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ABSTRACT

The influence of ribonuclease on the partially purified samples of streptolysin-S was studied
in an effort to learn something of the purity of the sample and the chemical nature of the
toxin.

Throughout the experiments, I-N-F-streptolysin-S-fractions, which were all prepared
according to the method described by Shoin, were used. Ribonuclease employed was a
purified sample from beef pancreas.

..Lhe principal results were as _follows :_

1) When phosphate-buffered solution (pH 7.6) of I-N-F-streptolysin-S-fraction (I-N-F-
St-S) with an addition of ribonuclease was allowed to stand at 23°C for 15 hours, there
occurred a 16 decrease in the hemolytic activity. -

The same was the case in the control experiment, in which I-N-F-St-S, dissolved simply
in phosphate buffer (pH 7.6), was incubated at 23°C for 15 hours.

It may therefore be said that the occurrence of a slight degree of inactivation in this
course of the experiments could conceivably be attributed to the experimental conditions,
and streptolysin-S itself was not affected, at all, by ribonuclease.

2) On addition of HCl-solution, there occurred only a little precipitation (R) in the ribo-
nuclease digestion solution of I-N-F-St-S, whereas a large amount of flaky precipitation
occurred (C) in the I-N-F-St-S solution of the control experiment.

3) The yield of R-precipitate and that of C-precipitate were 72 mg (corresponding to
72% of the quantity of I-N-F-St-S originally used) and 16 mg (16%), respectively, indi-
cating that I-N-F-St-S was contaminated with a large amount of ribonuclease-sensitive
RNA, which had been added to the culture broth.

The R-precipitate was tested to exhibit hemolytic activity up to a dilution of 1: 40 Mill,,
while the C-precipitate only 1: 5 Mill. The R-precipitate was therefore 2 times as active as
the mother I-N-F-St-S.

It may now be said that, from the ribonuclease-digestion solution of I-N-F-St-S, the
activity was carried down almost completely with the HCl-precipitate.

Both R- and C-precipitates gave positive physical and chemical tests for polyribonucleo-
tide, but negative tests for protein.

The ultraviolet absorption curve of R- and C-precipitates was quite similar to that of
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yeast ribonucleic acid.

Thus, the significance of the data obtained in the present study lies in the following

points :

a) It was calculated that of the I-N-F-St-S, at least, 70 per cent is ribonuclease-sensitive

and non-active RNA.

b) A polyribonucleotide of ribonuclease-resistant form seems to be an essential part of

streptolysin—S molecule.

c) The treating with ribonuclease would be useful steps in the purification process of
streptolysin-S, although a little portion of the toxin may concomitantly undergo loss of
activity under the experimental conditions other than the presence of ribonuclease.
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) #KE (RNA) Tk 5 S0 EINE HE 5K
MHERAD ¥t ¢ & T, REK LD Streptolysin-S
I RNA OEEENEIRC B LT E3 2 M
LLEBE DD IO THRLCEZEND I T
5. L LAHEROXREMFAE L H MBS &,
{fj45y Streptolysin-S (IR EIRECHHE ST 51
FEo 9, EDTCHEEE Streptolysin-8 T A SR
L LT, 20T HESEIRAEE T L
K EDCEENCAZEROWFIBREHEET S LD
SRS S RO 7odIT, RHIFEDR
R BB D, BAH D, OB EKEAR YD &5
N, LrdZd ANICbTELHEN 2D 300855

B

Lok BRTH 2. Bib, AEROAERBIFICIE
IWHTHI BEER LD HF — B EH TS F 5 T EMER
INTR2hPTH 5, FZCOMICRLT, BE
Streptolysin-S & & LT I-N-F-Streptolysin-S-
Fraction ® % ®¢F, % Ribonuclease (RNase) {Txf
THREOHEN S BELEDIET S, FHR Strep-
tolysin-S IEFOME, AFROFEIITHEED
M B Lo CREICELE S ZREEBOT, ¢
CWHRETBCLLET S,

A&z Streptolysin-S 73 RNase DEELZZTIL
WIS T & Uit BEiz Bernheimer ® 082 A

DA I EOTHRBEINTRBELCATHS.

