymes similar to
those produced by the parent strain.

Strain 4750 was grown at 37 C for 18 hr in Roux
bottles containing 250 inI of modified Syncase me-
dium. Each culture \\, as then centrifuged at 12,000
xg for 30 min, and the supernatant \\, as filtered
through a Ajillipore filter nTembrane. Five hundred
in I of the filtrate \\, ere diluted I 120 \\, ith distilled

^, ater and applied on a column of DEAE cellulose
(30 x 500 mm). The column \\, as \\. ashed with
2,000 inI of 0,005 M Tris-HCl buffer, pH 7.5, and
tlTen eluted \\, ith 4,000 inI of a linear gradient from O
to 0.6 M NaCl in the same buffer

As shown in Fig. 9, DLF-S was eluted
around 14-0.1 and Iysophospholipase at bet-
ween 0.17 and 0.49. Neither the DLF-S

nor the Iysophospholipase fractions contained
somatic antigen precipitable \\, ith rabbit anti-
02-antiserum, or activities of phospholipase

,,
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A or GPC diester ase.

Fraction Nos. 82 to 106 obtained from the column

shown in Fig. 9, containing DLF-S activity, were
pooled. The pooled fractions \\, ere diluted and
Techromatographed on two successive columns of
DEAE-cellulose

As shown in Fig. 10, on progressive pun-
tication the DLF-S activity tended to be eluted
at lower ionic strength, and it was eluted from
the third column around 14-0065 coinciding
with the protein peak.

DLF-S was also isolated from the culture

filtrate of the phospholipase A-negative mutant
strain I-I grown in modified Syncase medium,
as from strain 4750. The properties of the
DLF-S preparations from the two strains were
the same (requiring Ca" ion for activity, heat
stable, not activated by lecithin, etc. ).

6. Requz','eme"I of C@" ton 101' the actz'oaty
of DLF- S

DLF-S \\. as isolated and purified as in the previous
experiment from culture filtrate of phospholipase A-

OD 280

negative mutant strain I-I. The fraction showing
peak activity (Fr. No. 44) from the third DEAE-
cellulose column was used as the DLF-S prepara-

it \\'as diluted serialIy in Tris-HCl-bufferedtion

saline (TBS). One tenth inI of each dilution or TBS
(as a control) was mixed with 0.1 inI 0.01 M CaClg
(reaction series I), 0.01 M MgC1, (2), 0.01 M CaCl*
plus 0.01 M Na, FDTA (3), 0.01 M CaCl. plus 0.01 xi
Ca EDTA (4), or 0.01 M CaCl, plus 0.01 M Mg
EDTA, each dissolved in TBS. Reaction series 6
received 0.1 in I of TBS instead of meal ion or

chelator. TITen 0.1 inI of rabbit erythrocytes at a

concentration of 1.0 xiO' cellslml \\, as added to each
reaction mixture. The mixtures were incubated at

37 C for 2 hr and then in a cold room overnight

From the results shown in Table I it is

evident that Ca" ion is essential to the activity
of DLF-S. Mg" ion cannot substitute for
Ca" ion, since the addition of MgCl. , or CaCl
plus an equimolar amount of Mg DETA, does
not activate the DLF-S activity.

The same DLF-S preparation, as used in the pre-
ceding experiment, in 0.06 M NaCl in 0.005 M Tris-
HCl buffer, pH 7.5, \\. as iteated in a boiling water

1.0

0.5

X

FIGURE 9. Chi'om@tography o11 a DBAE-cellw!OSe coll!Mir of the ci, ItIIJeji!tmte of ,. parnh@e, "o6, tict, s, strain 4750,
gi o2.11 111 7110d, fed Sync@Se 711edrm, ,
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Rec/, low"logi'aphits of DLF-S oil DEAE-celli, lose coh, ,, 1113

a dialysate of peptone Instead of peptone, to
avoid contamination \\, Ith macromolecular

materials from the growtlT medium. A dialy-
sate of yeast extract \\, as also added.

