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pseudogloulin and albumin are devoid of in- 
hibitor, as are the pseudoglobulin of chicken 
and albumin of horse plasma. Confirming our 
earlier work: th*e albumins are found to con- 
tain most of thle co5actor. Positive results are 
obtained, however, with euglobulin of horse 
and pseudoglobulin of horse and chicken 
(weak). Negative results are found only with 
guinea-pig pseudoglobulin and chicken eu- 
globulin. Guinea-pig leuglobulin could not be 
tested with certainty owing to fibrinogenoly- 
sis. Thrombin interferes with tests on euglob- 
ulin in similar experiments with human and 
some other species of plasma. 

Summary. Marked species variations in the 
staphylocoagulation phenomenon are encoun- 
tered and can be explained in terms of several 
factors. Comparing with rabbit plasma as an 
empirical standard (shortest staphylocoagula- 
tion times encountered), the ability to shorten 
staphylocoagulation time by addition of co- 
factor (human serum albumin) is evidence 
for lesser amounts of cofactor in such plas- 
mas as horse and bovine. Cofactor can,not be 
recovered completely ur uniformly in plasma 
fractions obtained with the classical (T\uTH4)2 

SO, salting procedures. Nevertheless, the 
“albumin” is consistently rich in cofactor (for 
activation of prostaphylocoagulase) and de- 

void of thrombin (which interferes in tests on 
some euglobulins) . 

Excess of inhibitor(s), in part at  least 
directed against active staphylocoagulase as 
shown by pre-incubation of prostaphylocoagu- 
lase with cofactor before adding to plasma 
(or plasma dilution + fibrinogen) is a feature 
of some plasmas, notably rat and chicken. 
Owing to this, the demonstration of cofactor 
requires plasma fractionation. in these in- 
stances. 

Fibrinogenslytic and8 possibly other proteo- 
lytic effects may interfere with tests, especial- 
ly at higher (37°C) temperatures, and are ex- 
emplified in guinea-pig and dog plasmas. 

The quantitative evaluation of staphylo- 
coagulation times must, therefore, take cog- 
nizance of variability not only in the two bac- 
terial factors but, even msore significantly, in 
the various plasma factors on which they 
operate in the systems devised for testing the 
staph ylocoagulation and pro teoly tic9 phe- 
nomena. There are marked species differences 
in th’ese p lasm factors. 
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The mechanism of staphylococcal fibrino- 
lysis has been shown recently1S2 to be anal- 

ogous to the mechanism of streptococcal fi- 
brinolysis: namely, a kinase type of activa- 
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tion by the bacterial product, of plasma or 
serum proenzyme (protease precursor) to 
yield the active lytic agent. In  an earlier 
study,2 of which the present data are an ex- 
tension, the distinction between the bacterial 
factor taking part in proteolysis (stapkylokin- 
m e )  #and that involved in coagulation (pro-  
Staphyloc~agulase)~ was made by means of 

3 Milstone, H., J. lmmunol., 1941, 42, 109. 
4Qerheim) E. B., and Ferguson, J. H., YROC. 
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TABLE I. 
Mtaphplococcal Pibrinolpsis and I~liibitio~i by Crystalline Soybean T1.J-l,sin-inliibitor, in Plmma 

Clots of Various Species. 37OC; pH = 7.7 (borate buffer). 

$pee ies I. St i ~ l ) l i ~ l o  ki IMS~:  11. Stapli. + inhibitor - - ._ - - - - - .- . ._. - - - _. ._____- 

Dog 2.5 miii. 60 inin. 
Hunitlii .31 mill. I65 niin. 
Guinea pig iitl min. 2% rnin. 
Rabbit 2iO xihi. Xu’o lysis (48 hr) 

S o  lysiv (72 hr) 0s 
Horse 
Sheep 
Rat 
C‘l1ic*ken ‘ 7  

So lysir ( i 2  l ir)  .. - 7  

.. 7 7  .. 7 7  

. I  

. - . .- - __ __ - - - . . - ___ - _ _  . . -I-_ -- 

heat lability experiments. The current study 
concerns ( 1 j species differences in plasma 
factors which react with staphylokinase. ( 2  j 
differences between staphylokinase and strep- 
tckinas,e (a )  in these species plasma reactivi- 
ties and (b)  in the rates with which they in- 
duce their respective activation of protease 
precursor. 

Reagents. 1. Plasmas were collected from 
the various animal species by centrifugation 
of blood received into one-tenth volume of 4% 
sodium citrate (hydrated) : 2. Thrombin was 
the commercial (Parke, Davis) “Thrombin 
Topical” diluted to 10-15 units,’ml; 3. Fi- 
brinogen was ,4rmour’s bovine plasma Frac- 
tion-I. which was proenzyme-free3 inasmuch 
as no active protease could be detected after 
treatment with ( 1 j chloroform, ( 2  j bacterial 
kinases, or ( 3 )  “fibrinokinase” of -4strup and 
Permin:” 4. The staphylococcal product, con- 
taining lboth staphylokinase and prostaphylo- 
coagulase (of no consequence in the presence 
of added thrombin) was prepared in 1% solu- 
tion as previously described: 5 .  Crystalline 
soybean aatiprotease (trypsin-inhibitor) , cour- 
tesy of Dr. 31. Kunitz.‘ was used in 1 :  10,000 
solution; 6. Borate buffer;’ pH = 7.7: was 
used as solvent and diluent throughout. 

