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Studies on the Hemolysin of Vibrio parahaemolyticus

1. Hemolytic factor of dried cell materials

Atsushi Itpa*, Yutaka Tanaka* and Mitsuzo Taraer*

Abstract

In this paper, the authors have determined the hemolytie activities of the
preparations of washed cell, dried cell, water soluble fraction and water insoluble
fraction, deriving from each of the three strains of Vibrio parahaemolyticus (sero-
type; 09:K23, 01:K32 and O5) by the method described in Fig. 1. Hemolytic
materials were prepared by the method of SakazakiV and Sakazaki and Tamura?
as described in Fig. 2, moreover, and estimated the hemolytic activity. Hemolytic
activity was expressed in HHH.U.®. A summary of the results is shown as
follows.

1) The preparations of the dried cell and the water insoluble fraction had
hemolytic activities of about 2.0 H.H.U. and 3.0~5.0 H.H.U. per one mg. of
total nitrogen respectively, but in the preparations of the washed cell and the
water soluble fraction, hemolytic activity was not found.

2) The existence of a thermostable hemolysin was estimated in the prepara-
tion of the water insoluble fraction derived from the strain 05, and when being
heated at 100°C for 60 minutes, more than 1.9 H.H. U per one mg. of total nitro-
gen of hemolytic activity remained.

3) A thermostable hemolysin by Sakazaki and Tamura was found to exist
in all the strains, and to be derived from the preparations of the water insoluble
fraction, but not from the water soluble one.
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V. parahaemolyticus (incubated preliminarily in 3% NaCl nutrient broth)

inocula

ted into a conical flask contained an aliquot volume of 3% NaCl nutrient broth

(incubated under stirring at 37°C)

centrifuged at late-exponential-phase

washed

Growing culture

i

three times with Herbst’s artificial sea water or the solution of 0.01 M MgCl,-

3% NaCl by resuspending and centrifuging

i

Washed cell

dried at —20°C

i

Dried cell

suspended in about 150 times the weight of water, stirred until the extinction had fallen

to a constant level, centrifuged (36,600 X g, 60 min.) at 2°C and the same procedure

repeated twice moreover

Water soluble fraction

T

suspended in about 100 times the weight of water, stirred, centrifuged at low speed

(1,000

X g, 7min.}) at 2°C to remove the unbroken cells, and the same procedure

repeated three or four times moreover

|

Precipitate by low speed centrifuging—l

centrifuged (36,600 X g, 60 min.) at 2°C

I

Water soluble fraction/‘———,z'

Water insoluble fractiil

;

Fig. 1. Methods of the preparation of V. parahaemolyiicus and the cellular fractions.
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F1EL2HEL, 3%REMT 4 a2 iciEl 37°C T—RERLIEREER2 FNFRMRL Tz, i
PEREKRO Y b, K26 it b FmBRT E O—HOERI DAHEL 12,

TOMHMIE & CECREMERRE: FHERBRC2OTEES S 1B 5 5 A (HUCKER BE),
Eehitt, TN, SEWAMZEHEL, DVWTF Fru— 2t F o ¥~ ¥ HRB, HUGH LEIFSON &8
kBT FOBEORLLEBE, A2 K-V OEE, MRRRICL 2BOER WNBREDORT, ¥57
vfe, VP UG, BHLKFEOEE, BokithosfEi, 4 BEEOFE, 2= v BEORAT Y
OFMERERE L 12, TOHR)IRS GAIlE) 2EERT 500 RaRERM (AKX BRE
) 2RV, Chice FERR Y FORMPBEDOMRFERZ £hFh 5% (V/V) OB& M
UTHREL I (ST Ch 2w BKRREEM - 27) ARATAHRERERDO 1 H&EES
WTL, BEOHEY L T 37°C T 20 B2V L, 2PAMERL, BELLEKORILTHE
DEMROHBROFELBREL I,