£ BR F &

1) ¥5%! Streptolysin-S &5 :

EEE (S-HE) © 1 %EREEIN T A4 3 VIR KD
EEO 7ra—n SEEY I X DT SR L
I-N-F-Streptolysin-S-Fraction * (L THH St-S &
bIEREY) T, RBRENRMIRAEREL 1: 10 Mill.
DHOE 1: 20 Mill. DHDODOEREEHRAT.

fAnd BABEREBHET, KBk, EEBLR
M, Orcinol- &nikiGM:, Dische- Kt Feulgen- X
eIk, 1 %KMW T3 Ninhydrin- 5USE MK
KIS TH 5, HBCHEDS AL L ifE D 3Nk
KD WAERIZOHHBERNE BZ T, Pisl L
& NICEHIGEE & S-S OIEEIL L7 b O SR
LTR3ETEDOMURTHS.

2) Ribonuclease (RNase) :

SR O OHEERIES 10 mg 2K lcc A

BLzdD (Blh 1% RNase #) %= HET.

3) ERIRR -

Wit I-N-F-Streptolysin-S-Fraction 200 mg *
M/15 BhEsiEEN (PH=7.6) 18cc KM LIcbD%
25 L 2 ROEBELRAEL, KBATT—HKiZ 1
% RNase ¥ lcc ZhnA, fAICIIEEMAK lec 2
25, CCRBLNICHEENL,

R-% : 1% RNase fin 1 : 100 588 St-S %% 10cc
RU

C-%& + 1: 100 ¥584 St-S ¥k 10cc (RHR) Xt
LIATHIC IR, RO X MEATS -

529" RNase OfEAEE S 12RO AN % HlE
FTAKHEPS 0.1ce FEAGE LIk, WE (AR
ZhZEhn 9.9cc L71123) % 23°C ¥* o FEIPBRAIC
b5, 28°C TREBER LDBC &I, 2

* I-N-F-St-S [3ffA%Z @ I3;-Fraction 11, 19 (73344,
%¥ RNase ¥EIEQDBFREIZAK 60~70°C LinbN T A, CORET TR St-S ORI LAEY

L@, 23°C 2RBAK DY TH 5.
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BO®EIMmAMER & UT 0.1cc 25528 UK, @
H(REIENZN 9.8cc 2733) £XAELDT,
16% HCI 0.2cc Zixins (C OB AaEROTL
BEEETINEBEECBOTRECETHA).

KATIELCTE 59— ORI HEEXIEE LTH
BEAEFHREME L CE3EBEORMAEHE LT
0.lcc FEESRT—HEOREE ENENEL 4,
000 r. p. m., 8min. at 0°C) ¢ k>C EiEHk & Lic

SrEET.

BT L CiR98%A T v — v 80ce Fik H DT
TARMEREL 2EME L, EichT -7 v 30cc itk
BIE AT Uictk, BIEEBRERPICHD A, LT
BoNBIKARBRIRO ZERICOn T, 2ORE,
Wiy, B LSENEIROZEELTS. HERIIBEE
7.

£ B K ®

EIRRCELIRIENENIEMEREE =1: 20
Mill. ® I-N-F-St-S-Fraction 218 L LizBa0E
BoRTREE ZORIciThint: S-S IKd 2 kil s
DEFEER LIS DTH 3.

DT &EREDF — 2 LEA B TR HE
AhmzscsEds.

(I) %&3kBTT 1: 100 #8 St-S 9cc (pH=
7.6) L 1% RNase Ji lcc Z A ERD Ri-
R TEEMRAEE =1: 20 Mill. OAfF T50,
ZD Ri- A 23°C FIic 15K R5E L1z Re- Tl
ZOEMmIIH 1/2 /ETF (Bl 1: 10 Mill) LT
B EMERINDD, COBBICET 3 HEOELE
B7ovi Yk (pH=7.6) RUEHAT (23°C) 0L
ICBEE L CIED 72 DT, St-S Hikicxd 2 RNase
OBBIXZED TN &3, RO 1: 100 B
St-S 7 (pH=7.6) BlH Co- HiCBL>TH Cr HIT
LT, MU AEoRE (1: 10 Mill) 2s#g>T
2T ERHBUTHBBETH 3.

