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Mammalian plasma contains an enzyme 
precursor termed plasminogen (profibrino- 
lysin) ( 1 )  wh.ich can be activated by various 
agents in vitro to form plasmin (fibrino- 
lysin) ( 1 ) , an enzyme capable of dissolv- 
ing fibrin clots. Streptokinase,* a com- 
monly employed activator of human plas- 
minogen, is incapable of activating some ani- 
mal plasminogens (2).  Geiger (3) first re- 
ported that more than one factor was in- 
volved in the activation of certain animal 
plasminogens by SK. Later, Miillertz and 
Lassen (4) showed that although bovine plas- 
minogen was refractory to activation by SK, 
the addition of human globulin to the system 
resulted in the activation of the bovine plas- 
minogen. As a result of their investigations, 
Miillertz and Lassen postulated that SK re- 
acts with a proactivator (human factor) to 
form a plasminogen activator which converts 
plasminogen (bovine) to bovine plasmin. The 
studies of Troll et aZ.(5) and Troll and 

* Streptokinase-abbreviated SK. - - 1  1 ” 

Sherry (6) indicated that this 2-stage activa- 
tion process also applied to the SK activation 
of human plasminogen, the first step being a 
stoichiometric combination of SK with pro- 
activator to form activator; the second stage, 
the enzymatic conversion of plasminogen to 
plasmin by this activator. Employing syn- 
thetic substrates, they concluded that both 
the plasminogen activator and plasmin hydro- 
lyze lysine esters, whereas plasmin hydrolyzes 
arginine esters as well. 

It is the purpose of this paper to present 
data which indicate that the proactivator de- 
scribed by Mullertz and Lassen may be hu- 
man plasminogen. This conclusion is based 
on evidence obtained from a comparison of 
the solubility, stability and purification char- 
acteristics of proactivator and human plas- 
minogen. Further evidence supporting this 
conclusion is provided through studies of the 
autocatalytic conversion of human plasmino- 
gen to human plasmin. 

Prebarations. Human idasmino Pen. Frac- 



196 HUMAN PLASMINOGEN AN) "PROACTIVATOR" 

tiont 111, Human Plasma (Baxter Labora- 
tories) and placental blood Fraction 1112 
were used. Fraction 111 and placental blood 
Fraction IIT2 were purified according to Kline 
( 7 ) ,  Christensen (8) or by methods described 
in the text. Bovine Plasminogen. Fifty-two 
liters of fresh citrated bovine plasma were 
warmed to 25" and with continuous stirring. 
520 ml of 20% calcium chloride were added 
slowly. The fibrin which formed was re- 
moved by filtration through cheese cloth and 
500 ml of 1% sodium ethyl inercurithiosalicy- 
late were added to the serum filtrate. The 
serum was adjusted to pH 5.2. added to 10 
volumes of cold distilled water and the pre- 
cipitate allowed to settle a t  5' for 24 hours. 
Most of the supernatant fluid was then si- 
phoned off and the precipitate collected by 
Sharples centrifugation. Twenty grams of 
sodium chloride were added to the precipitate 
to aid in obtaining a homogeneous suspension. 
It was suspended in 4 liters of distilled water, 
adjusted to pH 6.4. and lyophilyzed. Stwp- 
tokhzase--L'aridase@ (Lederle) was dialyzed. 
adjusted to pH 6.4 and lyophilyzed. Szrb- 
strafes-Syn thetic substrates were prepared 
as follows: L-lJYsine ethyl ester dihydrochlor- 
ide (LEE) according to I\\'erbin and Palm 
( 9 ) ,  and p-toluene sulfonyl arginine methyl 
ester monohydrochloride (TAME) according 
to Troll ct al .(5).  All compounds met the 
usual criteria for analytical purity. They 
were stored over phosphorus pentoxide. 
Buflers-pH 6.5 and pH 7.15 - 0.1 11 phos- 
phate buffers were used in the assays. 

