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Streptokinase. (25388) 
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It  has been mown for some time that con- 
version of bovine plasminogen to plasmin can 
be effected by addition of streptokinase in 
presence of trace amounts of either human 
plasminogen 01' plasmin. This is in contrast 
to activation a f human plasminogen, elicited 
by addition olf streptokinase alone. In  (both 
systems, the formation of plasmin has been 
ascribed by some investigators ( 1,2,3) to con- 
version of a specific proactivator by strepto- 
kinase to a sinlylar activator which then acts 
on plasminogen to produce plasmin. Other 
investigators(4,5,6), however, have expressed 
the possibility that the proactivator of bovine 
plasminogen, .Nhen activation mixtures of 
streptokinase and human plasminogen or plas- 
min are used, may be identical with either hu- 
man plasminog en or plasmin. The following 
studies were performed to examine the mech- 
anism of bovine plasminogen conversion by 
human plasmin and streptokinase under vari- 
ous experimental conditions, and to determine 
whether this conversion is brought about by 
a specific activator principle, formed by ac- 
tion of streptokinase on a separate distinct 
proactivator, or whether streptokinase may 
form a complex with human plasmin which 
can directly convert bovine plasminogen to 
plasmin. 

Materials arid methods.  Human plasmin. 
This enzyme was obtained from human plasma 
Fraction T T T t  by a method previously de- 
scribed ( 7 1.  frovine plasminogen. Twenty- 
four liters of Freshly collected bovine blood 
were permitted to clot a t  room temperature; 

* Died Sept. 30, 1959. 

after 2 hours standing, the clots were dispersed 
and strained through gauze. Final serum 
clarification was obtained by centrifugation 
for 30 minutes at 2,000 rpm a t  0°C. The se- 
rum obtained (approximately 8 liters) was 
cooled to 0°C and brought to 257% ammonium 
sulfate saturation by addition of pre-cooled 
saturated ammonium sulfate solution, stirred 
for 30 minutes, then left for 1 to 2 hours at 
0°C. The precipitate obtained following cen- 
trifugation was discarded and the supernatant 
solution adjusted to 33% saturated ammo- 
nium sulfate by further addition of pre-cooled 
saturated ammonium sulfate solution a t  0°C. 
After remaining overnight a t  4"C, the precipi- 
tate was collected by centrifugation, dispersed 
in distilled water, and dialyzed against run- 
ning tap water for 18 hours a t  4°C. The  pre- 
cipitate formed on dialysis was collected by 
centrifugation, dispersed in 100 to 150 ml of 
0.9% sodium chloride and then diluted 1:8 
with distilled water a t  room temperature. To  
achieve maximum solubilization, p H  was ad- 
justed to 9.4 with 1 I\J sodium hydroxide, and 
the solution was then brought to p H  5.3 with 
1% acetic acid. The precipitate that formed 
was allowed to settle overnight a t  4°C. After 
centrifugation, the precipitate was dissolved in 
1 liter of phosphate buffer pH 7.0, ionic 
strength 0.15. The solution was cooled to 
0°C and brought to 2 5 %  saturated ammo- 
nium sulfate by addition of pre-cooled satu- 