X, Re- ¥ Co- Witk Leh£h HCl 25ini
7 Re- WK Co- WILHD T, TOMANLEMN
WIRFMER =1: 5~10 Mill. TH 32 &h5, T
DOEFADKRIMADIETFIZ HCl k3 St-S OIEEIL
IHF~NET HDT, 2O Mic St-S Hikhs RNase
WEDTCEEREEZE DI EEZ SN A4MIZREL
HLIFThHB.

Pl EiZ Ri—»Rs ))’(U?Cl'*C:s EDBFEIT X LTHIC
WRIMFID/TE DS DADELEELMZIDTH B8, U
TRZORBRHWAHEIC DL TDBETH 5.

429 Ri—~Rs EOBERE, RO C—~Cs DB
LTRERDEHSIEBIONES ¢

(a) %% I-N-F-St-S &N Thovz St-S i
R EHZDUBNIEHLINTEBY, 2L Tchicid
EEAE B U T IRED &, BL Tvsy, B,

HCl #FER & 2D TH 353, RNase 34 BE5LT
WL,

(b) R~ & Cs- HE TR, Z0 BEINFERBROR
BhsEl— (1 5~10 Mill) THEC &5, ZNE
 (9.9cc) IKIFHEIRRETEAET 5 St-S ORI
ETHD. '

(¢) Ri—Rs ;20@FEC HCI Al¥EkE & 18D E 28
3. £LTChd St-S &3 KT, sk I-N-
F-St-S {CJB#E L Tl>7c RNA @ RNase (T X Bk
¥, ElH mononucleotides, THBEEZIEN5.

(d) &z AT, —fic RNA ERich2Tid il
RNase-sensitive @ & @ PAFMC 738 RNase-resistant
DHDOMEENTZEINTE D, 19,15, 15, 17
X, BrEE Lk sk FN-F-8t-S iz RNA ®
S @i nge S-S HBAEL TR EKA D T &b
BEMRIZNECATHIDE, 4hbOBEED
ZRICANT Re- LT Co- IMOWNEAEWET 5 &

Rs- i : &4 S-S, JE@EL St-S, Mononucleotides

(RO 437872 LCl> 3 RNase-sensitive RNA),
RNase-resistant RNA, RNase

Cs # (WFE) : &M St-S, JEE{t St-S, RNase-

sensitive RNA, RNase-resistant RNA

DI EA D, £ LT O @ L HCl v
X B OBBRESMA SN BIE0E, PR LB Re B
m5 i Mononucleotides 254 e B3N &
NEZETH5.

MHEU kDT, Re S HC Jhic X o TH
Mex 7z ReFraction, KU Cs~ b S HCI yLiltic
LD THAEEI 7 CoFraction & DU T Hh#gym
RBORBEIC R 5L, £2TREROICBORDHHOD
NHBCELEICEEINLD.

Bl%, Rs-Fraction (I JSMMFRFIEEE =1: 20~40
Mill. ¢, 20O EINFEIE T BT Co-Fraction (1 :
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Eis

5~10 Mill.) i€ 4~8fEL T3 LW HFFRIE

1) Ri—=Rs~ HOBETRE Ci—Cs HOBELIZ
BEOLBREMEEIN TS, 21T

2) chkid R- R& C- ROWERMIC BT 24
BEHELTE—DLDTHS RNase OfF - HHH
HLUTH3
CERTRBRL TR CELZEERTNEIDENA
K9,

(M) ict> Xtk Ry-Fraction & CyFraction &
KB LT TH 505, 4RNHE,SERIN K, B
BT BUT Ry-Fraction (1: 20~40 Mill)) E
Cs-Fraction (1: 5~10Mill) i 4~8{5L, ZDH
DINEIZ B THIE (16 mg) B44%E (T2mg) O W2
BEThb, Lhrd HEE ANd Polyribonucleotides
ELTEH SN L SBRIOHEELBZECHE
BANITIROIML TH B :

(a) Ry4-Fraction & Cs-Fraction +DINEZE (BIb
72 mg—16 mg=>56 mg) (I CsFraction 5 FEINB
RNase-sensitive polynucleotide EiC#4 4 5. #ED
“C Cq4-Fraction “Ci2 2D 34 FZE D RNase-sensitive
RNA T, b DYWi3iEME St-S, Je@fk St-S, RNase
-resistant RNA X075 3ELRo6N 3.

