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Group A hemolytic  streptococci were shown by  Todd (1) to produce two 
extracellular hemolysins, which were designated as the oxygen-labile hemol- 
ysin "streptolysin O"  (SLO) and the oxygen-stable "streptolysin S." 

Streptolysin O was produced by growing organisms cultivated in ordinary nutrients 
and, more recently, in defined media (2, 3), and has recently been obtained from rest- 
ing cells under certain conditions (4). On the other hand, streptolysin S was produced 
when streptococci were grown in media containing serum, and could readily be "ex- 
tracted" by serum from washed resting streptococci (5, 6). Later, Okamoto (7), and 
Bemheimer and Rodbart (8) found that the addition of yeast nuclei acid or RNA 
digested by pancreatic ribonuclease to growing or resting streptococci caused a con- 
siderable increase in the production of streptolysin S, and since then extensive studies 
on the RNA-induced hemolysin have been carried out by various investigators (9-12). 
These studies on streptolysin induced by RNA and by fractions obtained from it 
were extensively reviewed by Bemheimer (13) and by Okamoto (14). More recently 
Ginsburg and Grossowicz (15) showed that serum albumin, tween 40, tween 80, and 
triton could induce the formation of oxygen-stable hemolysin from resting strepto- 
cocci when incubated with glucose, Mg ++ and cysteine. 

The relationships within the group of oxygen-stable streptococcal hemolysins are 
still not understood. Similarities among the hemolysins induced by the above men- 
tioned agents have been found in their non-antigenicity (13), inhibition by trypan 
blue, congo red, and lecithin (13, 15), production by.growing or resting cells, and 
absence in a certain streptococcal mutant (1, 11, 13, 15). On the other hand s some 
data have suggested differences among these hemolysins. Thus, the production of 
RNA hemolysin has been prevented by ultraviolet irradiation and is enhanced by 
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906 HEMOLYSINS OF GROUP A STREPTOCOCCI. I 

glucosamine, whereas the hemolysin induced by albumin or tween has not  been found 
to have these properties (15). Therefore, the problem of whether Group A strepto- 
cocci are capable of forming one, two, or three oxygen-stable hemolysins requires 
further study. 

D a t a  will  be p resen ted  first, on  some condi t ions  of p roduc t ion  of hemolys in  

b y  se rum prote ins  and,  second, on similari t ies and  differences in t he  p roduc t i on  

and  inhib i t ion  of the  hemolys in  p roduced  by  these  agents .  T h e  c h r o m a t o -  

g raph ic  behav io r  of t he  var ious  forms of hemolys in  and the i r  e lec t rophore t i c  

behav io r  will be  p resen ted  in the  fol lowing paper .  

Materials and Methods 

Culture Media and Streptococcal Strains.--Most of the experiments reported were performed 
with a Group A streptococcus strain S 84 (Type 3) obtained from the State Serum Institute in 
Copenhagen. In some experiments strain C203S (Type 3), kindly supplied by Dr. A. W. 
Bernheimer of the New York University, was also used. When grown in brain heart fusion 
(BHI) (Difco Laboratories, Inc., Detroit) or in a synthetic medium (3, 16) the only hemolysin 
found in the culture supernate was SLO. However, when the medium included RNA, whole 
serum, serum albumin, tween 40, or tween 80, the production of oxygen-stable hemolysin could 
also be demonstrated. 

A single hemolytic colony from a blood agar plate was transferred to BHI medium. After 
18 hours of incubation at 37°C, 10 ml of culture was inoculated into 250 ml of BI-II and grown 
overnight at 25°C, or for 5 to 7 hours at 37°C, following which the cells were removed in an 
angle centrifuge. The cells were washed twice with 50 ml of cold saline buffered at pH 7.4 with 
phosphate (0.1 x,), and the cell suspension was adjusted to an optical density (OD) of 500 on 
the Klett-Summerson photoelectric colorimeter with a 540 filter. In experiments on the 
production of hemolysin by growing streptococci, the density of the culture was measured with 
a Beckmann spectrophotometer at 650 In#, using 1 cm light path. The streptococcal suspension 
was placed in an ice bath and used within 2 hours. 

