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BBA 3950 

L Staphylococcal ~=Se~Rgiy.-~. ~tI~ti  has the capacity to hemolyze human 
erythrocytes, was purified 'Sy , ~ < ' ~ 0 m a t o g r a p h i c  teclmique using calcium phos- 
phate gel and frieth)-lami~oe~-~e~a~0se.,, and it was obtained in crvstalline form. 

2. The sedimentation ~ ~N0~re~i a high degree of homogeneity of the 
crystalline toxin. The sedimentalti0m ¢o,~stant is 6.1 S. The intrinsic viscosity is 
5.5 ml]g. 

3. Complete amino acid ~ sN0,we(I that the toxin is constituted of the 
following 609 amino acid residues.- A.--~,, 74; TIar, 47; Ser, 40; C-!u, 42 ; Pro, 3; Gly, 45 ; 
Ala, 39; Val, 3I ; Met, 25 ; iLe~., ~9;; ]-~,. 4:$;:TrY, 7; Phe, 48; Try, xo: Lys, 88; His, 2; 
Arg, 4; it has a molecular we':~htt ,0,ff ~6~23o,. 

4. The toxin is heat labile. I~ ¢a~ be easily digested by trypsin and loses its 
hemolytic activity by the , ~ = .  

ILX"glKO~D~rCTIO N 

The existence of a staphyloeoecad Nem~0~-ti¢ toxin, characterized by its capacity to 
her/iolyze human e_rytbJocy~es, ~ are generalIy considered resistant to direct lysis 
by  ~- and fl-lysins, has been d,em0~tratte~:P -~'. However, it has not previously been 
purified, and neither its chen~ic~ll eNara~er~stics nor its immunological and biological 
properties are know1% 

In the present work, ~-hemc~:si~ ~ crystallized from the culture medium of 
Staphylococcus aureus. Moleumlar ~re'zgh~,. amino acid composition and some of the 
chemical properties of the t.oxi~a ~ ek~_4gated. 

~-~qIV, P,X,M.,S 

Bacterial  s train:  S.  au, r~us ~ f i ~  F o g # e ,  furnished by Dr. G. P. GLADSTOXE, was 
used in the experiments. 

Yeas t  e~ract :  Oxoid yeast e x l r a ~  m~ed for preparation of the culture medium. 
T r y p s i n :  Worthington's ca3-_~l~e ttr~,'psi~ was used. 

Abbreviation: CM, carbox-3-me~wL 
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Silicic acid: Unisil (activated silicic acid) purchased from the Clarkson Chemical 
Company, Williamsport, Pa., was used for chromatography. 

Celhdose ion exchanger: CM-cellulose and TEAE-cellulose purchased from Serva 
Entwicklungslabor, Heidelberg, were used for chromatography. 

Calcium phosphate gel: Calcium phosphate gel (hydroxylapatite) was prepared 
by the method of TISELIUS, I-tJER'rI~N A:~D LEVIN ~. 

EXPFIIIMENTS AND RESULTS 

Culture method 

fhe  bacteria were cultivated in the CCY medium ~ containing 20 % (v/v) of yeast 
diffusate prepared from oxoid yeast extract.. Good 8-1ysin production was observed 
in I-1 culture medium ~placed in a 3-1 conical flask under gentle gyro-shaking at 37 ° 
for 18-24 h after an inoculation of 5 o m l  of 2o-h culture. Vigorous shaking or hard 
aeration remarkably reduced the toxin production. The toxin could be produced also 
in the CCY medium containing Difco yeast extract and in Difco tryptlcase soy broth, 
but it was less in amount in these cases. 

The 3-hemolysin activity in the medium increased, without lag, in association 
with the bacterial growth, and reached a plateau (3o-6o units/ml) after cultivation 
for 18-2o h. 