PhDspholipase A negative mutant I-I \\'as cultured
in modified peptone medium at 37 C for + ITr on a
mechanical shall<er. The culture was centrifuged
and the super natant \\, as filtered through a Millipore
filter nTembrane. This filtrate (270 in I) \\ as diluted
with distilled water to ai, ionic strength It-0025,
and applied to a column of DEAE-cellulose (30 I
500 mm) equilibrated \\, ith 0005 xi Tris-HCl buffer,
pH 7.5 (starting buffer). After \\, ashing with 1,000
inI on the starting buffer, the column was eluted \\. ith
4,000 inI of a linear gradient from O to 0.6 M NaCl in
the starting buffer. Fractions of 9 inI were collected
in an automatic fraction collector. As shown in Fig

11a, the direct hemolytic activity appeared around
A-0.3. The fractions Nos. 183 to 246 were pooled

,...,""*
I"~' "

I"""
I"""

batl, for 10 ittin, and theIT cooled in an ice batlt. h
^, as titrated for itemolytic activity o1, a Microtiter
platc

As shown in Table 2, heat treatment did ITot
destory the hemolytic activity of DLF-S, but
enhanced it somewhat. This enhancement by
heat-treatment may be due to destruction of an
inhibitor of DLF-S.

7. Heat-/dbi7e of Ilect liemob, tic factoi. (DLF-L)
of P. primhae"1061tic"s g, 'o20n in IMOdjjied peptone
In edit, in

Evans and Richardson (1968) used culture
medium containing 39'0 peptone for production
of choleragen and skin permeability factor by
Fibrz'o cholerae. \\Ie employed a similar
medium containing a higher concentration of
NaCl, for halophilic P. parahnemo!yt?'ci, s, and
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TABLE I. Effects of Co" and Mg" 2'0"s nitd of EDTH on the actzbz'ty of DLF-S

Exp
series

2

4

5

6

10n added

CaCl"

A'IgClg

CaCl, +Na, EDTA

CaClg+ CaEDTA

CaCl, +MgEDTA
None

TABLE 2. Heat stabzlzty of dz'rect hemolytt'c factors (DLF-S nitd DLF-L) and effect of Ieca'thzh
on the 27' octz^212^s

I

DLF

4

o

o

+

o

2

Dilution of DLF-S

4

o

o

+

o

o

4

DLF-S

Treatment

4

o

o

2

o

o

8

DLF-L

I\'one

100'C, loinin

o

o

o

o

o

o

16

None

56'C, 10 min

100'C, 10 min

and diluted with 2 volumes of distilled \\, ater and

applied on the second column of DEAE-cellulose
(13 x 280 mm) equilib"ated with 0005 M Tris-HCl
btifTer, pH 7.5. After all the applied material had
sunk into the column, the column \\, as washed with

200 inI of 0.2 M NaCl in 0.005 M Tris-HCl buffer,
pH 7.5, and then eluted with 400ml of a linear
gradient from 0.2 M to 0.5 M NaCl in 0005 M Tris-
HCl buffer, pH 7.5. Four-inI fractions were col-
I. .red (Fig. 11b).
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As shown in Fig. I I , the hemolytic activity
was eluted from the second column at from

14-0.25 to 0.32. This direct hemolytic factor
(DLF-L) was obtained from the same strain
I-I as the direct hemolytic factor (DLF-S)

o
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o
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o
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FIGURE 11. Chromatogi@play o71 a DERE-ce!fillose column of the CMlti, re jilt, '@te of the phDspho!triose A-,, egatt'tie
Miltont sty@i, , I-I gi'o001, ill ?"riddled p@tulle 712edr""

DLF-L activity was mensm ed e, 'they with (- - -) or coilhoi, t (shaded) Iecith, },

1111/11

+ 8 16 32 64 128256

o
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4442

described in the preceding paragraph. DLF-S
was obtained from the culture filtrate of the

organism in modified Syncase medium. The
direct hemolytic factor (DLF-L) obtained from
modified peptone medium was heat-labile and
its activity decreased even on heating at 56C for
10 min (Table 2). Moreover, the hemolytic
activity of DLF-L was enhanced in the pre-
sence of lecithin in the reaction mixture as

shown in Table 2 and Fig. 11. Both the direct
hamolyti. farto"s (DLF-S and DLF-L) used
in the experiment shown in Table 2 were ob-
tained from the phospholipase A-negative
mutant strain I-I, and the deficiency of this
mutant strain in phospholipase A activity has
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been repeatedly confirmed. However, the
DLF-L activity was observed to be enhanced
by the addition of lecithin, while the DLF-S
activity \\, as not. The effect of lecithin on
DLF~L \\, as more obvious when added to heat-

treated DLF-L, \\, hich had apparently lost its
Iytic activity (Table 2). This enhancing effect
of lecithin was further confirmed using lecithin-
treated erythrocytes.