RNA ttemolysin.--This was prepared from either growing or resting streptococci according 
to the method of Bernheimer (11). In experiments with resting cells, the following were used: 
commercial yeast RNA (Nutritional Biochemicals Corp., Cleveland), 5 mg/ml; bacto-peptone 
(Difco Laboratories, Inc.), 5 mg/ml; glucose, 1 mg/ml (or glucosamine, 1 mg/ml or maltose, 
0.5 mg/ml); and 2¢IgSO,.7H20, 1 mg/ml. In experiments with growing streptococci RNA 
was added to B i l l  or synthetic medium at 5 mg/ml. Hemolysin production was estimated 
after 15 or 50 minutes of incubation at 25°C or 4 to 7 hours at 37°C in experiments on growing 
cells. 

Serum ttemolysin.--Serum hemolysin was prepared from growing streptococci according 
to the method of Todd (1), or from resting cells according to the method of Weld (5). Serum 
prepared from freshly drawn human, horse, or rabbit blood was used in the experiments at 
concentrations of 30 or 50 per cent. In the resting cell system the mixture of streptococci and 
serum was shaken at 37°C for 10 minutes, and the hemolytic activity was determined in the 
supernate. 

Albumin and Tween Hemolys~n.--Human, horse, or rabbit albumin (fraction V) (Pentex, 
Inc., Kankakee, Illinois, American Red Cross) was used at 30 mg/ml, or tween 40 or 80 (Atlas 
Chemical Company, Wilmington) at 4 mg/ml. 

Inhibition of tTemolysin.--To ascertain that the hemolytic activity obtained by the various 
methods was not due to streptolysin O, samples of culture supernates were incubated for 5 
minutes at 37°C with 10 mg/ml of lecithin (vegetable, Nutritional Biochemicals Corp.) or 
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with 100/~g/ml of trypan blue, both of which are known to inhibit RNA and albumin hemol- 
ysin but not SLO (13, 15). 

Det~rminaHon of Honoly~c AcH~ty.---One hemolytic unit of hemolysin was defined as the 
amount, in a 1 ml sample, which will hemolyse 50 per cent of a human or rabbit red blood cell 
suspension (final concentration 1 per cent) after 30 minutes of incubation at 37°C. The degree 
of hemolysis was determined by reading the OD of hemoglobin released, using a Klett-Sum- 
merson colorimeter. 

S~um Protein Fractlons.--Human Cohn fractions were kindly supplied by the American 
Red Cross and by Mr. J. Smolens of the Philadelphia Serum Exchange of the Children's 
Hospital of Philadelphia. The serum fractions were freshly dissolved in buffered solutions for 
u s e .  

RESULTS 

A. Factors in the Induction of Oxygen-Stable Streptococcal Hemolysin by Serum 
Proteins.- 

1. The Role of Various Fractions of Serum Proteins.- 

It was previously shown (15) that glucose, Mg ++, and cysteine were required for the produc- 
tion of these hemolysins, and that in the presence of these, both the supernatant protein and 
the precipitate obtained on dialyzing serum vs. acetate buffer # -- 0.01 pH 5.2 could induce 
the production of hemolysin by washed resting streptococci, as shown in Table I. 

In order to identify the macromolecular components of serum involved, fractions obtained 
from human serum by Cohn's method were tested for their capacity to induce the formation of 
hemolysin by washed streptococci. The fractions were dissolved in buffered saline and were 
used at concentrations proportional to those in which they exist in normal human serum (17). 

Table I shows that Cohn fraction V, and to a lesser extent fraction IV-I, 
yielded relatively large amounts of hemolysin. When, in other experiments, the 
var ious  f rac t ions  were  used on an  equal  we igh t  basis (10 m g / m l  of each)  f rac-  

t ion  IV-1 caused the  p roduc t ion  of more  hemolys in  t h a n  d id  f rac t ion  V, while  

all  the  o the r  f rac t ions  y ie lded  only  10 to  15 per  cen t  of the  va lues  of a lbumin .  

2. The Role of Lipids in Hemoylsin Production.- 

Herbert and Todd (6) showed that the hemolysin-producing capacity of normal human 
serum is completely abofished following delipidation by ether, a finding which suggested a 
role of lipids in this reaction. Since it has been shown that even the most purified preparations 
of serum albumin are associated with a variety of fatty acids (19), the role of lipids in hemol- 
ysin production was investigated by delipidation and by proteolysis with trypsin, respectively. 