Assay of hemolytic activity 

0. 5 ml of 2 % suspension of washed fresh human erythrocytes in saline phosphate 
buffer (o.o2 M phosphate buffer (pH 6.8) containing o.o4 M NaC1) was added to o.5 ml 
lysin suitably diluted in the above buffer to give a total volume of x.o ml. After 
incubation for 15 rain at 37 °, the unhemolvzed cells were removed by centrifugation, 
o.5 ml of the supernatant solution was diluted to 3.0 ml with o.x °o sodium carbonate, 
and the absorbancy determined at 541 m/z ~m a Beckman spectrophotometer. Hemo- 
lysis was linearly related t ,  lysin concentration, provided lysis was not greater than 
7 ° % nor less than 35 o; of total hemolysis, and hemolysis reached a plateau after 
incubation for 15 min at 37 °. 

One unit of hemolysin is defined as an amount of lysin which causes 5 ° % hemo- 
lysis of I ml suspension of 1% human erythrocytes under the conditions of assay. 

Isolation and crystallization o[ 8-hemolysin 

I t  has been reported that  8-hemolysin is soluble in aqueous alcohoV, and it was 
found that  crude lysin is st,luble in chloroform-methanol  (2:1, v/v). These facts 
strongly suggested that the toxin might be lipid, lipoprotein or a related compound. 
An at tempt  was made to isolate the toxin by  silicic acid column chromat%~raphy 
after previous extraction of the toxin with aqueous alcohol and chloroform-methanol 
(2 : I, v[v). The procedures are summarized in Scheme I. 

A silicic acid column, which absorbed the crude toxin, was eluted with chloro- 
form-methanol  (75:25, v/v), chloroform-methanol  (50:50, v/v) and absolute metha- 
nol successively until the effluent became colorless and, after that, it was eluted with 
aqueous methanol ~f gradually i_ncreasing water content. A typicM elution pattern 
is shown in Fig. I. 
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~546 A. YOSHIDA 

SCHEME 1 

P U R I F I C A T I O N  OF (~-HEMOLYSIN 

Culture medium 
centrifuge, 7oooo × g for I5 min 

V;upernatant 
mat for 30 min at 60 ° 

centrifuge. 1ooon v g for 2~ miv. 

Supernatant 
adjust to pH 4.0 with acetic acid 
add (NH4)zSO 4 (6oo g/l), hold overnight in the cold 
centrifuge, 27o0o × g for 3 ° win 

Precipitate 
dissolve in HzO (pH 9 with NH4OH) 
dialysis against water 
lyophilize 

Lyophilized powder 
extract with 75 % aq. ethanol by sonic oscillation 
(I0 kc, 2oo W for 3 ° min) in the cold 
centrifuge, repeat 3 times 

Extract  (supernatant) 
evaporate to dryness in vacuo 

Toxin powder (aq. ethanol extract) 
extract with chloroform- methanol (2: I) 
centrifuge, repeat 3 times 

Extract  (supernatant) 
evaporate to dryness under a current of air 

Toxin powder (chloroform-methanol extract) 
dissolvc in chloroform-methanol (75 : 25) 
fractionation by silicic acid columr, chromatography 

Hemolytic fraction 
dialysis against water in the cold 
lyophilize 

Toxin powder (purified through silicic acid column) 
fractionation by CM-cellulose column chromatography 

Hemolytic fraction 
dialysis against water in the cold 
lyophilize 

Toxin powder (purified through CM-cellulose column) 

N o n e  of t h e  t h r e e  l ipid f r ac t ions  wh ich  were  e lu t ed  w i t h  c h l o r o f o r m - m e t h a n o l  
a n d  abso lu t e  m e t h a n o l  h a d  a n y  h e m o l y t i c  ac t iv i ty .  

T h e  t o x i n  p e a k  o b t a i n e d  f rom t h e  silieic ac id  c o l u m n  was  d ia lyzed ,  lyoph i l i zed  
a n d  f u r t h e r  pur i f ied  t h r o u g h  a CM-cellulose co lumn.  T h e  e lu t ion  p a t t e r n  f rom t h e  
CM-cellulose c o l u m n  c h r o m a t o g r a p h y  is s h o w n  in  Fig. 2. 