Staphylokinase- and streptokinase-induced 
fibrinolysis in plasma clots of various species. 

- - - - -  - 
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Confirming earlier workers: we find strepto- 
kinase to lyse human plasma (fibrin) clots, 
but unable to induce fibrinolysis in plasma of 
other animal specimes. 

Staphylokinase is tested in the following 
systems: I. 0.5 ml citrated plasma + 0.25 ml 
staphylokinase + 0.25 ml buffer + 0.25 ml 
thrombin : 11. similar mixtures but containing 
0.25 ml 1: 10,000 crystalline soybean antipro- 
tease instead of buffer. The data given in 
Table I are representative of a number of ex- 
perimen ts. 

Staphylokinase does not show the strict 
species specificity of streptokinase, but does 
fail to lyse plasma clots (Table I) of ox, 
horse,. sheep, rat, and chicken. Fibrino- 
lysis is obtained, however, with dog, human, 
guinea-pig, rabbit. Moreover, the respective 
lysis times are usually in that order both in 
I. and in 11. In the latter series, a weak pro- 
tease inhibitor is chosen to bring out its rela- 
tive inhibitory effects and these show a definite 
correspondence with the initial enzyme po- 
tency. Thus, in the case of the weak rabbit 
protease the inhibitor inhibits fibrinJy5: fcr 
at least 48 hours, whereas its effect is relative- 
ly minor, i.e. 60 min. vs. 25  min., on the lysis 
time in dog plasma tests. 

In  repeated tests on a single species, e.g. 
rabbit plasma, considerable variations in lysis 
time are encountered, despite the use of the 
same staphylokinase preparation and carefully 
standardized test conditions. It may be re- 
called that Lack’” consistently failed to acti- 

9 Tillett, W. S., mid Garner, R. L., J .  Exp. Med., 

lOLack, C .  H., Brit. J .  Exp.  Path., 1948, S, 
1933, M, 185. 

8 Kunitz, bl., J .  Getc. Physiol., 1946, !29, 149. 191. 
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vate rabbit plasma with his staphylokinase 
preparations and hence suggested possible 
plasma inhibitors. 

The working out of quantitative metho& to 
estimate and distinguish between plasma dif- 
ferences as to enzyme prlecursor, on the one 
hand, and the possible inhibitors, on the other, 
is beyond the scope of the present communica- 
tion. 

I t  is,, neverthelless, possible to conclude that, 
in adcdition to individual plasma variations, 
there are wider and more significant species 
variations) clearly illustrated by the data of 
Table I, which, whatever the ultimate cause, 
do represent definite species differences in the 
plasma reactivity of s taphylo kinase. 

Staphylokinase fibrinolysis in human plas- 
ma Fraction-I was noted in a previous paper? 
Clearly, staphylokinase and streptokinase can 
only be compared on human plasmas or 
products containing the species reactive pro- 
enzyme and equivalent in terms of such still 
ill-defined factors as the :possible antikinase 
and antiprotease inhibitors. 

Hates of activation of proenzyme by staph- 
ylokinase and streptokinase. Numerous 
experiments in our laboratory confirm the 
co~iclusion of previous workersl1J2 th’at strep- 
tokinase activates human plasma proenzyme 
“almost instantaneously” (Kaplan, 1945). In  
such case, attention is directed away from the 
fact that the events following the addition of 
bacterial kinase to plasma clot systems occur 
in two phases, namely, first the activation of 
proenzyme to lytic agent, and1 only secondly 
lysis of the substrate (fibrin). Early in our 
studies #of staphylokinase the question was 
raised whether this activator might not differ 
from streptokinase in the rapidity of the first 
phase reaction. The following test system 
was, therefore, devised to permit independent 
following of the progress of the activation of 
proenzyme. Serum (4 ml) was used as a 
fibrinogen-free source off proenzyme and incu- 

MED., 1944, 57, 40. 
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bated at  37°C with the staphylococcal product 
(1 m1). After suitzble incubation periods, 
0.5 ml of the mixture was added to 1 ml pro- 
egzyme-free bovine fibrinogen and irnmediate- 
ly clotted with 0.5 ml thrombin. Such experi- 
ments were perfsormed on human, rabbit, 
guinea-pig, and dog sera. Typical results 
from sera of the Iast two species are recorded 
in Fig. 1. I t  may be seen that the shortest 
lysis times (optimal protease activity) re- 
quired an incubation averaging 30-60 minutes. 
In  the experiment with dog Serum, the lysis 
test after 15 seconds incubation was 33 minb 
utes, but redched an optimal of 4 minutes 
lysis time. after incubation for half an1 hour. 
Thereafter, the lysis times gradually length- 
ened, reaching 36 minutes after 4 hours of 
incubation, obviously daenoting instability or 
inactivation! of the enzyme at  the 37” tempera- 
ture. The guinea-pig data are less striking 
but qualitatively sim*la.r. 

Summary. Fibrinolytic tests are described 
which clearly demonstrate differences in the 
species wactivity of plasmas to the staphylo- 
kinase and streptokinase activation of the pro- 
tease system. Whereas streptokinase acts 
only on human materials, staphylokinase 
works on plasma. (or serum) of dog, guinea- 
pig, and rabbit also, but gives negative results 
with bovine and other species tested. Staphylo- 
kinax differs from st-reptokinase also in re- 
quiring an incubation period of many minutes 
before reaching optimal activation of the 
serum proenzyme. 
Heceived May 16, 1949. P.S.E.B.M., 1949, 71. 