Delipidation was carried out by extracting 5 per cent solutions of Cohn fractions V and IV- 
1 with 20 volumes of ethanol-diethyl ether (3:1) at 25°C. After three to eight extractions 
(until no opalescence appeared in the saline suspension of the solids of the extract) the pre- 
cipitated protein was dissolved in buffered saline, and the extract was evaporated in ~acuo and 
resuspended in the buffer. The pooled extract and the remaining protein, which was readily 
soluble in saline solution, were then used to induce hemolysin production in streptococci. 
Tryptic digestion of the proteins was done with similar solutions of fractions IV-1 and V 
using crystalline trypsin (Worthington Biochemical Corporation, Freehold, New Jersey) at 3 
per cent of substrate for 6 hours at 37°C. Application of the material on sephadex G-50 
(Pharmacia, Uppsala, Sweden) indicated that 65 per cent of the fraction V and 50 per cent 
of the Fraction IV-1 were digested to the point of not being excluded by the sephadex. 
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I t  can be seen in Table I I  tha t  delipidation of both a lbumin and a lipo- 

protein markedly decreased their capacity to yield hemolysin. On the other 
hand,  trypsinization caused no decrease, bu t  actually some increase in the 
yield of hemolysin by both fractions. This increase may have been due to an 
effect of t rypsin on the permeabili ty of the streptococcus to nutrients,  recently 
described by  Fox and Stevenson (20). I t  can be also seen that  t rea tment  of the 
RNA preparation with lipid solvents did not  reduce its hemolysin-inducing 
capacity. 

TABLE I 
The Role of Plasma Protein Fractions in Hemolysin Production 

Inducing agent* Concentration of Hemolytic 
inducing agent activity 

Human serum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Low ionic strength precipitate~ . . . . . . . . . . . . . . . . .  
Low ionic strength supernate~ . . . . . . . . . . . . . . . . .  

Fraction I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fraction II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fraction I I I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fraction III-0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fraction IV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fraction IV-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fraction IV-5,6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fraction V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

per cen$ 

5O 
50, of serum 
50, of serum 

rag/m/ 

3.5 
7.7 

10.0 
4.2 

11.0 
4.2 
1.7 

38.0 

unit~ml 
2700 
45O 

2300 

13 
66 

136 
15 
84 

320 
90 

1750 

* Glucose, MgSO4.7H20 and cysteine HCI added to each agent at 1 mg/ml, except in 
the case of whole serum where only cysteine was added. 

Fraction obtained by dialyzing serum against acetate buffer, pH 5.2, t~ = 0.01. 

At tempts  to obtain hemolysin from streptococci with the lipid extract ob- 
tained from fractions IV-1 and V, and from RNA failed. These lipoid fractions 
strongly inhibited both the a lbumin and RNA hemolysin. This is in agreement 
with the findings of Humphrey  (21) on the presence in a lbumin of a lipid in- 
hibitor of streptolysin. 

B. Study of the Relationship of Hemolysin Production by RNA,  Albumin, Serum, 
and Tween.-- 

1. The Effect of Glucose and Amino Sugars on the Production of Streptococcal 
Hemolysin.-- 

Bernheimer and Rodbart (8) found that maltose and glucosamine were superior to glucose 
as energy sources for the production of hemolysin by growing streptococci and were as effective 
as glucose for the formation of hemolysin by resting streptococci. On the other hand, it has 



I. GINSBURG, T. N. HARRIS, AND N. GROSSOWICZ 909 

been shown (15) that for the formation of albumin or tween hemolysin, glucosamine is much 
less effective then glucose or maltose. The role of glucose and various amino sugars in the 
production of streptococcal hemolysin was therefore re-examined. 

Table  H I  shows tha t  glucosamine was a far less effective energy source for 
the production of a lbumin and Tween hemolysin than  was glucose, bu t  tha t  this 
difference was not  due to inhibit ion of util ization of glucose since the presence 
of glucosamine in 5-fold molar concentration, relative to glucose, did not  inter- 

fere with the production of tween or a lbumin hemolysin. 