Methods. Lysine ethyl esterase assay. 
This assay provided a measure of the total 
activator and plasmin activity of SK acti- 
vated plasminogen. since both enzymes hy- 
drolyze LEE (6).  When this assay is carried 
out in the absence of SK, it provides a meas- 
ure of plasmin only. SK and varying dilu- 
tions of human plasminogen are prepared in 
pH 6.5 buffer. LEE is dissolved in pH 7.1 5 
buffer a t  a concentration of 0.168 11 immedi- 
ately before use to minimize spontaneous hy- 
drolysis( 10). SIC, plasminogen dilutions and 

~~ 

t Obtained from Dr. T. D. Gerlough of E. R. 
Squibb and Sons through the courtesy of Dr. J. N. 
Ashworth of American Red Cross. 
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buffer are warmed to 37" and then added to 
a series of conical centrifuge tubes in the fol- 
lowing order: 0.5 ml pH 6.5 buffer, 0.5 ml 
of varying plasminogen concentrations, 0.5 ml 
LEE and 0.5 ml SK. Enzyme blanks for each 
reaction mixture are included by substitution 
of pH 6.5 buffer for LEE. A substrate con- 
trol is composed of 0.5 ml LEE and 1.5 ml 
pH 6.5 buffer. The pH of all mixtures is 6.4- 
6.5. The reaction is started by addition of 
SIi and after one hour a t  37", the mixtures 
are analyzed by the copper method( 10). Val- 
ues of enzyme blanks and substrate control 
are subtracted from values of the reaction 
mixtures and the difference is converted to 
$% hydrolysis of LEE. A plot of plasminogen 
concentration versus Yo hydrolysis yields a 
straight line to a t  least 3070 hydrolysis. Since 
the extent of hydrolysis is dependent upon 
the SK concentration employed for activation 
(Fig. la) ,  the optimal SK concentration is 
determined by titration. The optimal SK 
concentration is used for assay. A typical 
assay plot is shown in Fig. la .  One unit of 
LEE esterase is defined as that quantity of 
SK activated plasminogen which effects a 
1% hydrolysis of LEE under the described 
conditions. Activator assay. Although an 
assay has been described ( 1 1 ) , the following 
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TABLE I. Comparison of Human Plasma and Purified Plasminogen fo r  Activator, TAME 
Esterase and L E E  Esterase. 

,--Units/y N-, r-Ratio of activities- 

Enzyme source esterase esterase Activator esterase esterase Activator 
LEE TAME LEE TAME 

Fresh human plasma” (soluble) .07 .08 2.5 1 1.1 35 
Kline plasminogen(6) ; further 1.4 1.2 60 1 .9 43 

purified (soluble) 

* Obtained through the courtesy of Mr. Frank  Clarke of these laboratories. 

procedure provides a more quantitative meas- 
urement of the activator of bovine plasmino- 
gen. This assay reflects the “proactivator” 
content of human plasminogen. Assays are 
carried out as described under LEE esterase 
assay except that bovine plasminogen, pre- 
pared in pH 6.5 buffer a t  a concentration of 
4% is added in place of the 0.5 ml of pH 6.5 
buffer. Since the incorporation of bovine 
plasminogen in the test system permits the 
use of lower concentrations of human plas- 
minogen, hydrolysis of LEE resulting from 
plasminogen activator or human plasmin is 
negligible ( 1 1 ) . The optimal SK concentra- 
tion for maximal activation is determined for 
each human plasminogen fraction (Fig. 1 b) . 
It should be pointed out that in the system 
used for the assay of activator, there is ap- 
proximately 10 times the amount of protein 
that is present in the LEE esterase assay. 
In the establishment of the optimal SK con- 
centration (Fig. l b )  it has not been deter- 
mined whether the indicated inhibition oc- 
curring at  high SK concentrations is real or 
artifact. A plot of plasminogen versus 70 hy- 
drolysis (Fig. l b )  is linear when the extent 
of hydrolysis does not exceed approximately 
15%. A unit of activator is that quantity of 
SK activated human plasminogen, which re- 
sults in 1% hydrolysis of LEE, under the con- 
ditions of the assay. Tosyl arginine methyl 
esterase assay. The method described by 
Troll et al. ( 5 )  , employing formaldehyde in 
the titration of tosyl arginine was used to de- 
termine plasmin activity. However, a pH 
meter was employed for measuring the end- 
point of the titration. One unit of plasmin is 
defined as that quantity of plasmin which re- 
sults in 170 hydrolysis of TAME after 30 
minutes, under the conditions of the assay. 

