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Proteolytic Activity of Hemophilic Plasma. 

DAN A. &CHERT. (Introduced by W. W. Westerfeld.) 
Prom Department of Bioohernistry, Sgracuse University College of Medicine, Syracuse, N .  Y .  

Tagnon, Davidson, and Taylor1 reported 
that the proteolytic activity of hemophilic 
plasma was lower than normal, but subse- 
quently this group af investigators found no 
such difference? In both studies the proteo- 
lytic enzyme was activated by treatment with 
chloroform; proteolytic activity was then 
measured by the rate of destruction of 
fibrinogen and fibrin1 or by the rate of diges- 
tion of casein? 

Human blood plasma contains the inactive 
proteolytic enzyme precursor, plasminogen,*3 
which can be activated partially at least by 
chloroform treatment; activation with strep- 
tokinase appears to be much more effective. 
Plasma also contains an antiproteolytic fac- 
tori--Y that must be removed or destroyed in 
order to obtain a true measure of the enzyme 
activity. In the procedure herein described 
the plasminogen has been separated from the 
antiproteolytic material by an alcohol frac- 

1 Tapon,  €1. J., Davidson, C. S., and Taylor, 
F. IT. L., J .  Clin. Invest., 1943, Z2, 137. 

2 Lcwis, J. H., Davidson, C. 8.: Minot, G. R., 
Soulicr, J. P., Tagnon, €I. .J., and Taylor, I!'. 11. L., 
J .  Clin. Invest., 1946, 2.5, 870. 

* Several proposals for the nomenelaturc of the 
active enzymc and its prccursor have becn N I ~ ~ C .  

Thcy are a)  plasmin and plasmjnogcn;~ b) fibrjno- 
lysin and profibrinolysin;4 c )  serum tryptnsc and 
tryptogen;C d) serum protcase and lptic factor0 
respectively. 
3 Cliristensen, L. R., and Madmd,  C. M., .7. 
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Mulford, D. .J., Ashworth, J. N., Melin, M., and 
Taylor, II. L., J .  Am. Chew. Soc., 1946, 68, 459. 
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tionation similar to that devised by Cohn 
et aZalOJ1 for the separation of plasma pro- 
teins. The enzyme was then activated with 
streptokinase,12 and the plasmin activity was 
estimated from a measurement of fibrinogen- 
olysis time.lJ3 A comparison of hemophilic 
and normal plasmas showed little if any dif- 
ference in plasminogen content. 

Experimental. Reagents. 1. 50% alcohol. 
500 ml of 95% ethanol were diluted with 
distilled water to 950 ml. 

12 ml of 1 M 
sodium acetate and 72 ml of 1 M acetic acid 
were mixed and diluted to 1 liter with distilled 
water . 

3. Phosphate buffer, pH 10.1, with sodium 
citrate. 13.4 g of NapHP04 * 7H20 and 29.4 
g of NasCaHj07 * 2H20 were dissolved in 
approximately 500 ml distilled water. Nor- 
mal sodium hydroxide was added to adjust 
the pH to 10.1, and the solution was then 
diluted to 1 liter. 

4. Phosphate buffer, pH 7.2, with sodium 
citrate and sodium chloride. 4.14 g of 
KaH2P04*H20, 8.82 g of Na3C6H&' 
2H20 and 8.91 g of KaC1 were dissolved in 
approximately 500 ml distilled water. The 
pH of the solution was adjusted to 7.2 with 
normal sodium hydroxide, and the solution 
was then diluted to 1 liter. 

5. Streptokinase. A crude preparation of 
this enzyme was preparedl from a p-hemolytic 
streptococcus medium by the alcohol precipi- 
tation method of Garner and TiIlett.l4 The 
precipitate was dried from the frozen state 

2.  Acetate buffer, pH 4. 

~ 

11 EdsaU, J. T., Advances in Protein Chemistry, 

12 Christensen, L. R., J .  Gen. Physiol., 3945, 28, 

13Ferguson, J. H., PROC. SoC. EXP. BIOL. AND 

14 Garner, R. L., and Tillett, W. S., J. J h p -  

1947, 3, 383. 
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' r m m  1.  
Fibrinogcnolgtic Activity of thc I'lasinin Traction of Kormal and Hemolytie Plasmas Activated 

with Streptokinase. 

Fibrinogenolysis time 
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and resuspended in the phosphate buffer just 
before use. 

6 .  Beef fibrinogen was prepared according 
to Nare,  Guest, and Seegers." -4 0.4% 
solution was made up in the phosphate buffer, 
pH 7.2.  This fibrinogen was free of any plas- 
minogen that could be activated by strepto- 
kinase. 