t Obtained through courtesy cf Am. Nat. Red 
Cross, Washington, U.C., and kindly supplied us by 
Cutter Labs., Berkeley, Calif., as well as by E. K. 
Squibb and $ens, New Rrunswick, N. J. 
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rated ammonium sulfate solution. After cen- 
trifugation, the supernatant solution was ad- 
justed to 33% ammonium sulfate saturation. 
The  precipitate obtained a f t e r centrifugation 
was dispersed in distilled water. dialyzed 
against running tap water and then against 
distilled water a t  4 C : the water insoluble ma- 
terial was removed by centrifugation. dis- 
persed in distilled water and lyophilized. In 
all experiments. a freshly prepared solution of 
5 mg of bovine plasminogen in 1 ml of phos- 
phate-sodium chloride buffer. pH 7 .O. ionic 
strength 0.1 5 ,  was utilized. Strc3ptokirzczse.: 
Solutions of desired concentrations were 
made with 0.9% sodium chloride. pH 7.0. All 
stock solutions were stored a t  4 -C  and kept 
no longer than one week. C'asrin. One per 
cent stock solutions of casein were prepared 
( 7 ) , either in saline-phosphate buffer (0.1 11 
phosphate. 0.975 saline). pH 7.4 or in 0.1 11 
phosphate buffer, pH 7.6. C'rjlstullirrr pnn- 
rrcatir trypsirz inhibitor.+ Stock solutions of 
4. 6. 8. and 1 2  p.,q 'nil were prepared in 0.1 
11 phosphate buffer, pH 7.0. Standard fr.c-f 
proccdurc. On the basis of preliminary 
studies, the following standard procedure was 
devised. A 1 ml incubation mixture contain- 
ing 0.05 mg of human plasmin and 250 units 
of Streptokinase mas obtained by addition of 
0.5 ml of 0.1 mg ml plasmin solution in 0.001 
N hydrochloric acid to 0.5 ml of 500 units ml 
streptokinase solution prepared in 0.9.7 sa- 
line adjusted to pH 7.0. The reaction a t  p H  
6.6 proceeded a t  room temperature 5 to 10 
minutes prior to addition to 1 1111 of a 5 mg 
ml bovine plasminogen solution freshly pre- 
pared in saline-phosphate buffer pH 7 .O, ionic 
strength 0.15). Following 10 minute activa- 
tion a t  room temperature for the mixture of 
human plasmin, streptokinase and bovine 
plasminogen, 2 ml of a 1%) casein solution in 
saline-phosphate buffer, pH 7 . 3 .  prewarnietl 
t o  35°C were added to the mixture. and pro- 
teolysis af casein proceeded a t  35°C for 30 
minutes prior to addition of 5 nil of 5yo tri- 
chloroacetic acid. Blanks were prepared by 

$ Streptokinase-streptodbrnase ( \7aridase ~ v a s  
supplied through the genercsity oi  Ledetle 1 ~ 1 ~ .  
Division, Amer. Cyanamid Co., Pearl River, S. U. 

d Obtained from Worthington Biochemical Corp., 
Freehold, N. J . 
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immediate addition of trichloroacetic acid 
prior to addition of casein. Extent of pro- 
teolysis was determined by  reading optical 
densities of the trichloroacetic acid filtrates 
relative to the blanks a t  280 mp. Proteolytic 
units were determined from standard calibra- 
tion curves ( 7 ) . Schematically, the details of 
activation, conversion, and proteolysis can be 
summarized as follows: 

( 1 I Actir: i t ioit  mixture: Human + Streptokinase 
( 1 1111 ; .? to 10 niin.) plasmin (250 units) 

I (0.05 mg) (0.5 nil) I (O..? 1111) 
.1 

( 2 J ( 'oiiwi*\ioit  niixtnrc~: Eovinc plns- + Activation 
( 2 111 1 ; 10 mill. ) rriinogeri mixture 

( 5  mg/nil) (1 1111) 

(1 1111) 
I 
.1 

(;{ i 1)igclhtioii i i i i~ tnre :  1% casein + Conversion 
( 4  1111 ; 30 i i i i i i . )  (3 1111) mixture 

Effcrt of crcid p H  on the plasminogen ac- 
i izwtiou. Four 80 ml stock solutions (0.9% 
sodium chloride, pH 6.6) were prepared, con- 
taining 0.05 mg human plasmin,/ml and the 
following units of streptokinase/ml, 1) 31.25; 
2 )  62.5; 3 )  125; and 4) 250. Ten ml aliquots 
were withdrawn from each stock solution and 
quadruplicate assays a t  each streptokinase 
level were performed for activator potency by 
addition to bovine plasminogen under stand- 
ard test conditions. The  remaining solutions 
were adjusted to pH 2.0 by  addition of 4 N 
1ij.drochloric acid, were permitted to equili- 
brate for 30 minutes a t  room temperature, 
then readjusted to pH 6.6 by addition of 4 N 
sodium hydroxide. Ten ml aliquots were re- 
moved for activator assays. StreptoBinase, con- 
tained in 0.1 ml of 0.9% saline, p H  7.0, was 
added to each stock solution in initial units of 
streptokinase employed for that series. Ali- 
quots were removed for assay. Once again the 
pH was reduced, readjusted, and an aliquot 
removed for assay. The  entire procedure was 
repeated 3 times, utilizing original stock solu- 
tions throughout. The  protocol has been 
summarized a t  top of Fig. 1, in which results 
have been graphically recorded. Influence of 
paiicreatic trypsin inhibitor on f orination of 
tz~fi*ivzfor. Stock solutions in the following 
volume relationships were prepared: 1 ml of 
human plasmin : 0.5 ml of crystalline pan- 
creatic trypsin inhibitor solution : 0.5 rnl 