Results. Comparison of human plasma and 

purified human plasm,inogen by  activator, 
LEE esterase and TAME esterase assay. 
Preliminary purification experiments ( 7 )  were 
carried out using plasminogen of placental 
and blood origin, in an attempt to separate 
proactivator from plasminogen. It became 
apparent that an increase in purity of pro- 
activator resulted in a corresponding increase 
in purity of plasminogen. Accordingly, plas- 
minogen prepared by Kline’s procedure( 7 )  
was further purified$ to yield a fraction sol- 
uble between pH 2-11. This fraction was 
compared with a sample of fresh human 
plasma for activator, LEE and TAME ester- 
ase activity (Table I ) .  The ratio of LEE es- 
terase: TAME esterase: activator was almost 
identical for both fractions. 

Comparison of LEE esterase and activator 
activity during autocatalytic conversion of 
plasminogen to  plasmin. A fraction of hu- 
man plasminogenS was dissolved in pH 7.6- 
0.1 M phosphate buffer a t  a concentration of 
0.71 mg N/ml, preserved with merthiolate, 
mixed with an equal volume of glycerine§ 
and placed in a 37” water bath. During a 
2 week incubation period, aliquots were as- 
sayed by activator and LEE esterase assay. 
In addition, aliquots were tested by LEE es- 
terase and activator assay with SK omitted, 
so that autocatalytic plasmin and the effect 
of this plasmin on bovine plasminogen might 
be determined. 

When assayed with SK, the total LEE es- 
terase activity (plasmin + activator) was 
relatively constant, while proactivator, as re- 
flected by activator assay, diminished rap- 
idly. In  contrast to the decrease in proacti- 
vator, autocatalytic plasmin (LEE esterase 
assay-without SK) activity increased, sug- 

0 Personal communication from Dr. S. J. Sherry. 
Unpublished data. 
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gesting that either plasmin brings about the 
destruction of proactivator or plasmin is 
formed from proactivator. 

Under the conditions of this experiment, 
plasmin did not activate bovine plasminogen 
(activator assay-without SK) . 

Stabili ty of proactivator and plasminogen. 
Troll et al . (5 ,6)  demonstrated a marked dif- 
ference in stability of proactivator and plas- 
minogen to heat as measured by TAME es- 
terase and LEE esterase assays. 

In view of the solubility characteristics of 
plasminogen, it became apparent to us that 
the stability of plasminogen and the insta- 
bility of proactivator to heat might be re- 
lated to solubility. Plasminogen preparations 
are generally more soluble at  pH 9. the pH of 
the TAME esterase assay, than at  pH 6.4,  
the pH of the LEE esterase and activator as- 
says. 

Fraction 111 was suspended in 0.85% so- 
dium chloride a t  6.25 mg N/ml stirred for % 
hour, adjusted to pH 7 and centrifuged. The 
opalescent supernatant fluid was incubated a t  

50" and at  intervals aliquots were removed 
for LEE esterase, T,4;11E esterase and acti- 
vator assays. The results (Fig. 3a) show 
the same stability of proactivator and plas- 
minogen by activator and LEE esterase as- 
say; however, a greater stability of plasmino- 
gen was apparent by TAME esterase assay. 
This would be expected if plasminogen is 
more soluble in the TAME esterase assay 
than in the other assays. 

Stabilit? of proactivator and plasminogen 
in a solublr plasminogen fraction. Since the 
above experiment suggested a relationship be- 
tween solubility and apparent stability of 
1)lasniinogen. a soluble fraction was prepared. 
'To a sulfuric acid extract(8) of Fraction IIT 
was added 3% sodium chloride. The pH was 
adjusted to 6.4 and the precipitate that 
formed was removed by centrifugation. Fifty 
nil of this soluble fraction, containing 0.27 
mg N/ml was incubated a t  50". The solution 
became increasingly turbid during the incu- 
bation period. At intervals, aliquots were re- 
moved and added to an equal volume of p H  
6.5 buffer. Before carrying out TAME es- 
terase and activator assays each aliquot was 
filtered through a No. 2 Whatman paper to 
give a clear solution. 