Yie ld  a n d  specific a c t i v i t y  of t h e  t o x i n  a t  va r ious  s tages  of t h e  pur i f i ca t ion  a re  

s h o w n  in  T a b l e  I. 
F u r t h e r  pur i f i ca t ion  of t h e  t o x i n  b y  a CM-cellulose co lumn ,  elut~ng w i t h  d i f fe ren t  
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c o n d i t i o n s ,  is n o t  p r a c t i c a l l y  useful ,  b e c a u s e  t h e  t o x i n  is n o t  v e r y  so lub le  in a b u f f e r  
s o l u t i o n  a t  n e u t r a l  p H  a t  t h i s  s t a t e  of  pu r i f i c a t i on ,  a n d  i t  d e p o s i t s  in  t h e  c o l u m n  
dmir~g .L~ 1 (-" ct,w C,'d ~!O,~. 

A n o t h e r  m e t h o d  w h i c h  w a s  u s e d  for f r a c t i o n a t i o n  a n d  c r y s t a l l i z a t i o n  of  ti~c 

h e m o l y s i n  is s h o w n  in  S c h e m e  2. C r u d e  t o x i n  w a s  f f a c t i o n a t e d  t h r o u g h  a c a l c i u m  

p h o s p h a t e - g e l  c o l u m n  a n d  T E A E - c c l l u l o s e  c o l u m n ;  t h e n  t h e  t o x i n  w a s  c r y s t a l l i z e d  
f r o m  T r i s  b u f f e r  a t  p H  8.6 b y  d ia lwi : ; .  

I 

i ~) 

I ~ .  _:'., ..... - j .  .N . . . . . .  I } ' :">" 
~r----rnetnanol, groduolly increasing ~ ona H + • ~1 

EFFLUENT VOLUME ( m l l  

Fig. I .  Elution pattc'rn of crude ~M~cmolysin 
ft'onl silicic acid column. 45 ° mg of toxin 
powder (chloroform-methanol  extract,  45 
units/rag) was dissolved in chloroform--metha- 
nol (75:25, v/v) and placed on a silicic acid 
column ([ × 18 cm). The column was washed 
with chloroform-methanol  and abs(flutc metha-  
nol until the effluent became colorless. The 
toxin was elated with aqucous methanol, gradu- 

~0.005 M acetate buffer(pH43) 0-O,e M RQCI graduc~ly 
EFFLUENT VOLUME {m, )  

Fig. z. Elution pat tern  of partially purified d- 
hemolysin from CM-cellulose column, i 17 mg 
of toxin powder (purified through silicic acid 
column, 9o units/mg) was placed on a CM- 
cellulose column (1 :< zo cm) buffered with 
o.0o 5 M acetate buffer (pH 4.3) and eluted with 
a salt gradient in the cold. ;< - - / ,  absorbancy ; 

O-- -O,  hemolytic activity. 

ally increasing water content  with o.oi  tlCI in the cold; mixing chamber 15o ml. ;< - / ,  ab- 
sorbancy ; O - - - O, hemolytic activity. 

T y p i c a l  e l u t i o n  p a t t e r n s  f r o m  c a l c i u m  p h o s p n a t e - g e l  c o l u m n  d , . o m a t G g r a p k y  
a n d  T E A E - e e U u l o s e  c o l u m n  c h r o m a t o g r a p h y  a r e  s h o w n  in  F ig .  3 a n d  Fig .  4. 

I n  F ig .  4 i t  wi l l  h e  s e e n  t h a t  t h e r e  a r e  t w o  h e m o l y t i c a l l y  a c t i v e  p e a k s .  T h e  fas t  

p e a k ,  w h i c h  is A 2so/A ~60 = 1.4, h a s  h i g h e r  h e m o l y t i c  a c t i v i t y  t h a n  t h e  s l o w e r  p e a k ,  

w h i c h  is  A~so[A2so = 0. 9. T h e  s l o w e r  p e a k  m a y  b e  n u c l e o p r o t e i n s  w h i c h  a re  cen*.am,-  
n a t e d  w i t h  t h e  t o x i n .  