( 2  ml) 
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streptokinase solution : 2 ml of bovine plas- 
minogen solution ( 5  mg/ml) . Final concen- 
trations of reactants in the 4 ml stock solu- 
tions were as follows: 0.2 mg human plasmin; 
2,  3, 4, or 6 pg of inhibitor 125, 250, or 500 
units of strep:okinase; and 10 mg of bovine 
plasminogen. Streptokinase, inhibitor, and 
plasminogen were prepared in 0.1 h!! phos- 
phate buffer, pH 7.0, while plasmin solutions 
were made with 0.0025 N hydrochloric acid. 
In  all series careful consideration was given 
to any volume changes so that all series would 
be comparable. Similarly, accurate control 
of equilibration times for each series was main- 
tained. Briefly, this was as follows: 20 min- 
utes equilibrai-ion for inhibitor addition; 10 
minutes each For the reaction with streptoki- 
nase and with plasminogen. The inhibitor 
was added at various stages of the reaction 
system as follows: Series I :  Controls; no in- 
hibitor added. Series 2: Inhibitor added to 
human plasmin prior to addition of streptoki- 
nase and then of plasminogen. Series 3: In- 
hibitor added after human plasmin and strep- 
tokinase were sllowed to react, and preceding 
addition to pl Isminogen. Series 4 : Inhibi- 
tor added after human plasmin plus strep- 
tokinase had reacted with plasminogen but 
prior to addition to casein. Series 5: An ad- 
ditional series was devised in which human 
plasmin plus inhibitur and streptokinase were 
allowed to react, then additional human plas- 
min was added prior to mixing with plasmino- 
gen. Casein proteolysis was carried out ac- 
cording to Kunitz's procedure. One ml ali- 
quots of varying reaction mixtures were 
added to 1 ml Df 1% casein solution prepared 
in 0.1 M phlxphate buffer, pH 7.6, pre- 
warmed to 35OC and incubated a t  35°C 
for 20 minuies prior to1 addition of 3 
nil of 5% trichloroacetic acid. Blanks 
were prepared by immediate addition of tri- 
chloroacetic acid prior to casein addition. 
Extent of proteolysis was determined by read- 
ing optical den,;ities of the trichloroacetic acid 
filtrates relative to blanks a t  280 mp. Four 
inhibitor concentrations of 2, 3, 4, or 6 pug, 
were employec for each of the 3 different 
streptokinase I oncentrations. The  reactants 
were assayed for intrinsic proteolytic activity, 
but since no significant contributions to pro- 

teolytic activity by individual reactants were 
evident, the results are not listed. Fig. 2 con- 
tains both the protocol and results of this ex- 
periment. The protocol for each series is 
listed on top and the demonstrable protedytic 
activity, as expressed in O.D. units, is listed 
on side of chart. 

In the standard test procedure, a 
solution of human plasmin plus streptokinase 
following preliminary incubation was added 
to a solution of bovine plasminogen, the mix- 
ture allowed to react and then casein added. 
Three reactions proceed: Fojrmation of an ac- 
tivator, Conversion of bovine plasminogen by 
the activator, and proteolysis of casein by bo- 
vine plasmin formed. Addition of incubated 
solution of bovine plasminogen, containing 
human plasmin and streptokinase, to a casein 
sulbstrate has been used to follow the activat- 
ing effect of human plasmin plus streptokinase 
on bovine plasminogen. The amount of hu- 
man plasmin employed was relatively small 
and produced no significant proteolysis when 
tested alone against casein. There was no 
conversion of bovine plasminogen to plasmin 
in either the presence of human plasmin or 
streptokinase alone ; activation of bovine plas- 
minogen was observed only in presence of both 
human plasmin and streptokinase. 