LT Cs- & Cy-Fraction & SYFIMARES 251>
CTHKE (1: 5~10 Mill) TH 2 &id Co RITBY
AR (FBH St-S, @l St-S, RNase-sensitive
RNA, RNase-resistant RNA) 252D % 3 D LREEZ
C HCl bk U7z b D)3 Ca-Fraction CTH 3 & %2HUR
LTk, L TEEIMDITDTEM -N-F-5t-S
THIR, #D%UMEYEED RNase-sensitive RNA ¢
SOk LHEINBELI DY THA.

(b) Rs- HMOWEHS HCl rhilic k2T Mono-
nucleotides 25744 & MrE I D2 Re-Fraction
Td v, T i iEE St-S, FEE{L St-S, RNase-
resistant RNA (RO E® Mononucleotides, FR7E
L Tt>% RNase-sensitive RNA J (¥ RNase) 2573
AEEZ LN B, M LT CsFraction & Ry-Fraction
EOBRMIHD 1: 4~8 THB T E05 Reld Ci &
YHBICEITIEN S S BE, 4~8EbE0n
BEO St-8 ERThiLnE3.

(¢) I-N-F-St-S ic%fd % RNase JLEHKH 5 HCI
YEBRIC X2 C XLz Re-Fraction {3, ZO ¥
JHC B TER FN-F-St-S X 0B > T 2D TH
555, L Ri—=Ry OEET 7 v A Y, BEETIC
HCl iz k2% St-S OF@bx L8 o 5561,

Rq-Fraction DI EIR I THEEETHS.
(d) <3 Uk T, Re-Fraction KR E LT
Polyribonucleotide & UTOME - {bEEpgERER LT
B, ULrdEREO I-N-F-St-S L2, BEEANIG
BRETHLEVLIRBRCERT 235E, 2CkH
5 St-S SFclid 1z < & ¢ Ribonuclease-resistant
polyribonucleotide ASEE LRI AT L T35 D
THAIEDELIPBDOTCREECAHTHA.

U3 RmiRREE =1 20 Mill. ©® I-N-F-St-S
I DU T RNase JLE EER DR TH 528,
EREEEFR O Bkl OEMRAMEEE =1 10 Mill. ©
I-N-F-5t-S ERZxW5%R & Lic RNase 2 62C9 5%
BIEERICBOLTHEI L.

s, SEEROBER FN-F-5t-S 3472 <
Ld St-S & RNA LOREAHYTHS. £ LT RNase
W &DC RNA QI3RS CTRAESI NI,
St-S OFEAEINTI FZOIk, LEWATD MK
St-S OF Tk EREIRIC B 5 #3E - [LENFED
TeDIEFE LIRS E LTERLBSECA
THEHD.

LTAT, FUBMEIDODCEREELOLEBELD
Td, 2OANLBEMLEDICEBRETHD, Th
DSBHFEEE Cld £ O AR E OB LT By CEE
BABUEBELEZLEN D b C LICEEITHNS
¥, 4E#EBOEST Streptolysin-S gEICx L%
OLEE s REOBEARCEDBEEFARERR UL
&, Streptolysin-S & RNase-resistant-polyribo-
nucleotide & ORICIE AT OAE R ICBEHE L T4
DEELTEZBROLOBHEENIF~ 2 2RHEL
TLERREBRETHEDT, TG OREr HIEb &
X0, —HHICAEROBRICERETS I &L
DA RSN EETRE TR ELDIHINES
RBETDHA I .