TABLE II 
Effect of Ddipidation and Trypsinlzation of Freztions IV-1 and V and of 

RNA in Hemolysin Production 

Preparation of inducing agent Hemolytic activity 

Fraction V . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fraction V delipidated 3 times . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fraction V trypsinized . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fraction IV-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fraction IV-1 delipidated 3 times . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fraction IV-1 trypsinized . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
RNA mixture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
RNA mixture delipidated 5 times . . . . . . . . . . . . . . . . . . . . . . . . . .  

units/rot 
550 
50 

750 
700 

10 
100O 
1500 
1500 

Each reaction mixture contained glucose, Mg -~, and cysteine, as in Table I. 
Fraction V and IV-1 each used at 20 mg/ml. 

2. The Production of RNA,  Serum and Albumin Hemolysin by Growing and 
Resting Streptotocci.-- 

Bernheimer (11), showed that streptococci yielded only small amounts of RNA hemolysin 
over most of the logarithmic part of the growth curve, as compared with streptococci in the 
stationary phase. In the case of serum hemolysin, on the other hand, Weld (5) emphasized 
the importance of employing young cultures. In order to study further the relationship between 
the RNA hemolysin and the albumin hemolysin, the effect of the age of the culture on the 
capacity of the streptococci to yield hemolysin was studied in relation to these two inducing 
agents. 

(a) Production of hemolysin by growing calls: 

BHI broth (200 ml, containing 100/~g/ml of thioglycollic acid) was inoculated with 10 ml 
of an overnight culture of strain $84 grown at 25°C. The inoculated flask was incubated at 
37°C. At 1 hour intervals, aliquots were withdrawn. Streptococci obtained from these samples 
by centrifugation were resuspended and examined for the production of hemolysin by RNA 
and by albumin. 

I t  can be seen in Fig. 1 tha t  the production of a lbumin hemolysin took place 
during the logarithmic phase of growth, maximal concentration of the hemolysin 
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being a t ta ined  a t  the end of this phase. On the other hand,  the  concentrat ion 
of R N A  hemolysin reached a maximum only after the  streptococci  had reached 
the s ta t ionary  phase of the  growth. Similar results were obtained with s t ra in  
C203 S (Type  3). 

(b) Production of hemolysin by resting cells: 

Washed streptococci were obtained from culture in BHI harvested from the stationary 
phase of growth. The cells were washed twice with 50 volumes of cold phosphate-buffered 
saline and the cells were resuspended in the buffer and adjusted to an OD of 500. One ml 
aliquots of this cell suspension were incubated with either (a) 4 ml of RNA and peptone, each 
at 5 mg/ml, and glucosamine HC1, MgSOv 7H~O, and cysteine HCI, each at 1 mg/ml, or 

TABLE III  
Rdative Actgvity o/Glucose and Amino Derivatives in tke Induction of 

RigA Hemolysin and Tween Hemolysin 

Carbohydrate 

M/Z~O 
Glucose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Glucosamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Glucosaminic acid . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N-Acetylglucosamine . . . . . . . . . . . . . . . . . . . . . . . .  
Glucose + glucosamine (~/50) . . . . . . . . . . . . . . . .  
Glucose + glueosaminic acid (~/50) . . . . . . . . . . .  
Glucose + N-.acetylglucosamine (~/50) . . . . . . . .  

Per cent activity relative to glucose 

RNA hemolysin Tween hemolysin* 

100 
110 
65 
45 

100 
12 
0 

10 
100 
100 
100 

* Similar results were obtained with albumin hemolysin, and with hemolysin obtained 
with dialyzed serum. 

(b) 4 ml of 3 per cent human serum albumin (fraction V) containing glucose, MgSO4.7H~O, 
and cysteine HC1, each at 1 mg/ml, or (c) 4 ml of freshly drawn human serum. 

At 10 minutes of incubation at 37°C, and at 20 minute intervals thereafter, 1 ml aliquots 
were withdrawn. The cells were removed by centrifugation and the supernate was assayed for 
hemolytic activity. 

Fig. 2 shows tha t  the  ra te  of product ion of serum hemolysin and of a lbumin 
hemolysin by  rest ing cells was maximal  after  10 to 15 minutes  of incubat ion a t  
37°C. On the other  hand,  the rate  of product ion of R N A  hemolysin was much 
slower, reaching a maximum value after  50 minutes  of incubation.  