Fig. 1 summarizes results of the effect of 
pH 2 on bovine plasminogen conversion ac- 
tivity. The values represent an average of 
duplicate determinations for at least 4 ex- 
periments. Generally, there was a corre- 
sponding increase in activator potency with 
increasing streptokinase Concentration (col- 
umn A).  Following low pH treatment, there 
was a striking decrease in activator capacity 
(column €3). Readdition of streptokinase re- 
turned activator levels to the pre-acid treat- 
ment values (compare column C with column 
A ) .  With exception of 250 units streptokinase 
level, subsequent low pH equilibrations re- 
duced activator potency again, while readdi- 
tion of streptokinase returned the activator 
levels to original values (columns E and G)  . 
At a concentration of 250 units of streptoki- 
nase, the second and subsequent low pH 
treatments did not result in an apparent loss 
of activator potency (columns D and F ) .  
U7hile there may have been destruction of ac- 

Results. 
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tivator, higher concentration of streptokinase 
in excess of non-reacted streptokinase could 
probably re-form activator after alkaline ad- 
justment of the sdution. 

Plasmin as well as streptokinase were quite 
stable when incubated separately at  low p H  
for 2 to 3 hour!;, since no decrease in activator 
activity was observed upon mixing after ad- 
justment to p l l  6.6 and addition to bovine 
plasminogen. ’The destruction of plasminogen 
activator activity following low pH treatment 
is in agreement with similar observations ‘by 
others( 5.8,9). However, the present results 
do not seem to support the concept that strep- 
tokinase interacts with a specific proactivator 
resulting in formation of a distinct singular 
plasminogen activator ( 1,2,3), since one would 
expect that re Deated acid treatments would 
eventually lead to a decrease in activator ac- 
tivity, which was not observed. 

Fig. 2 summarizes results of 4 duplicate de- 
terminations, gl-aphically illustrating the influ- 
ence of a plasmin inhibitor on formation of 
plasminogen activator activity. Preliminary 
experiments showed that the pancreatic tryp- 
sin inhibitor had the capacity to inhibit pro- 
teolytic activity of human plasmin and that 
this inhibition for the amount of plasmin used 
was complete a t  higher concentrations of in- 
hibitor employed. Column I indicates plas- 
min activity formed (as indicated by O.D. 
of the trichlor 3acetic acid soluble filtrates) 
when no inhibitor had been introduced at  any 
stage in the te:;t system. Columns 11, 11-A, 
and 11-B demonstrate the marked decrease in 
activator potency when the inhibitor was 
added to plasmin prior to addition of strepto- 
kinase at  the 3 levels employed. As the in- 
hibitor concentration was increased, the de- 
crease in activator formation became more evi- 
dent. These rtsults seem in agreement with 
the assumption ‘:hat human plasmin may inter- 
act with streptokinase forming the bovine 
plasminogen ac1:ivator. However, it was pos- 
sible that the inhibitor may have interacted 
with the plasrr inogen activator rather than 
with plasmin. Experiments in which the i n -  

hiibitor was added after interaction of human 
plasmin and streptokinase examine this aspect 
(columns 111, 111-A, and 111-B ) . Although 
evidence of some decreased bovine plasmino- 
gen activation was manifested, this decrease in 
activator activity was definitely less than that 
observed when plasmin was first interacted 
with the inhibitor (columns 11, TI-A, and TT- 
B ) .  Once again, the decrease in activator ac- 
tivity was more marked as inhibitor concen- 
tration was increased. The decrease in acti- 
vator activity under these experimental condi- 
tions may be due to an inhibition of the acti- 
vator by the pancreatic inhibitor or to a re- 
placement of some streptokinase in a plasmin- 
streptokinase complex. In the latter case, 
streptokinase apparently competes with the 
inhibitor in combining with human plasmin. 
If this were so, more pronounced activator ac- 
tivity might be expected as the ratio of strep- 
tokinase to inhibitor is increased. The data 
(columns I11 and 111-B) seem to support this 
possibility. To determine that there was ac- 
tually a decrease in activator activity and in 
resultant bovine plasminogen conversion in 
presence of inhibitor rather than any inhibi- 
tion of plasmin formed from bovine plasmino- 
gen, the inhi,bitor was added after activation 
of bovine plasminogen. As can be seen from 
the data, illustrated in columns TV, IV-A, and 
IV-B, there was only a slight decrease in plas- 
min activity (more pronounced at  6 p g  level 
of inhibitor) when compared with control se- 
ries (column I ) .  In the final experiments, 
human plasmin was readded after incubation 
of plasmin and inhibitor followed by streptoki- 
nase addition. At the level of 125 units of 
streptokinase (column V)  there was more re- 
activation in the presence of 2 pg of inhibitor 
as compared with 3, 4, or 6 pg of inhibitor. At 
the levels of 250 (column V-A) or 500 (col- 
umn V-B) units of streptokinase, with the ex- 
ception of the 6 p g  inhibitor concentration, 
reactivation was essentially complete. These 
findings would indicate that as long as there 
is no great excess of inhibitor, complete reac- 
tivation of the system is possible upon readdi- 
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tion of human plasmin. L4pparently strep- 
tokinase will compete with the inhibitor in 
combining with human plasmin. 