Rabbit erythrocytes \\, ere obtained by centrifuga-
tion of fresh blood. They \\, ere \\, ashed three times
with TBS-Ca++ and resuspended in the same buffer
at a concentration of 1.0 xiOB cellslml. Part of the
suspension \\, as mixed \\. ith an equal volume of

DISCUSSION
50 Aglml lecithin in TBS-Ca". The mixture was
incubated at 37 C for 30 min. it \\. as tlten cen- This paper shows that P. paintaemolytz'CMs can
trifuged and the cells \\, ere washed three times with

produce a phospholipase A, a Iysophospho-TBS-Ca" and resuspended in the same buffer at
lip^^, and gly. eroph, ^phorylch. line (CFC)a concentratioit of 1.0 xiO' cellsjml. washed ery-
diester ase as \\, ell as two kinds of direct hemoly-throcytes before and after treatment \\, ith lecithin
sin (DLF). The existence of both phospho-were tested for DLF-L and DLF-S Iytic activities
lipase A and Iysophospholipase was confirmed

As shown in Table 3, DLF-L activity was by the fact that a phospholipase A-ne atIve
raised after lecithin treatment, while DLF-S mutant obtained from this stillorganism
activity was the same before and after lecithin- possesses the Iysophospholipase. The pre-

sence of these enzymes explains the complextreatment.

The increase in DLF-L activity o1T lecithin hemolytic zone surrounding colonies of this
treatment \\, as not due to phospholipase A organism in various cultural conditions (Fig. I).
activity of the preparation, because a) the direct Hayaishi and Kornberg isolated a phospho-
hemolytic factor used in the experiments shown lipase A, a Iysophospholipase and GPC dies-
in Tables 2 and 3 \\, as obtained from the terase from SerialI'd plymirthi'calm (1954). In
phospholipase A-negative mutant strain (strain the present work isolation and partial purl-
I-I), by the presence of a large excess of Iyso- thation of these enzymes of P. parchnemob, -
phospholipase in the reaction mixture did not tz'cars were attempted. On fraction ation \\, ith
inhibit the effect of lecithin, c) when lecithin ammonium sulfate the phsopholi ase A \\, as

TABLE 3. acttbt'ttbs of DLF-S and DLF-L on untreated or Iect'thzh-treated 81ythrocj, Ies

was incubated \\, ith the DLF-L preparation at
37C for 2 hr, and then chromatographed by
TLC, a spot corresponding to lecithin was
found, but none corresponding to Iysolecithin.
Recently, Fujino at al. reported the existence
of a heat-Ichile hemolysin in P. parchae-
mob, tt'c"s, but the relationship between their
hemolysin and the DLF-L described here is
not clear yet. The DLF-L of the parent strain
is now under study. Further purification and
characterization of botll DLF-S and DLF-L

are now in progress.
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obtained in the fraction precipitating between
02 and 0.4 saturation, the Iysophospholipase in
fractions precipitating at both O to 0.2 and 02
to 0.4 saturation, and GPC diester ase in the
fraction precipitating with 0.4 to 06 saturation.
The Iysophospholipase and GPC diester ase
were purified further by column chromato-
graphy, but the phospholipase A activity \\, as
not recovered from the column. It is not cer-

tain if the phospholipase A consists of more
than one component, like the enzyme in Send-
I, h (Hay, ichi and K. "ribert, 1954), and if co
whether these components can be separated by
chormatography.

In addition to these enzymes two kinds of
direct ITemolysin (DLF) \\, ere isolated from the
culture filtrate of P. paidh, leinob, tic"s. The
kind of DLF produced depended upon the
culture conditions. One of these hemolysins
(DLF-S) is heat-stable and its activity is not
enhanced by the presence of lecithin, \\, hile the
other (DLF-L) is heat-labile and its activity is
enhanced by addition of Iecithii\ to the reaction
mixture. This effect of lecithin on DLF-L

is not due to the existence of phospholipase A
in the preparation, but seems to be due to some
change in the micelle structure of the surface

membrane of the erythrocyte caused by Ieci-
thin, making it more accessible to DLF-L.
This explanation \\, as SLIPported by the fact that
erythrocytes \\, hiclT had been treated with Ieci-
thin and then thoroughly \\, ashed \\, ere much
more susceptible to DLF-L than untreated
eryt}Trocytes. Moreover, DLF-L can be pro-
duced by the phsopholipase A-negative mutant.
The addition of a large excess of Iysophospho-
lipase to the reaction mixture did not inhibit
the enhancing effect of lecithin on this Iytic
factor. \\Ihen lecithin \\, as incubated \\, ith

DLF-L, no Iysolecithin produced, as
judged by thin-layer chromatography. Fur-
ther purification and characterization of these
direct Itemolytic factors are now in progress.
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