HEES: FHEORREOMER Fig. LEFTEBITH S, d6DPUDRTIF v I ZE—3
—OMPEF R ANTIZ2I ZF7 5 2P0 3% REMNT 482 1.2] T, HILEREE1m 22hFh
BEL, 37°CTRI3F v 7 Re— 55— X 5MERHI TR0V, —-EREE B OR
ERPEENCERRL T, HREOMII L 3 OBE 2 M & FROFETHREL, i
KB 2 2N FNOERED» 5 3,300x g, 155BOBROLSEEC X W EE2EY, 3EOLERICE
- THRD 2 BREL TEHIHREE 2 HRAEG L UTHERL 12, ZoEE0kemciz 09: K23 &
Ol: K32 i3 HERBST D ATLHEA%, 05 Tit 0.0l M fb<2 2> v L ¥5I8 3% RERE2 FHL
b, LoD RO BIRIC D 12 - Tid FHRE O Hifk % 3% AHEEK, 0.01M k< Hv

Bacterial cells

suspenﬂed in 0.05N NaOH

heated in steam at 100°C for 20 min.
cooled‘and neutralized with adding N. HC1

centrifuged (9,200X g, 30 min.) at 4.5°C -

l
l 1

- Residue ' . Supernatant 1 i
(discarded) . (F1 of Sakazaki and Tamura)

adjusted the pH to 4.5

centrifuged (9,200X g, 30 min.) at 4.5°C

Supernatant 2 Precipitate

(F2 of Sakazaki and Tamura)

dialyzed, adjusted the pH to 4.5,
centrifuged and then dried at —20°C

!
LDried’ material of FZ}

Fig. 2. Preparation of hemolytic material by the method of Sakazaki and Tamura.
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Y AN 396 REEST S L O° HERBST D ALHEKic 2h ZhRE L, —ERrBsEL THEEL, 2
RENORERICOWVTEE, v o rval, B EEORMMEINA ~S bovip €% R L
T, REBSOBHYE L ORI E UTHV Iz, AR E b 10~14 BIEER 22 -T
ﬁtﬁbf:o

EREGORN: MEOSMHREELHRS vy~ 2~ KB L TR LBEC LIz L, ~20°C
ARIZNIZA by B —C 208 2L 40 REFMEL, COBBET v~ %~ 2=Rice h HLU THE
BOEH & B3I 2KEL THEORRIC B 2R 2 REL 12, BRULEFRIBHRLIOL EER
B (R 2172 > THERL, Soh i el UTHRL

BEOSE: FEAOFMEIR Fig. 1L tEdbRTRUIZEBY TH B, TTMEOFHLERFE R
150 FEEDOKCRBLIZIDS, BETYSXF v 2 - 24— 7 —ic X 3R RHY THEDRS
HR2REL, —CEREEEOVERE DEBERAE (B EPW-48) 2R, 7405~
66 CHHEZ2BEL 2 OWBESBRO L L T—ER L3 T TRERT -1, Boh L BBAK %
36,600x g, 604, 2°C THRLAEL, LRI OV THEFROBEER LBL2ER2I 5 2H
KEL, Bohli- kB2 2N 2 hABEESS 1, 2 83 L LT, MHERIZIRET 100 ERED
KRB, 24—5—THEULTHBEEL, 1,000xg, 740, 2°C CIESRODMHL T LB
TRES, BBV TI 5 KARORLAE. 3~4EHVEL 205, TREEZED TN
PERERICEES & U TR LTz, 212 LB 36,600xg, 6043, 2°C TRLIBEL Tkl %
£Y, Bonn LERKEEES 4 &L, IR EAREMEES &L TERAFRERAL T,

R - BN ORMMES MM ROIRE: KHD, K - BN ORBMEELYED B %IX Fig. 2 1€
RUIZEBDTH P, BHEEERT I REBEER2EA7 520wt Y BEOKCRELIZOL, 2h
LEIFEDO.IN SV~ X2z THREL, 100°C OERZT T 20 MBI 12, IEEEeHIC
AGEKTHAHL, NEBRPMATHRMULIZOE, 9,200xg, 30 2, 4.5°C TRODBEL Tl %
BT, g - BNO F1REYTILEL 28, DNTF0—eLh, #EELDD0.1N g
2PMAT pH % 4.5 CFHT 5 LIEBHBERT 20T, LERBEOSRMAT 30 RO TRE
2 LiRKS - BATO F2 it T 2B 2B, 35 LOBO—EEENBIC L b, 0°C DKEH
THZA A PREINZ {3 T THEN 21700, B pH 2 4.5 AL, HRU LR 2R
SHEL, BERF vy — 2~ ANT —20°C CHREEEL THEHRLL, Ch2RE - BROF20
ERam s U THRRL I,