The data (Fig. 3b) show the stability of 
the precursor of the tosyl arginine esterase 
and the precursor of the activator to be iden- 
tical. 

0 .- c 
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TARLE JI. TAME and LEE Assays of Spontan- 
eous Plasmin.” t 

--TAME ;tssays--, -LEE assays- 

u/iiil value plasmin u/ml value plasmin 
Mean 70 Mean yo 

SK 180 114 
165 1i-I 126 121 
l’ii 123 

S o S K  I56 72 
180 164 75 74 
156 75 

94 61 

* Plasniin prepared from Placental F r  1112 by 
Kline’s iiietliocl( i ) .  

t Prepared through the courtesy of Mr. Merlo 
Querry of Lederle Tlaboratories Division, Amer. 
Cyananlid Co. 

Evidence that activator does not hydrolyze 
T A M E .  We have confirmed the observation 
(6) that activator does not significantly hy- 
drolyze TAME at  pH 9. A fraction of plas- 
minogen containing large quantities of spon- 
taneously active plasmin (Table 11) was as- 
sayed on TAME and LEE in the presence 
and absence of SK. TAME assays were al- 
most identical with or without SK, but LEE 
assays were higher with SK. This would in- 
dicate that the activator does not significantly 
hydrolyze TAME a t  pH 9, but manifests a 
specificity for LEE. 

The data show that proacti- 
vator and human plasminogen have the same 
heat stability and purification properties. 
Moreover, when the plasminogen content is 
reduced through its autocatalytic conversion 
to plasmin there is also a reduction in pro- 
activator content. These observations indi- 
cate that either proactivator and human plas- 
minogen are closely related or they are a sin- 
gle substance. Purification studies are in 
progress in an attempt to resolve this ques- 
tion. 

Assuming proactivator to be human plas- 
minogen, the following mechanism for the 
activation of bovine plasminogen is indicated: 

Discussior.!. 

human 
(1) SK + plasminogen-+ SKX 

(proactivator) (activator) 

( i l C  tivator) enzymatic bovine plasmin 
Rapid ( 2 )  ;3KX + bovine plasminogen 

-+ 

Slow ( 3 )  Plasrniii + bovine plasminogen 
enzymatic boviiie plasmin (12) 

+ _._____ 

Evidence that plasmin is not a proactivator 
was provided by the finding that during the 
autocatalytic conversion of plasminogen to 
plasmin the proactivator content decreases 
(Fig. 2 )  the opposite of what would be ex- 
pected if plasmin were a proactivator. I t  has 
been demonstrated( 12) that, under the 
proper conditions, plasmin and trypsin acti- 
vate bovine plasminogen ; however, this ac- 
tivation is very slow in relation to the activa- 
tion by SK plus human plasminogen. Fur- 
thermore, it is possible that the activator and 
plasmin might synergistically activate bovine 
plasm i nogen . 

Mullertz and Lassen (4) have reported that 
the inability of SK to activate bovine plas- 
minogen is due to the low proactivator con- 
tent of bovine plasminogen. In view of the 
present evidence, the following possibilities 
must also be considered : (a) bovine plasmin- 
ogen, because of its molecular structure, does 
not readily combine with SK to form acti- 
vator ; (b)  bovine plasminogen, although 
molecularly the same as human plasminogen, 
is bound a t  critical centers preventing its 
combining with SK ; (c) bovine plasminogen 
preparations contain inhibitors which prevent 
SK from combining with bovine plasminogen 
but do not inhibit activation by the SK hu- 
man plasminogen mixture; or, (d) SK com- 
bines with bovine plasminogen to form an 
SKX complex which is incapable of activat- 
ing bovine plasminogen or does so a t  a very 
slow rate not observable under our test con- 
ditions. 