TABLE I 

RECOVERY AND ACTIVITY OF TOXIN IN THE PURIFICATION 

Stage o] pur:Jicat~on Volume Acti~ff4y Total activity Recovery 

Culture medium, heated and centrifuged 
Toxin powder, precipitated with (Nl-la)zSO , 
Toxin powder, extracted with aq. alcohol 
Toxin powder, extracted with chlorotorm-  methanol 
Toxin powder, purified through ailicic acid column 
Toxin powder, purified through CM-cellulose column 

I5oo ml 35/ml 5a5oo ioo 
850 mg 3o/mg 25 500 49 
5 ,o  mg 4o/mg _,o 800 4 ° 
450 nag 45/mg zoooo 38 
i i  7 mg 9o]mg 1050o zo 
67 mg xzo/mg 8050 15 
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548 A. YOSHIDA 

SCHEME 2 

P U R I F I C A T I O N  O F  ~-HEMOLYSIN 

Superna tan t  of hea ted  cul ture medium 
dialysis agains t  water  in the  cohi 
concentra te  in dialysis sack covered by polyvinylpyrol idone 
lyophilize 

Lyophilized powder 
fract ionation by calcium phosphate-gel  cohunn  ch roma tog raphy  

Hemolyt ic  fraction 
dia!::sis ~g~inst ~v~tnr in fhP rnl(1 
lyophilize 

Lyophilized powder 
fractionation by TEAE-cellulose column ch roma tog raphy  

Hemolyt ic  fraction 
dialysis against  water  in tile cold 
lyophilize 

Lyophil ized powder 
dissolve in a small  volume of 0.05 M Tris buffer (pH 8.6) 
centri fuge 
s u p e r n a t a n t  was dialyzed aga in t  water  in the  cold 
centr i fuge 

Precipitate (uniform shape particle) 
dissolve in a small  volume of the above buffer 
t rea t  as described above 

Crystailine ,)-hemulysiu 

o 2£ ~. 

~, .2  \ '6 

I 11 t ,oo 

125 2.~50 375 
g-~IM I m O ~ t e  W~--- 0.1 -~SM phosphate i ~ f f ~  ( pH 6.8) 

buffer (p~ 6,8) groOuolly 
EFFLUENT VOLUME (ml) 

Fig. 3. Elut ion pa t t e rn  of crude ~5-hemolysin 
from calcium phosphate-gel  column. 1.55 g of 
crude toxin  powder (18 units/rag) was placed 
on a calcium phospha te  co lumn (z x 5 cm), 
and  eluted with  buffer of increasing concen- 
trat ion.  × -  x ,  absorbaney;  O- - -O ,  iaemolytic 

act ivi ty.  

~\ /~ ,200 L iooo ~n 

800 "~ 
600 ~ 

n 400 ~,  

20 40 60 80 100 120 140 
m-o -0.1M NoCI gmOua~y ~ 0,5 M NaCL throughout "EFFLUENT VOLUME (ml) 

Fig. 4. Elut ion pa t t e rn  of par t ia l ly  purified tS- 
hemolys in  f romTEAE-cel lu lose  column, i 85 m g  
of toxin  powder (purified th rough  calcium 
phospha te  column, 13o uni ts /mg)  was placed 
on a TEAE-cellulose co lumn (I × t5 cm) 
buffered with o.oo5 M Tris buffer  (pH 8.6) and  
eluted with a sal t  gradient  in the  cold. x - -  × ,  