MEORE: FRE % <2 309 A —~BIEKS CEBT IS 3 CHEE BRI 2 BN
U, $7ze MEGIR S RBOBRSLEBO < 20 v a—REKICBE I ¥ T 29 mMBKZEKRKE L
7o HREOHARME 4ml & MIRFHEWR 4ml & 2PRRBEIc L b, 37°C BFahrERkiE
B, BB UDORSROEED 37°C iKELTH 5 30 SEMEL 20 bEPH»IZ 10~15°C &
WHU, #20,000xg T 20 SERLSEE2 T2V, & EIED 550 mp sl 2EER2REL TH
EDFHET 50% WHHEMD (UTFLh%s HHU L87) 2 OFRELRD, FREOBER
RoLEFE I HHU. ALY ORBHRELEZER Img d12b O HHU 2EHHUIZ, BBK
el Hr BB e EERt EPU-2A B0% AW THIB L 720

2EROHE: FRBCOVTRER 2y VE— VETRIEL I

FEABRIBANS PAORE: FEREOKEEES 1~4 20T HIRLES LB EPU-2A
B % BT 235~300mp OBEERREL, BAEZ2EAEREFER: MHKETHIEL T
Elz/100ml i 3R 12

EREILVICER

HRE O IS & O ELOMERBE DRI Table 1 IRL LB H T, HRE IBOLM
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Table 1. Morphological and biological characteristics of the strains tested.

Strains tested | 09:XK23 | 01:K32 05
Gram - - —
Motility + + +
Halophilic character 3%;,NaCl + + +
Cytochrome oxidation + + +
Hugh-Leifson medium Open Acid Acid Acid
Close Acid Acid Acid
Gas - - -
Indole production + + +
MR test at 22°C + + +
at 37°C - + +
KNO; reduction + + +
Gelatin liquefaction + + +
H,S production - - -
Tartarate utilization + + +
Citrate utilization +~F + +
Tolerance for NaCl 7% + + +
10% - - -
VP reaction - - —
Cleavage of carbohydrate
Sucrose - - -
Arabinose - — —
Cellobiose - - -
Kanagawa phenomenon
Human blood agar* + + +
Rabbit blood agar* + + +

* Baline suspension of red blood cells was added to modified Wagatsuma agar
up to a concentration of 59, (v/v).

RiZFERC—EL, HR)IBARE e MK, vV FMROWTROBEIBHTH A LB BIH LN
2o

FARREOHERED 1 AEFEES, VY FEHBMR2HEML B/ EHAREBBICETL T
37°C i 35 HEHIMEL, ZO®R% Plate] iTRL T, LTk 3 L BMBORBIREKE CE£L0D
B dH o1, FORBRETLHEL s BIRMASED 54, F12 Plate I &bV THELI K2642
PHEROBEBKRTH 205, FRCHBZERLRIED b0,

SFHABOHEDONE I T TR Fig. 1LIRUIZER b T, B0 C L EREEO KRBT
DOTEERRC S AHEEEROMES SEREL, Z20OBEshiokiiliks 2 Fh K HE
41 28BI3LL, DOTHRIRIC OV THERORERZE Y B L TEESEOILEBES, KEEHE
4B JOKTERESD 3 2K EL . Lo DRE I IONTRERPREL, ZOEE»
Table 2 iR L 1203, MEBEEOLZERIIN 10~129% T, BT X > TELOEBA LN, 17
BERBEFDOLEHE R 100 L UT, Chitd T 358ESTOREROLZRY 3 &, EREETOK
BHLEHRIE 40~50 T, 1EBOBRBEMBICE > TEONIIKEEES 112, ZOKEMESZERED
EFRFN 0% PbR2hED, HH2H 30 3IRBNTIRETHBEL Y, BHA4BTitEo1n
LTNEBZD D 510, TLARBHESOSEHEIT 1.0~1.7% LEHICL - TEND Y, IS
OIEBE T 4.3~4.9% LEREAEDD 35~509% DEFERMVEINTOI,

KEEHBID 1~4 O 235~300mp iTBiT 3 Eigx/nlwml % Fig.3 iR L 12, SPIEKD pH 12 6.0
~6.7 DEHEILH H, VWTNOWHE L AREES 11z 2hFN 255 mp IRICEESBRABRIN S & L

— 05 —
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Table 2. Amalysis of total mitrogen of the fractions.