When  the product ion of the  R N A  hemolysin and the a lbumin hemolysin was 
carried out  in the absence of cysteine, no such difference between the R N A  
and the a lbumin systems could be seen, the hemolyt ic  ac t iv i ty  reaching a maxi-  
mum in 50 minutes  of incubat ion in both systems. Also, the  yield of both  
hemolysins was much lower in comparison to t ha t  produced with cysteine. This  
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effect of cysteine indicated that sulfhydryl compounds affect both the rate and 
total yield of albumin hemolysin, but that cysteine affects the yield but not 
the rate of formation of the RNA hemolysin. (Ascorbic acid did not produce 
this effect.) 

The effect of cysteine on the production of albumin hemolysin was confirmed 
in experiments involving various concentrations of cysteine. It  was found that 

2 0 0 0  

_J 

~o 1500 
i-- 
7 

>- 

> i o o o  

F-- 
~_1 500  
O 

LU 
"1- 

O' . . . .  'O ALBUMIN HEMOLYSIN 

SERUM HEMOLYSIN 

i~X"~'~ x, ........... X RNA HEMOLYSIN 

J 

/ . . . . . . . . . . .  '.O . . . . .  %" 

/ . . . . . . . . . . . . .  o . . . . . . . . . .  )5 
X.~$ 'X 

10 20 30 4 0  50 60 70 80 90 100 II0 120 130 140 

TIME IN MINUTES 

FIG. 2. Relative rates of production of serum hemolysin, albumin hemolysin, and RNA 
hemolysin by streptococci in the stationary phase. 

with less than 100 t~g/ml of cysteine the rate of production of the hemolysin 
was low, 60 minutes of incubation being required for maximum hemolytic ac- 
tivity. On the other hand, higher concentrations of cysteine caused more rapid 
production of the hemolysin, and at a cysteine concentration of 500 t~g/ml to 
3000 #g/ml maximal levels were reached after 5 to 10 minutes of incubation. 

3. Effect of Temperature on Production of the Hemolysins.-- 
Bernheimer (11), and Younathan and Barkulis (22) gave evidence for de novo synthesis of 

RNA hemolysin by showing that the production of this hemolysin was temperature-dependent 
and that there was no preformed hemolysin as indicated by disruption of streptococcal cells. 
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In the present study, it was found that the production of albumin and tween hemolysins was 
also greater at higher temperatures. 

The effect of a difference in temperature on the production of the respective hemolysins 
was studied in connection with the question of whether the induction of the hemolysins 
involves a synthetic or extractive process, by dividing the incubation into two stages, as 
follows: 

Washed streptococci were incubated for 10 minutes at 37°C with glucose, Mg ++, and 
cysteine. Each mixture was then chilled to 10°C, and after the addition of albumin, tween, 
horse serum, or RNA, was divided into two parts, one for continued incubation at 10°C and 
the other for incubation at 37°C. 

TABLE IV 
Effect of Temperature on the Production of Hemolysin by Various Inducers after 

Incubation of the Streptococci with the Diffusible Components of the System 

Reaction mixture* 

A B C 

Prelncubated 10 min. 
at 37°C 

Streptococci$ 
Streptococci 
Streptococci 
Streptococci 
Streptococci 
Streptococci 
Streptococci 
Streptococci 

Added to A and incubated 
45 rain. at 10°C 

Tween 40 
Human fraction V 
Human serum 
RNA -b peptone 

Added to A and incubated 
45 rain. at 37°C 

Tween 40 
Human fraction V 
Human serum 
KNA -[- peptone 

Hemolytic 
activity 

un~ts]ral 
3O 
18 

8 

15 
5OO 
5OO 

1100 
55O 

* Concentrations of reagents: tween 40, 4 mg/ml; human fraction V, 20 mg/ml; human 
serum, 50 per cent; RNA, S mg/ml; peptone, 5 mg/ml, 

:~ Plus glucose, Mg "H-, cysteine, as above. 

When  the supernates  of the incubat ion mixtures were examined (Table IV) 
only traces of hemolyt ic  ac t iv i ty  were found if the  albumin,  detergent ,  serum, 
or R N A  was incubated  with the streptococci  a t  10°C, even if the  cells had  been 
previously incubated with glucose and the other  diffusible components  a t  
37°C. On the other  hand,  continued incubat ion with the  inducers a t  37°C 
caused the product ion of substant ia l ly  larger amounts  of hemolysin.  These 
results suggest t ha t  the hemolysin which appears  on incubat ion of streptococci 
with tween, albumin,  serum, or R N A  is not  s imply extracted from the organism, 
bu t  is synthesized b y  the streptococci  under conditions of such incubation.  