Our results may suggest that human plas- 
min and streptokinase combine to form a com- 
plex which has the capacity to convert bovine 
plasminogen to plasmin. The following 
scheme may serve to illustrate the formation 
of activator and the influence of the plasmin 
inhibitor on this reaction: 

1iuiii;iii 1il:isniiii 

stwptokiii:iw ~ P l : i s i i i i i i - ~ t r c ~ ~ i t o k i i i : ~ ~ ~ ~ ( ; i c . t i \ - : ~ t o t  i 
+ 

T I  
1 1  

Stlc1itokiii:ise 1 I Iiilii1,itor 

Ilmnaii pl:ihini~i + I I  
~~lasii i i i i  iiilii1)itor + Pl:isiiiiii-:iii tipl;isirriii ( inac t i rc  J 

It is assumed that in the presence of plas- 
min inhibitor, streptokinase will compete with 
the inhilbitor in combining with plasmin. The 
amounts of the i~lasniin-streptnltinase or plas- 
mi n - a n t i pl a 5 mi n co mple se s for m ed are d e - 
pendent upon concentrations of streptokinase 
and of plasmin inhibitor. 

Iliscussion. Our data do not seem to sup- 
port the concept of a separate proactivator 
which under the inl-luence of streptokinase is 
converted to a specific singular plasminogen 
activator(l,2,3). It may be pointed out that 
the postulated proactivator has not as yet 
been definitely demonstrated to be an entit!.. 
except by indirect inference. Our attempts to 
separate proactivator activity from human 
plasmin or plasminogen have thus far been un- 
successful. The data also do not substantiate 
the assumption that proactivator and human 
plasminogen are identical ( 6 ) .  Our results a re  
in agreement with the postulation that human 
plasmin reacts with streptokinase perhaps pro- 
portionally, to form a plaqmin-streptokinase 
complex which has the ability to convert bo- 
vine plasminogen to plasmin. The complex 
may contain streptokinase in a form so altei-etl 
(possibly by preliminary reacticin of plasmin 
on the streptokinase prior to complexing) that 
upon dissociation by acid. the bound strepto- 
kinase has become acid labile. This concept 
would be in agreement with the finding that 
activator activity can be destroyed (by acid 

addition of streptokinase after pH adjustment 
to 7.2. 

Studies on the influence of a plasmin inhibi- 
tor, added to various stages involved in bovine 
plasmin formation, on final proteolytic activ- 
i ty indicate that apparently streptokinase can 
compete with the plasmin inhibitor in combin- 
ing with human plasmin. Amounts of plasmin- 
streptokinase or plasmin-antiplasmin com- 
plexes formed seem to depend upon concentra- 
tions of streptokinase and plasmin inhibitor. 

The formulation of a plasmin-streptokinase 
complex as the bovine plasminogen activator 
is in accord with the observation of Kline and 
Fishman(5) that there was no significant 
change in the ratio of proactivator to plas- 
minogen (human) during purification of plas- 
minogen as well as with the finding of Ablondi 
and Hagan ( 6 )  that there was no difference in 
heat stability between proactivator and human 
plasminogen. The proposed scheme of bovine 
plasminogen activation by human plasmin in 
the presence of streptokinase is in accord with 
similar schemes proposed by Kline and Fish- 
man(5) as well as by Sherry and his asso- 
ciates ( 4 ) .  Meyers and Burdon ( 10) have 
shown that plasminogen in sera from a large 
number of different animal species could be 
activated with human plasminogen-streptoki- 
nase mixtures. 