733 Bernheimer 19 BUMRA 9 k> T, RNA @
3 U RNase ZfEF& L 78D 5 538 L7c RNase
-resistant polynucleotide (E[1% Bernheimer ZDFR
B AF) 2AEEO St-S EHEHEIEYE L 23RIT
BOTEMBCERL Q3 D05 EHFERER
Ty, XHL ™ i ko ¢, BIEmL St-S
BERBEELD b St-S MEHRICBLTHED>TH 2
LHEIN TR B &, ANLSEEROKRIR
WD LLT, PR RET20D0855L
WAL DD,
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A TICRER

BER O HEIR I & S EEROBRREEC RO
Wl TH 3.

(1) 98k I-N-F-Streptolysin-S-Fraction iZid
Streptolysin-S DIFMc i RNA 4T T 3125
3 EHEBINIENE b, THICHT 2R ELSH
INTHIEMLDI, &AM I-N-F-Streptolysin-S-
Fraction %S RNase {€ XD CHANIICE L T35
BEERT MO TEICEE S h, £DOBELL
TR T RNA OREET B &5l h, U
HLZDEBRUCOREEMEINZICE DK,

(2) I-N-F-Streptolysin-S-Fraction i€ xf L
RNase 7% BhESIREK (pH=7.6) T 28°C F, 151§
RI/ER & Ld7z4%, HCL 30l BIEE MZ 2 &5
BT,

a) JE7Ed 5 RNase-sensitive RNA (3 HCI ek
O EAMA (Mononucleotides) T 43f# X4, 5 A3,
Streptolysin-S D 75i3 RNase OBEALLFEL T &
DIZ,

b) ML CELAHEEC & DT RNA OREAK
(Mononucleotides) (3 L& ICFRET AL Stre-
ptolysin-S d 53z HCl yhilgftk® RNase-resistant
Fraction O F~NEIN 3.

3C
1) Okamoto, H.. : Japan. J. Med. Sc., IV.
Pharmacol,, 12, 167, 1940. 2) @& B

BB & o itk { Streptolysin-S HEODORE
B, ML v EU L, 3, 145, 1945,
3) McCarty, M. : Streptococcal Infections,
Columbia University Press, 1953. 4)
Okamoto, H., Koshimura, S., Hirata, R.,
Murasawa, K., Bando, Y. and Shimizu,
R. : Z. f. Krebsforsch., 62, 408, 1958.

5) Wi - M« WH : B A R Y 2, 33,
370, 1941. 6) Bernheimer, A. W. :
J. Exp. Med., 90, 373, 1949. 7) e -
eoXB TR AKR-EK 0 ERBEEE 1,
211, 1948. 8) Shoin, S. : Japan. J.
Exp. Med., 24, 13, 1954. 9) Sk -
AR Tk TH AR : EREERR, 3, 120,
1949. 10) Hosoya, S., Hayashi, T.,
Homma, Y., Egami, F., Shimomura, M.

T &R I NI,

(8) zhizod Streptolysin-S DREEHTIX, A&
FHHRIIAE AT Polynucleotide HEXOKEEECTH A
HNI UPBRELNTDELIIRETH DR, b
7k RNase-resistant Fraction D - {LEfHEIRIC
DT O BETT, A#I4 12 Polyribonucleotide
T, BARCRETHZ 0L IEEMSELNL, i
Streptolysin-S 4> FTi34r73 { & % RNase-resistant
polyribonucleotide EEIHERIL AT LT BKEA
HENI—HFEAILE L AIERHZ LB IRED:,

(4) I-N-F-Streptolysin-S-Fraction T % 3 %
RNase flZZiE7Ad 2 RNase-sensitive RNA 2§
EZT2 L FERIZFR TH S, L LT OHBE
Streptolysin-S {37 & % RNase 232 BEINI
(&b, EBREHF (pH, HEE, HCL E) ORBFRTER
BRONERBELICRFT L0 I BnEc &M
BHEd, RAEE Streplolysin-S WKHETZHD
MH B ERRNIL,

(6) ZEFRICAPIEICL DT Streptolysin-S @
BRSO 2 O AE IR g AFIIRICH R0
TRichlFTh 3.
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Table T
Experiment for Separating Ribonuclease-resistant Fraction from

Ribonuclease-digested Solution of Purified Streptolysin-S Preparation

200 mg of I-N-F-streptolysin-S-fraction was dissolved
in 18 cc of M/15 phosphate buffer, pH 7.6