4. Inhibition of Albumin Hemolysin and R N A  Hemolysin by Plasma Frac- 
t ions.--As another  approach to the question of the relat ionship of the hemolysin 
produced b y  these two agents, the inhibi tory  effect of known plasma fractions 
was compared in the case of a lbumin hemolysin and R N A  hemolysin.  
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To 0.5 ml portions of solutions containing approximately 500 hemolytic units per ml of 
albumin hemolysin or 1000 hemolytic units per ml of RNA hemolysin, were added solutions 
of various serum fractions, each at the relative concentrations found in human serum (18). 
Following incubation, the hemolysin-protein mixtures were serially diluted and assayed for 
hemolytic activity. 

Table  V shows t ha t  fract ion I I I - 0  was the strongest  inhibi tor  of the  fractions,  
causing 97 and 99 per  cent  inhibi t ion of a lbumin and R N A  hemolysin,  respec- 
t ively,  a t  the concentrat ions used. Marked  inhibi t ion of both  prepara t ions  of 
hemolysin was also caused by  fraction I I I  and to a smaller extent  b y  fraction 
IV- l ,  which had  been previously shown to be second to a lbumin in releasing 
hemolyt ic  act ivi ty .  Fract ions  I, I I ,  IV, IV-5, 6, and V caused very  slight in- 

TABLE V 
Inhibition of RNA Hemolysin and Albumin Hemolysin by Plasma Fractions 

Plasma fractions 

Control . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fraction I . . . . . . . . . . . . . . . . . . . . . . . .  
Fraction II  . . . . . . . . . . . . . . . . . . . . . . .  
Fraction I I I  . . . . . . . . . . . . . . . . . . . . .  
Fraction III-0 . . . . . . . . . . . . . . . . . . .  
Fraction IV . . . . . . . . . . . . . . . . . . . . .  
Fraction IV-1 . . . . . . . . . . . . . . . . . . .  
Fraction IV-5,6 . . . . . . . . . . . . . . . . .  
Fraction V . . . . . . . . . . . . . . . . . . . . . .  

t 
Concentra- Album]n hemolysin RNA hemolysin 

t.ion - -  - -  - -  

Activity Inhibition Activity Inhibition 

350 [ 0 I 500 0 
t 

350 [ 0 500 0 
3.5 
7.7 

10.0 
4.2 

11.0 
4.2 
1.7 

38.0 

125 
8 

320 
215 
335 
35O 

65 
97 
9 

40 
5 
0 

75 
8 

500 
185 
430 
500 

85 
98.5 
0 

63 
8.5 
0 

hibi t ion or none. These observations are  consistent with the  findings of Hum-  
phrey  (21) and of Stol lerman et aL (23) on a se rum/3  l ipoprotein inhibi tor  of 

s t reptolysin  S. 
Aside from the tests of the serum protein  fractions themselves, alcohol-ether 

extracts  of fract ion V were tested.  These were found to be highly inhibi tory  to 
both  the a lbumin a M  R N A  hemolysin.  This t i m i n g  indicates tha t  this inhibi tor  
is act ive only when separa ted  from the protein  to which i t  is bound.  

DISCUSSION 

The experiments described in the earlier part  of this paper were undertaken to 
elucidate the role of serum constituents in the production of oxygen-stable hemolysin 
by streptococci. I t  was shown that the production of hemolysin by albumin or by 
a lipoprotein required the presence of a group of diffusible substances, glucose, Mg -H-, 
and cysteine. This explains the difference between these data and the results of Her- 
bert and Todd, who found little hemolysin production by solutions of serum proteins, 
since these authors did not supplement the proteins with the diffusible components 
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of the system. Our data do, however, confirm those d Herbert and Todd (6) in show- 
ing the destructive effect of organic solvents on the hemolysin-induclng capacity of 
serum, in that delipidation of the fractions completely destroyed, or markedly reduced 
their activity, thus suggesting the role of associated lipids in the induction of hemolysin 
by albumin. 