Strains tested i 09: K23 01: K32 ‘ 05
TN*(96) Ratio |TN*(96) Ratio TN*(%) Ratio
Dried cell 9.7 100.0 | 1.2  108.0 .9  100.0
Water soluble fraction-1 3.5 36.5 | 4.6 41.2 5.1 43.0
" fraction-2 0.3 3.0 | 0.6 5.5 0.5 4.5
4 fraction-3 0.0 — 0.0 — 0.3 2.2
” fraction-4 0.0 — 0.0 — 0.0 -
Water insoluble fraction 1.0 10.3 | 1.3 11.3 L7 14.5
Precipitate by low speed 4.9 50.2 | 47 4.0 4.3 35.8
centrifuging
* Total nitrogen was abbreviated to TN.
20.0 1
18.0 4 09:K23
16.0 1
14.0 1
12.0 4
10.0
%z 8.0
= 6.0
4.0 4 .
2.0 :
oo \@,,ﬁ

T T T T T T = T v
240 260 280 300 240 260 280 300 240 260 280 300

Wavelength (mp)

Fig. 3. E-value of water soluble fractions (100 ml) from dried cells (1 g).

T, BRI IR FOWEL £ BHIN L2 BOSUTH Y, KEMHES 2 TR 2h
SOMEINBY AL LA L2, KREMES 33 204 CIRERNZEIEIEE A LED I
Drods, T DR LERTIRFEAL EOHE LIFLORERBETB L TA NI & F,
BERM 1B EOAKAEES 1 RETHKEHINTH 5 b5 1,

F IR AEEESREEO C & { BBEAC L > THBRINIME2ZEL D TH 50, LHOTE
BT 3 D AES OBEAMILIC DN T L 7 L VG250, SRICY - THEBRML I, 20
—@E LT 05 OFEHSD 500 fFv 7 vaufitp® Plate IT WRL 12, Plate II @ Fig. 13%5%
B 0.0l M Hb~=2 3o U LEIN 3% RIEVEIKT 3 BIEH 240 KU ER s Milak, Fig 2
HHEEOREREET 5 o ikic L 2 RBRM Y 3ETS - TR TH 5, Fig. 2 I—BKRE
HHERRLEEL, REMORT, REMOREEL ¥4 605, Fig 3 K TEEES Ok T,
BEREAFERSOBBRBEIC L - TUEL 205, SERLE2TL > TES RSN -
Thh, RO ALLETUTERLSMEIZIE LA YR > TORNW EM¥bh 3, LD
AREEME M ONT 3% BT 4 3>, 4% /RiEm-<7 brKk, BTB 7 4 # — VERFEARIGH
B I WA ZERERES SIicEEREL, STRERLTR 2R, S8RAF L VEERED S

— 96—
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Table 3. Assay .of hemolytic activity of the fractions.

Strains tested ‘ 09:K23 01: K32 05
H.H. TN** TN H.H. TN** TN HH. TN** TN
U*  (mg) (mg)***U* (mg) (mg)**¥ U.> (ng) (mg)***
er er inmin. [per per in min. | per per in min,

mgTN**H.H.U.diln. |mgTN+* H.H.U. diln. | mgTN**H.H.U. diln.
Washed cell — k¥ 3.19 ek 3.04 ~—olok 4.37
Dried cell 2.28 0.04 1.97 2.17 0.46 2.28 1.92 0.52 2.42
Water soluble fraction-1] —%#¥* 1,04 | —kk 1.48 ok 1.92
” fraction-2| —W¥*k 0.08 —okkok 0.20 —okok 0.16
” fraction-3] —¥di* 0.00 —kkk 0.00 —kdkk 0.08
” fraction-4| —dke 0.00 | —kwkx 0.00 | Rk 0.00
Water insoluble fraciton| 3.77 0.27 1.08 | 5.06 0.20 1.52 | 2.87T 0.35 2.08
# heated, 65°C, 15min. 2.29 0.44 2.08
” 80 30 >1.89 <0.53 2.08
” 80 €0 >1.89 <0.58 2.08
” 100 30 >1.89 <0.53 2.08
” 100 60 >1.89 <(0.53 2.08

* Hemolytic activity was expressed in H.H.U.»
** Total nitrogen was abbreviated to TN.
*** Showing the amount of total nitrogen per four ml of the minimum dilution one in
a series of the analyzing test-tubes.
#wk¥ Showing that hemolytic activity was not found in this experiment.