\Z

9 cc

1 mg RNase in 1cc

of distilled water
Ri-Solution—»M.H.C.=1:20,480,000

Placed at 23 °C for 15

hours
Ro-Solution—~M.H.C.=1:10,240,000

After cooling at 0°C, 0.2
cc of 16% HCl was
added, and then placed

at 0°C for 5 minutes

Rs-Solution—+M.H.C.=1:5,120,000~10,240,000

Centrifuged at 4,000
r.p.m. for 8 minutes at
0°C
V) 14
Supernatant Precipitate
i

discarded After washing with 98%
alcohol 2 times and ether

once, dried in vacuum

\/

R4-Fraction

Greyish~white, amorphous
substance
Yield : 16mg (16%)

M.H.C.=1 : 20,480,000

Remarks :

v

9cc

1 cc of distilled water +

C-Solution—M.H.C.=1:20,480,000

Placed at 23°C for 15

hours

Ce-Solution—M.H.C.=1:10,240,000

After cooling at 0°C, 0.2
cc of-16% HClI was
added, and then placed
at 0°C for 5 minutes

CsSolution—+M.H.C.=1:5,120,000~10,240,000

Centrifuged at 4,000
r.p.m. for 8 minutes at
0°C
} ¥
Supernatant Precipitate

Y
discarded After washing with 98%
alcohol 2 times and ether

once, dried in vacuum

1 4
Cy-Fraction
Greyish-white, amorphous
substance

Yield : 72mg (72%)
M.H.C.=1 : 5,120,000~
10,240,000

In the hemolysis test experiment with Ri-, Re- and Rs-Solutions, as well

as Cij—, Co~ and C.-solutions, 0.lcc was removed from each of the

solutions.

M.H.C.= Minimum hemolytic concentration, as judged on a weight basis
of the 1-N-F-streptolysin-S-fraction. .
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Table 1L
Showing the Result of Hemolysis Test Experiment
with the Samples signified in Table T
Dilution of I-N-F-streptolysin-S fraction
sls|slesles|es|s|sleg|eglg|glzs
< < < < < < < < < < < <. <
smple |5 S 8|2 5|55 8|5 5|5 8|5
R
Ri it it i 1t Hit it i it tH +H + - -
C1 it Hit it HHt HHit it it it H H + - -
o
-§ Ra it 1 Hit it Hit Hit it i +H + - - -
;9) Co 1t HHit Hit i i 1 Hit Ht H + - - -
R3 it Hit Hit 1t Hit it 1t H + + - — -
Cs i Hit it HHit Hit H#it i +H + + — - -
3 a| R4 Hit HHit it H Hit Ht Ht Hit H H + == -
mE| Co | | M| M | M| M| oW | ow | & |+ | £ | — | — | ~
Remarks : {iif indicates complete hemolysis; #t, ++, +, =+ indicate partial
hemolysis ; — indicates no hemolysis. ;
HE R+FU CsFraction OIXE, EMS, B - {LEHIEIRO ik
Fraction ‘ R Cs (I-N-F-St-S)
I g | 16mg T2mg (100mg)

Bom R AR

’1:20,480,000~40,960,000 1:5,120,000~10,240,000

(1:20,480,000)

Al & EERAED Polyribonucleotide & UC#ERII iz, Bib

% % | MR e &R R
FToa—i, T—FILRRE Faa—i, T

2 om 7 a3 KICRIETH 3 A3 NaaCOs 12 ~ F MR
. K 2RI TR IR KL G
it | Orcinol FJ& H H
% | Feulgen F i — -—
#9 | Dische Fio ; — —
# | Ninhydrin K& l _ +

(1 %XBBEIT BT 3)

JR | Tetrabromophenol-

phthalein ethyl ester
Ik 2 EEBRERIS
(1 %KIEHIC BT %)

%%ﬁ&W1&arw|

EEgBREEoZzh AR (H1BRoCL)
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o5t Fig. 1 Absorplion spectra

C4-Fraction
R4-Fraction
06}

Extinction
i

02t

Each sample in a dilufion
of 1:30000 at pH70

220 240 260 280 300
Wa,veleng'th . M
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