Summary. Human plasma and highly puri- 
fied soluble human plasminogen contain the 
same proactivator: plasminogen ratio. The 
difference in apparent stability of plasmino- 
gen and proactivator was traced to the dif- 
ference in solubility as effected by the pH of 
the respective assays. During the autocata- 
lytic conversion of plasminogen to plasmin, 
proactivator content diminishes as plasmin is 
formed. A discussion of these observations is 
presented, wherein i t  is proposed that human 
plasminogen and the proactivator of bovine 
plasminogen in human plasminogen are the 
same factor. 

The authors wish to ex,press gratitude to Mrs. 
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Emma Zilko ior technical assistance and to Dr. H .  I,. 
Hutchinp, Ilr.  P. H. Bell, Dr. E. C. De Renzo and 
Dr. S. Gordon for helpful suggestions in preparing 
this manuscript. 
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Sensitivity of Pertussis-Inoculated Mice to Serotonin.' (23166) 

LEOS S. KIND (Introduced by R. 1'. IYalton) 
Dcpiir t  i i i e i r t  of .IZicrobiology, Jlcdicnl C'ollcgc of Soicth Carolina, Charleston. 

It is well known that pertussis vaccine in- 
creases susceptibility of mice to histamine ( 1 ) 
and to active ( 2 ) and passive (3.4) anaphy- 
laxis. I t  hardly seems likely that the con- 
comitant sensitivity of pertussis-inoculated 
mice to histamine and to anaphylaxis is coin- 
cidental. However. some evidence has been 
presented against the importance of hista- 
mine in mouse anaphylaxis( 5 ) .  Recently. 
Fink demonstrated that the anaphylactic con- 
traction of isolated mouse uterus is inhibited 
by lysergic acid diethylamide (LSI)) and re- 
serpine(5). I t  was also shown that the egg- 
white sensitized and normal mouse uterus is 
1000 times more sensitive to serotonin than to 
histamine. In view of the aforementioned 
experiments, the sensitivity of pertussis-inocu- 
lated mice to serotonin was determined. 

Male 20 to 2 7  g 
Tumblebrook Farm ( T F )  Swiss II'ebster 
mice and male 17 to 21 g Swiss \\'ebster mice 
from the National Laboratory Animals Co. 
(NLA) were inoculated i.p. with 0.1 ml of 
Hemophilus pertussis vaccine (48.8 billion 
organisms/ml) . Four days later (when the 
peak of histamine sensitivity is known to oc- 
cur) pertussis-inoculated mice as well as un- 
inoculated control animals were challenged 

Materials and methods. 

* This investigation was supported by research 
grant from the Xational Institutes of Health. 

i.p. with various doses of histamine dihydro- 
chloride or serotonin creatinine sulfate. In 
the experiment involving pertussis-inoculated 
and uninoculated NLA mice 5 dosage groups 
containing 8 mice per group were employed 
in determining the LD,,, of either histamine 
or serotonin. An exception to this procedure 
occurred in the uninoculated mice challenged 
with histamine, where only 1 group of 8 mice 
was challenged with a single dose of hista- 
mine. Since all animals survived, the LDZo 
was expressed as > the dose injected. In the 
experiment involving pertussis-inoculated and 
uninoculated TF mice 3 dosage groups con- 
sisting of 6 mice per group were utilized in 
each instance in determining the LD50 of each 
drug. Total number of animals used in both 
experiments was 200. Deaths were noted for 
a period of 24 hours. Median lethal doses 
were calculated by the method of Litchfield 
and \\'ilcoxon(6) and are expressed in terms 
of mg/kg of base. 

Results. The data in Table I demonstrate 
that administration of pertussis vaccine 
greatly increases susceptibility of the mouse 
to the lethal effects of both serotonin and his- 
tamine. The LDso and 19/20 confidence 
limits of serotonin were 7.9 (5.4 - 11.4) mg/ 
kg in pertussis-inoculated TF mice and 364 
(251 - 528) mg/kg in uninoculated TF ani- 