absorbancy;  O --- O, hemolyt ic  act ivi ty .  - 
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The  fast  peak  was (lialvzv(t, ly-l)hiliz(,d and  used for crysta l l izat ion.  W h e n  the  
lyophi l ized powder  was  dissolved in the smallest  a m o u n t  of o.o 5 M Tris buffer (pH 8.6) 

and  the  solut ion was  dia!vzed against  dist i l led wa te r  in the  cold, there  developed  

a p rec ip i t a t e  which had  a silky sh('(,n and un i fo rmi ty  of shape.  Crysta l l iza t ion could 
be effcctcd by  repea t ing  thi~ pr,)('(,dur(,. R()d type crys ta ls  ()r, occasionally,  lozenge 
t y p e  c rys ta l s  were  depos i t ed  (Fig. 5). 

Yield and  ac t iv i ty  ()f th(, t,)xin ,tt various s ta tes  of the purif icat ion are shown 

in Table  II .  
B-Hemolysin recrvstalliz(,(t 2 -3 tim(,s was used in the following exper iments .  

f . \  IH .l,~ I1 

l{g(.7OX,|~li~ :~..i, .'~, ii',;i"," ::~: T(~N['C ['~7 "r}!!( I,I'ItlI-'It'X'I'I()N 

l ",,fume 
Stage of purilicat i,,n ,,)" w,'l".ht 

Culture medium, heated and centrifuged tooo I111 
Toxin powder, dialyzed and ly()philiz.,.I 155o mg 
Toxin powder, purified through calcmm i)i.)~l)i.ttt ' t(fittlul~ ,',;5 ;:.~ 
Toxin powder, purified through "I'E.~ F.-cvlluh)st. column t)8 nag 
Crystalline toxin (- times recryst.l" 1,, m g 

* NO further increase of spt't'itic attixitv ,)f tilt' toxin v.::~: "~b:,'rv,'O ~)ftor r('(:rvstalli/~lti()n 
2 times. 

(units) (units) (",,3 
. . . .  

4o/ml 4oooo ioo 
IS/rag -~ooo 7 ° 

22()/lng 15000 37 
4oolmg ~,4oo l~) 

Fig. 5. Micrograph of 0-hemolysin crvs- Fig. 6. Schlieren pattern of highly purified 6-hemo- 
ills. Approx..'< 300. Ivsin in the centrifuge at 5978o rev./min in o.05 M 

phosphate buffer (pH / . z }  

M e a s u r e m e n t  o f  s e d i m e n t a t i o n ,  v i s c g s i l v  a n d  m o l e c u l a r  w e i g h t  

Ul t r acen t r i f uga t i on  e x p e r i m e n t s  were carr ied out  in a Spinco Model E cent r i fuge  
at  ~. speed  of 59 780 lev . /n l in  and  at  i oom t empera tu re .  The concen t ra t ion  of t he  

Bioch im.  Biophys. . -1eta.  7I (~963) 544-553 
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pr . te in  was approx, o.4",, and the solvent employed was 0.05 M phosphate buffer 
at p t t  7.2. 

Schlicr('n pat terns  of purified toxin show single sedimentat ion boundaries (Fig. 6). 
This fact indicates a high degree of homogeneity. The sedimentat ion constant  (s20,~,) 
~,stim3tt'd from the experimental  results is 6.I S. 

\'i.;c¢;::it). ::t f.,~v,,,- different c,~n,'ontrations ranging fr~)m o.2°~, to 0. 7 % of the 
t(~xin, wa* measured in o.I M Tris buffer (pH 8.6) at  25 °. Intrinsic viscosity [~/3 of 
the t~,xin estinlatcd from the experimental  results is 5.5 ml/g. 

l:r(ml tile sedimentat ion constant  and the intrinsic viscosity, together  with an 
assumed value for part ial  specific volume of 0.725 ml/g, and @~;'~P-1 = 2 .6 . Io  6, the 
moh,ctllar weight of the toxin may  be calculated from the MANI)F.I.KERN-FLoIIY 
eqn:lt i.nt~; a value of 74000 was obtained. 