Suiirinarj .  Equilibration of human plasmin- 
streptokinase mixtures at pH 2 led to a loss 
in ability of mixture to convert bovine plas- 
minogen to plasmin. Plasminogen conversion 
activity could be re-established upon readdi- 
tion G f  streptokinase. Results of repeated low 
pH treatments and readditions of streptoki- 
nase do not seem to support the hypothesis 
uf the existence of a specific proactivator for 
formation of a singular plasminogen activator. 
Studies on the influence of a plasmin inhibitor, 
added a t  various stages of the interactions, on 
formation of plasminogen converting activity 
yielded results in agreement with the hypothe- 
sis that plasmin reacts, probably proportion- 
ally, with streptokinase to form a plasmin- 
streptokinase complex which has the ability to 
convert bovine plasminogen to plasmin. 
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Serum Lipoproteins and Glycoproteins in Aminopterin Treated Rats." 
(25389) 

KRISHNASUDHA ROHATGI AND SACHCHIDANANDA BANER J E E ~  
Dept. of Physiology, Presidency College, Calcutta, India 

We observed( 1) alterations in serum pro- 
tein patterns olf aminopterin treated folic acid 
deficient rats. Folic acid is involved in lipid 
metabolism(2-4). Lipids and the bulk of 
carbohydrates in blood are transported in as- 
sociation with proteins. The nature and com- 
position of these lipoproteins and glycopro- 
teins might reflect basic changes in metabol- 
ism and thereby give information on the na- 
ture of these changes. In  the present investi- 
gation different electrophoretic components of 
serum glycoproteins and lipoproteins were de- 
termined in aminopterin-treated folic acid de- 
ficient and pair-fed normal rats. Total lipid, 
free cholesterol, ester cholesterol, phospholipid 
and neutral fat were also estimated in the se- 
rum of these animals. 

Selection of rats, prolductioin of 
folic acid deficiency by intraperitoneal injec- 
tion of aminopterin and collection of blood 
samples from carotid artery were the same as 
described previously ( 1 ) . Only clear serum 
was used. Total glycoproteins in serum were 
determined by the method of Weimer and 
illoshin ( 5)  as modified by Winzler (6) .  Cho- 
lesterol was estimated by the method of Sobel 
and Meyer ( 7 ) . Phosphollipid was estimated 
by determination of P of the serum extract (8) 

Methods. 

* W e  are indebted to Lederle Laboratories (India) 
Ltd. for gift of aminopterin. Ministry of Scientific 
Research & Cultural Affairs, Govt. of India, granted a 
National Research Fellowship to HR. 

t Present address: Prof. of Physiology, Medical 
College, Bikaner, India. 

and multiplying the value by 25(9). Total 
serum lipid was determined by the method sf 
Bragdon( 10). Neutral fat was calculated by 
subtracting the figure for total cholesterol and 
phospholipid from the value for total lipid. 
Ionographic separation of lipoprotein and 
glycoprotein fractions of sera were carried out 
by the paper electrophoretic technic described 
earlier ( 1 , l l )  . For glycoproteins .O 1 cc and 
.04 cc serum were applied on different parallel 
paper strips and electrophoresis continued folr 
16 hours with a current of 4 ma and 200 volts 
in a barbiturate-barbituric acid buffer of pH 
8.6 and ionic strength .05. The strip with .01 
cc serum was stained with bromophenol blue 
for proteins, and used as reference strip in 
subsequent measurement of pollysaccharides. 
Strips with .04 cc serum were stained for gly- 
coproteins by the method of Koiw and Gron- 
wall ( 1 2 ) ,  modified by Robaz et al. ( 13),  and 
based on histochemical technic described by 
Hotchkiss ( 14). Polysaccharides were indi- 
cated by violet bands. Densitolmetric evalua- 
tion of strips was performed immediately 
after staining, as the color was not permanent 
and the unstained portion of the paper turned 
pink after exposure for several hours in air. 
The densitometric curves of the different gly- 
coprotein bands were measured by planimeter. 
For lipoproteins, the prestaining procedure of 
McDonald and Bermes( 15) was followed. .05 
cc of stained serum for lipoprotein and .0015 
cc of serum for protein determination were ap- 
plied to- parallel adjacent strips and electro- 