Table 4. Assay of hemolytic activity of the fractions prepared by the method of
Sakazaki and Tamura.

Strains tested

09 : K23

U.*
per  per

H.H. TN** TN
(mg) (mg)***U.*
in min.
mgTN++ H.H.U. diln.

01: K32
H.H. TN#*

per per i

TN

(mg) (mg)***

n min.

mgTN*+* H.H.U.diln.

05
HH. TN** TN
U*  (mg) (mg)***

per per in min.
mgTN++ H.H.U. diln.

Washed cell
Dried cell
Supernatant 2
F2 of Sakazaki and
Tamura
Dried material of F2
F2 of Sakazaki and
Tamura from water
soluble fraction
F2 of Sakazaki and
Tamura from water
insoluble fraction

—edokak

2.28
—akkiok

2.56

0.44
0.39

2.16  0.47

8.19 | —wee
197 | 21T 0.4
0.08 | —wkkk
2.16 | 2.39 0.4
2.45 | 1.18

0.85

3.04
2.28
6.19
2.56

2. 66

—¥kkk 4.37
192 0.52 2.42
—Hhhh 0.11
2.63  0.38 1.95
— 2.57
—rhk 0.14

12.28 0.08 1.44

*, %%, wkx, #xkk Showing the same properties as described in Table 3.

Y, TR RS b $ 5724

RE L TRLBERIIED 6072 - 10

FESCONTHELMZREL, £2ZR img 72D HHU. (HHU /mgTN) Tt&bLT,
2O % Table 3 ITRL 12, LBEDOMEERIZ, BIROEREMLT Tid 509% BEMHBED bhih

S L DRTIOTH S, 22 HH.U. »i2b ODL%EHRE (TNmg/H. H.U.),

At Bl % 4 B

1o THREL HBRESFREOBEFROLERRE S & E T Table3 iRl i, T4ub bl
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BREARBEOREBEFROLELZES 3.0~4.4mg BE L UTHEL 258, WIFhoOEKkic & 50%
WD A 5N h 5 128, —FEBREHIZLSERE 0.4~0.5mg FHYDOFR T 50% R 2R, %
HHEELRLHOBE B3 LOBMERTL 2, BEHEEOCELMSERTAZNZL, wTh b
2.0H.H.U./mg TN B#EDETH 12, DL D ICHEBEETIX 509 BWMHED 6TV ER
BEATIRBMENED bh 3 T & iEESBRIET & o THERIELT & b OB LF Tl e -
NRERIHEINSY, ZORFRETAHTH L, SHERL TRFELMAIINEEAT S, &
P RE D P 3N KIS L~ 41203 S IWIEEN D S sk o Tobs, EREAL S
FHR AR I N IARBEHES L, 20EREFROLBREZEKEEES 1 OB L 2T IE
EAYRUEERS L5 HEML, 1~2mg FUTREL 2R, 2hFh 09:K23 i34y 3.8
H.H.U./mg TN, Ol : K32 i2# 5.1H.H. U./mg TN, 05 i35 2.9H. H.U. /mgTN &> 5 g
Boh, FEKRE DEBHEKCHEL TZhENBMEREDOENC E¥mbnt, 3, COBEMLHA
FOBIEH M % 05 DAREHEIC OO TRA U ERIZFIL  Table3 kA bh 3 & ¢, 65°C,
15 HEOMBIC & > THEMEIZH 2.9H.H. U. /mg TN 557 2.3H. H.U. /mg TN ~EFTH 3
DIEMEIIBERT 2 L L2 4, 35T 100°C, 60 OB & - T b EkIZELNT, Blfizky 1.9
H.H.U./mg TN L EDE®FL .