The molecular weight o! tile toxin was es t imated aiso by  the simrt coiunln 
eqtfilibrium molecular weight determinat ion procedureL Ultracentr ifugation was 
carri~,d -n t  in o.I M Tris buffer (pH 8.0) in Spinco Model E centrifuge equipped with 
a light s~mrce for Rayleigh optics using a synthet ic  boundary  cell. The molecular 
weight es t imated from the concentrat ion at  the top of the cell is 72000, and the 
\al t le  (,l~tatned from tilt' coilcelli,ai.itJit a t  the bot t , ) , ,  of the cell is z5~3ooo, employing, 
an assumed part ial  specific volume factor of o.725 ml/g. 

Chemical composition of ~-hemolvsin 

The t()xin was hydrolyzed completely in constant  boil ingpoint hydrochh)ric acid 
at :(~,~' f~lr 2:,: h in an evacuated sealed tube. The hydrolyzates  were evapora ted  to 
drwws~ in v~,cuo over NaOH. Amino acid analysis was performed by  a Spinco auto- 
matic amino acid analyzer.  

Tryptophan  was es t imated by  measuring the ext inct ion at  294.4 and  z8o m/z 
c()rrecting for spurious absorption as described by (;oOl)WlN AND MORTON 8. 

The amino acid composition, assumed numbers of amino acid residues in the 
toxin molecule and molecular weight are presented in Table I I I .  

l-Iexosamine content of the toxin was es t imated by  Elson-Morgan 's  method 
m(~dified by Rl.~ll.XGToxgafter complete hydrolysis  of the toxin in constant  boil ingpoint  
hydrochloric acid at  I Io ° for 20 h. Hexosamine was not detectable  in the hydrolyzates  
of the toxin. 

lqv)spll,)rus content  of the toxin es t imated by F i ske-SubbaRow's  method af ter  
hvdr~>l\sis is less than o.o5°.o. 

The anah'sis indicates that  the 3-hemolysin molecule (molaeular weight 68 23o 
from amino acid composition) is const i tuted of the following 6o 9 amino acid residues: 
Asp, 74; Thr, 47 : Ser, 4 ° ;Glu,  42 ; Pro, 3 ; Gly, 45 ; Ala, 39; Val, 31 ; Met, 25; iLeu, 59; 
Leu, 45; Tyr, 7; Phe, 48; Try,  IO; Lys, 88; His, 2; Arg, 4. 

Trvptic digestio;~ of ~-hemol3,sin 

In -r(ler to dist inguish whether the protein obtained actual ly has hemolyt ic  
capaci ty  or whether a trace of non-proteic hemolytic substance is associated with 
a non-hemolytic protein, t rypt ic  digestion was applied to the crystall ine ~-hemolysin. 

The t rypt ic  hydrolysis  was determined at 25 °. The substrate  (crystalline 8-hemo- 
lysin) was present at  a concentrat ion of o.2 % in o.I M phosphate  buffer (pH 7.8) 

Biochim. Biophys..qcta. 7t (1963) 544"553 
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a n d  t i l e  c o n c c n t r a t i - n  ,)f t : . ,  I M n  w a ,  o . o o 2  % .  T i l e  c o u r s e  of  t h e  h v d r ( , l v s i s  a n d  t i l e  

d e c r e a s e  of  h e m o l y t i c  a c t i v i t y  a r c  i n d k  a t e d  b y  t h e  c u r v e s  s h o w n  i n  F i g .  7. 

T h e  r e s u l t s  s h o w  t h a t  t h e  h e m ( ) l v t i c  a c t i v i t y  d e c r e a s e s  w i t h ,  o r  e v e n  m o r e  r a p i d l y  

t h a n ,  t h e  h y d r o l y s i s  ()f t h e  p r o t e i n .  T h i s  f a c t  i n d i c a t e s  t h a t  t h e  p r ( ) t e i n  a c t u a l l y  h a s  

t h e  h e m o l y t i c  a c t i v i t y ,  e x c l u d i n g  t h e  p o s s i b i l i t y  t h a t  n ( ) n - p r ( ) t e i c  l y r i c  s u b s t a n c e  is  

a c o n t a m i n a n t  i n  t h e  p r ( ) t e i n .  