The experiments on the rate of production of the hemolysin in the various systems 
were undertaken in the hope that they might shed some light on the relationship 
between the hemolysins thus produced. The data presented in Table IV further 
support the hypothesis of an active synthetic process being involved, rather than 
extraction, since the 37°C incubation of the resting organisms with the diffusible com- 
ponents including the energy source, only before the incubation with the macromolecu- 
lar inducing agents was not a sufficient condition for the production of hemolysin by 
any of these inducers, as would be expected if the function of these agents was one of 
extraction of preformed hemolysin. Rather, the continued incubation at 37°C with 
glucose, Mg ++, and cysteine, as well as the inducing agent, was required for the pro- 
duction of hemolysin by resting streptcccoi. 

In considering the problem of the relations among serum-, albumin- and 
R_NA-induced hemolysin, the problem is narrowed by the indications, in the 
data above, that serum hemolysin may simply represent albumin hemolysin 
plus a small contribution of a lipoprotein hemolysin. The rates of production 
by resting cells, the effective inhibitors, the effect of cysteine on production, 
and the non-production by the mutant strain C203U have all been the same 
for induction by both serum and albumin. The problem then involves two types 
of inducers, RNA on one hand, and, on the other, a group of reagents effective 
as detergents or lipids (associated with proteins or as parts of lipoproteins). 
The albumin hemolysin has generally been used in this study as the type 
reagent for this group. 

Of the experiments involving comparisons between albumin (or in some cases 
tween) and RNA as inducers of hemolysin production by streptococci, some 
have yielded data suggesting that the same hemolysin may be produced in the 
two systems, while the data of other experiments have indicated apparent 
dissimilarities. Differences between RNA hemolysin and albumin hemolysin 
are suggested by the differences in the kinetics of production by resting and 
growing streptococci, and in the effect of cysteine on the rates of production. 
Another difference is in the failure of the albumin system to utilize glucosamine, 
in comparison with the RNA system. (It should be pointed out in this connec- 
tion that Bernheimer found that Group A hemolytic streptococci can utilize 
glucosamine as effectively as glucose; reference 11.) 

However, the other types of experiments indicated similarities between 
albumin hemolysin and RNA hemolysin. Thus, the effect of temperature on the 
rate of production by resting cells and the inhibition by human serum fraction 
III-0 are similar in both systems. Other similarities from recent published data 
include the inhibition of production of both hemolysins by the same enzymatic 
poisons and antimetabolites (11, 15), the inhibition of both hemolysins by 
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trypan blue and congo red (11, 15), and the failure of production of hemolysin 
in same mutamt strain C203U by either inducer. 

The inconsistency between the apparent similarities and differences raises a 
possibility that we are dealing with a single hemolysin which can be formed by 
different metabolic pathways. On the other hand, the possibility must be con- 
sidered that the hemolysins represent an active group which can be bound to 
different macromolecular carriers, RNA, or serum proteins. Studies on chro- 
matographically or electrophoretically separated hemolysins which bear on this 
point are reported in the following paper. 

SUMMARY 

The production of oxygen-stable hemolysin in growing and resting Group A 
streptococci has been induced by RNA, by detergents, and by mammalian 
blood serum proteins, in the presence of glucose, Mg ++, and cysteine. Of the 
serum proteins, albumin and a lipoprotein could act as inducers. In the case of 
both these serum proteins treatment with trypsin did not affect the capacity to 
induce hemolysin production, but removal of the bound lipids by alcohol- 
ether or chloroform-methanol destroyed this property. 

In comparisons of the conditions of production and of activity between the 
hemolysin produced by RNA on one hand and albumin and detergents on the 
other, some data indicated similarities among the hemolysins, and others, 
differences. The similarities included similar degrees of temperature depend- 
ence for production and equal degrees of inhibition by serum /~ lipoprotein. 
Differences found among these hemolysins included differences between the 
rate of production of the RNA hemolysin from that of albumin or detergent 
hemolysin by both resting and growing streptococci, and the failure of utiliza- 
tion of glucosamine as an energy source for the production of albumin hemolysin, 
in contrast with that of RNA hemolysin. The fact that the data have in some 
cases indicated similarities and in other cases differences among the hemolysins 
raises the question of whether these are different molecular species, or a single 
hemolysin synthesized by the streptococci v/a different pathways of metabo- 
lism, or complexes of a single hemolytic moiety with various molecular carriers. 
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