b DREERD b SEREE 3 BROBBE A 1 3 M ETIZ, BEMBOKBEESC TR 2 <K
AEEESCDH 3 O LEEIN, WEERROBRC L > THELEFRIZSRIED § OO I
D LOMNPLEHEINTVBLELALNBZDT, DV TLORMET & RED, KK - BHY O
PMEELYR & OS2 B L T, RS IBRE T Y FOEE% 0. 05N v ~ FIMAEE K
¥l 28, 100°C DFEKT T 20 4R IS, NEBTpH7.0 & U TEOLU I EiFId e MRz L TH
Ao BOERERL, COWER pH4A.5 TIRBL, T OKRCED 2R 2H2 2 R OFEY
2F2LIFATN D, BHLIZERBE SHOEBEG LY, H6 OFELZBERUTF2 2R/ML A
mifZREL, #O0OE% Table 4 iRRL I, WES D F2 W FNOBEKRIC DO T L EMER -
T 2.5H.H.U./mg TN BEDEMZRL, Tz F2 2B 38 bz 3 - 12 BB ED
g olz, J5ITHIFESLD F2 2&ENTL, —20°C TREZEBRL HEEWIZ 2hsyh 09: K23
13%7 2.2H.H.U./mg TN, 01 : K32 i3# 1.2 HLH.U./mg TN & F2 it TEEBETL, 05
TREMEBIRED ShighoT, ThHDL L 5RIES D F2 123547 & EBRERICH L TESRE
B LOTIRZVD EHEINS, 51T O5 X2V TKEMESD HIRIGSD F2 258U TZ0D
YRMARD LB % 1770 - 12455R, AKBEMES ARO F2 iz B4 6 e, —FHRREEES R
@ F2i3 12.3H.H.U./mg TN ¢ ) BOBIEERRL I, Th6OEE» 5, RS O fd:
BiYEIIAEROAREHEEISCHRT 5 O HEIN, IRATREREMIRBLD 7 v h Y
MBI X - TiEE2HET O EEA LN S,

U EOEBRFERL S, BRE 3 OBRER. KREEES P ORBEALETIR, &5 O
HRIDE - BRD 2 L BbNn 5, BRELLSD, MNESD o JUOERF LW BEHL T 2XER
MR LD OMEMERLERT & AU 3 ObBEP DOV TRBAEM S Db > TV 2ZVOT, 35
IAFEEER S OO TELERTFOSERER 21T, ChSTRHADER2 ALLICLINNEATD 5,

= L3

BRET Y A2 THENBER: EBRMBROBF2HL»IKT Z L &2, FHKkK T 5 ABPER
FREFORMAEREL TEELEA N3, FE L RAREOMR)IBRBHERK 3 BROEEREE S K
iR JOOKRFESESCABEL T, 2NFNORMEL BRI, KOERERB.

L S, EREE KEEES B JOKTEEE>OROMELHE L &R, WIhofR
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Bikk b (R B AIC IR MR DS SN2 o 128, EREEFID 2.0H. H. U. /mg TN H#& 0¥ i %
AU CHRRKREREER X > THEFHRLA 5 » OB BN T2 T IEREEALND
B2OBFERIARHATH 3, 3IKRAEREES T 3.0~5.0H. H. U. /mg TN %3RU 1205, KEMHES
ICREMEELTED bhieh o I,

2. #RFEOI L 05 OAREHBE OV TIHEMERRHF L 122 &5, 100°C, 60 HEDmEc
FoTHEREDbNY, ZRBLIHH U /mg TN U EDERRL, ThbOiERD 6 KFEERE
SCTRBHEELETOFET 2 L eBRD 51,

3. WSO TVH VIR X ATREMER IS E R ThORRE ST FEEV R I NI,
T2 2 ORMPRIZFEROKTMEESCHEL, ARBEEESIRKE S D7V 4 VLBIC k> T
BMEEZETC BT oM,

Y ICEFRORITED > THBWAHBELBDLY, AR ERET W RS EY
FHESRH REBLPOBEERT B,
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Explanation of Plates

PLATE 1

Kanagawa phenomenon by the strains of V. parakaemolyticus on the surface
of modified Wagatsuma agar added with rabbit red blood cells.
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PLATE II

Photomicrographs of the cells of V. parahaemolyticus (serotype; O5) stained
with Loeffler’s alkaline methylene blue s.s.

Fig. 1. Showing cells washed three times with the solution of 0.01M MgCl,-3), NaCl.
% 500

Fig. 2. Showing cells washed as deseribed in Fig. 1 and then treated by the method of
osmotic lysis. X500

Fig. 3. Showing cells dried at —20°C and then treated by the method of osmotic lysis.
x 500



PLATE 11
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