"l'.\ IH A£ 111 

COMI't)NI'FI()N AND M(}LI'2{'UI..XR \VIgI(;HT OF ~-HI,2MOLYSIN 

t ' .r , ,nt ,,/ ..Issumed n,,. t,[ Cah:tdatd 
,.i mira) acid ,onln,, ,t id r,',t,h~ "." rcsidueLtm,dc "o m,,h'cuhlr u,ci,~ht*" 

Aspar t i c  acid 12 .53  74  ()7,r)" lo"  
Threonine~ ~). o;'4 -t7 ()8_, • 1o 2 
Serine.~§ .5. l -' 4:; . s o -  m ~ 
( ; l u t a m i c  itcid 7.()q 4 2 1)81 - 1o'-' 
I ' ro l ine  °.-1.- 3 +)50" t o  2 

Glyc ine  3- 73 45 ()89. I o a 
. \ l an ine  .l.oh 3(/ ~)83. l() e 
C_vstine/-' None ( lv t rc tvd  o 
Val inc  4.55 3 t ()75" l(>" 
Meth ion inv  4.,~,, 25 ~'7-'" t o  2 
l so leuc ine  O. 71 5() 68S- t o a 
Leuc ine  7.4 t 45 087" ma 
T v r o s i n e  l.(,s 7 ()8o- IO 2 
l ) h e n v l a l a n i n e  It).4o -t S ()70" I¢)2 
T r y p { o p h a n § ~  2.()) to ? j 2. to o 
l . y s ine  t(,.55 8S ()Sz- io a 
I l i s t i d i n e  o..) l , 670.  t o  a 

Arg in ine  o.04 .t ('(,5'. I( ,a 
: \ m m o n i a ~  t .('3 ('~" 

To ta l  t oo.(}o oo9 

* T o t a l  of i n d i v i d u a l  amim)  acid rt,siduvs is t a k e n  as  [oo.oo.  
** The  nea res t  i n t eg ra l  n t l lnber  to the  c a l c u l a t e d  n u m i m r  of rcMducs aSStllning nl(,it.,:ular weiRht 

G8000. 
*** (Molecular  we igh t  of a m i n o  ac id  rcs iducs  • Ioo /pe r  cent  of a m i n o  acid res iducs  in prote in)  

X a s s u m e d  n u m b e r  of res idues.  
§ T h e  r e c o v e r y  is a s s u m e d  to be ()o " .  a f t c r  hydro lys i s .  

§§ T h e  r e c o v e r y  is a s s u m e d  to br  8¢.) 0o a f t e r  hydro lys i s .  
§§§ E s t i m a t e d  from the  ex t inc t i (m  of p r o t r m  /see tex t ) .  

§§§§ N o t  i nc luded  in the  to ta l .  

H e a t  s t a b i l i t y  

H e a t  s t a b i l i t y  of  c r y s t a l l i n e  5 q w m - l v s i n  w a s  e s t i m a t { , d  in  o . o 2  M p h o s p h a t e  

b u f f e r  ( p H  6 .8) .  T h e  r e s u l t s  a r e  s h m v n  in  T a b l e  I V .  8 - H e m o l y s i n  is  n o t  v e r y  h e a t  s t a b l e .  

S o h t b i l i t y  i n  c h l o r o f o r m - m e t h a n o l  

C r u d e  t o x i n  i s  c o m p l e t e l y  s o l u b l e  i n  c h l o r o f o r m - m e t h a n o l  (2 : ! ,  v / v )  a~ d e s c r i b e d  

a b o v e ,  b u t  c r y s t a l l i n e  8 - h e m o l y s i n  is  i n s o l u b l e  i n  t h e  s a m e  s o l v e n t .  

DISCUSSION 

8 - H e m o l y s i n  o f  S .  a u r e u s  w a s  f r a c t i o n a t e d  b ' "  c o l u m n  c h r o m a t o g r a p h i c  t e c h n i q u e s  

a n d  o b t a i n e d  i n  c r y s t a l l i n e  f o r m .  

B i o c h i m .  B i o p h y s . . q c t a ,  7 r I i963) 544-553 
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Chemical analysis indicates tha t  the toxin is a protein, wlfich is const i tuted of 
609 amino acid residues and has a molecular weight of 6823 o. The molecular weight 
calculated from individual  amino acid content,  even the values obtained from proline 
which contains only three residues per molecule, from histidine which contains only 
two residues per molecule, or from arginine which contains only four residues per 
molecule, reconcile each other  well (Table III) .  This fact indicates high homogeneity 
of the protein. 

Z 

• ~ 8Q 

.~ 5c 

~ "° 
,u 3o 
~ 2c 

• "--~---~ ~ ~ -6~"~ 2V--¢¢--0 
Incubotion t ime  (h) 

Ioo~ 

._u 

4o e 

Fig. 7- The rate of hydrolysis of iS-hemolysin by trypsin at 25 '~. The substrate was present at 
a ~onccntrat; m of o.2 o~ in o.I ?.l phosphate buffer (pH 7.8) and the ctmcentration of trypsin 

was o.oo2 %. × - -  ×, ninhydrin color value ; O - - - O, hemolytic activity. 

TABLE IV 
HEAT STABILITY OF I~-HEMOLYSIN 

Time Per cent of 
Tetrper*~ture (rain) inactivation 

60  3 ° 36 
6 0  I 2 0  7 t 

xoo 3 ° 85 
IOO 6 0  92 

Homogenei ty of the protein was also shown by sedimentat ion pa t te rns  of ul tra-  
centrifugation. 

The molecular weight es t imated from the sedimentat ion constant  and the in- 
trinsic viscosity of the toxin is in good agreement with the molecular weight calculated 
from the amino acid composition. However, determinat ion of the molecular weight 
b y  short column equilibrium ultracentr ifugation at  both the top and bo t tom of the 
ul tracentr ifuge cell, yielded at  the top 7200o and at  the bo t tom 15oooo. This probably  
is due to aggregation of the toxin in the solution, but  may  also be in terpre ted  as 
due to contaminat ion.  

From the solubil i ty of crude toxin in chloroform-methanol ,  the toxin was  
originally supposed to be l ipid or l ipoprotein, but  by  means of t ryp t ic  digestion and 
solubil i ty measurement  of the crystall ine toxin, it  has been established tha t  the 
protein has the hemolyt ic  act ivi ty.  The possibil i ty tha t  non-proteic lyt ic  substance 
contaminates  the protein has been excluded. 

I t  was reported tha t  crude 3-hemolysin was stable to heat ing at  60 ° for I2O rain 
(ref. 3) or at I15 ° for zo min (ref. 4), but  purified 8-hemolysin is relat ively unstable  
to heating. 

Birchim. Biophys. Acta, 7 z (I963) 544-553 
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Very  l i t t le  is k n o w n  a b o u t  the  immuno log i ca l  p rope r t i e s  a n d  p a t h o g e n i c i t y  of 
3-hemolys in .  Crys ta l l ine  ;5-toxin '~hows a s ingle l ine p r e c i p i t a t i o n  r eac t ion  w i t h  an t i -  

s e r u m  o b t a i n e d  f rom r a b b i t s  i m m u n i z e d  wi th  t h e  bac t e r i a l  cells. T h e  de ta i l s  of t h e  
immuno log i ca l  a n d  b M o g i c a l  ac t iv i t i e s  of pur i f i ed  t o x i n  will be  r e p o r t e d  in a s epa ra t e  
paper .  
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