7 .  Thrombin. Sufficient dried Harvard 
Fraction IIT-Zt was dissolved in 0.8S4% 
sodium chloride so that 0.2 ml clotted 0.2 nil 
of a 0.4% fibrinogen solution in approximately 
1 minute. 

Plasma Fractionation Procedure. Citrated 
blood ( 12 ml whole blood and 1 ml 44% 
sodium citrate) was centrifuged: 5 ml of the 
plasma were measured into a 50 ml centrifuge 
tube and cooled to 1 ' C in an ice bath. 2 . 5  ml 
of cold acetate buffer were added, giving a pH 
of approximately 6.8.  12.5 ml of the cold 
ethanol solution were then. added slowly from 
a pipette with constant stirring to give a pre- 

' 5  ware, A. G., CJllWt, M, M., and Secyy \, 
W. H., Arc?&. Rbchem., 1947, 13, 231. 

t The fraction 111-2 was obt:iincd thrciugll tllv 
courtesy of Dr. John T. Edsall. Ct was preparxt 
under a contract bctwcen the Office of Sciciitilit, 
Research and Development and IIarvard Univer- 
sity from human blood collected by the Amcrieiui 
Red Cross. 
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cipitate containing the fibrinogen, plasmino- 
gen, antiproteolytic material and other pro- 
teins. After standing in an ice bath for 30 
minutes the precipitate was removed by centri- 
fuging in the cold (3-5"C), and the super- 
natant solution was discarded. 

The precipitate was then suspended in 0.3 
ml of phosphate buffer, pH 10.1, and the 
wspension was dissolved by the addition of 
.i ml of cold water. To the solution were 
added 10 ml of cold, water and 15 ml of cold 
ethanol solution. The pH of this medium was 
about 7.6. I t  was cooled in an ice bath for 
30 minutes, centrifuged in the cold, and the 
supernatant solution (containing the antipro- 
teolytic material) was discarded. The pre- 
cipitate was redissolved in phosphate buffer, 
pH 7.2, and the final volume was adjusted 
with buffer to 5 ml. The buffer was prewarm- 
ed to 38"C, and was added just before the 
sample was treated with streptokinase. 

This solution, containing the original plasma 
concentration of plasminogen and fibrinogen, 
was tested a t  both 100% and 12.5% of the 
original plasma concentration. In testing 
the undiluted solution (100%) the fibrinogen 
of the original plasma served as the substrate. 
In testing a t  12.5% concentration, 1 ml of 
the solution was dmiluted with 7 ml of the 
beef fibrinogen substrate. By including cit- 
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rate in the buffer reagents the fibrinogen did 
not clot until thrombin was added. 

Activation and Test for Proteolytic Activity. 
j ml of the solution to be tested were placed 
in a constant temperature bath at  38°C for 5 
minutes; 0.2 ml of the streptokinase suspen- 
sion was then added. Aliquots of 0.2 ml 
were removed at  one-minute intervals follow- 
ing the streptokinase addition, and these were 
immediately tested for clotting power by the 
addition of 0.2 ml of thrombin solution. The 
time a t  which thrombin no longer clotted the 
test solution was recorded as the fibrinogenoly- 
sis time. This was the time required for the 
streptokinase to activate the enzyme and for 
the latter to digest the fibrinogen substrate to 
the point where it no longer coagulated. 

Results. Table 1 shows the fibrinogenolytic 
activities of 3 hemophilic plasmas and of 5 
normal human plasmas. 

The fraction obtained from hemophilic pa- 
tient No. 3 showed no activity when the 
100% solution was treated with 25 mg of 
streptokinase. However. good proteolytic 
activity was demonstrated in this plasma 
when the relative proportion of streptokinase 
to plasma was greatly increased. This sug- 
gests that the fraction from this plasma con- 
tained a high concentration of antistrepto- 
kinaselG which could be overcome by treat- 
ment with large amounts of streptokinase. 

Discussion. By the precipitation of plas- 
minogen from plasma under the conditions 

16 Kaplan, N. II., in collaboration with the 
Commission on Acutc Respiratory Diseases, J .  
C I h .  Inrest . ,  1946, 2ci, 347. 

.~ ____ -- 

described, its activation by streptokinase and 
its proteolytic activity could de demonstrated 
without interference from the antiproteolytic 
factor. When whole plasma was treated with 
streptokinase in the same proportion as was 
used with fractionated plasma, this rapid di- 
gestion of fibrinogen was not observed. Neither 
could a solution of the first alcohol precipitate 
of plasma be rapidly activated by strepto- 
kinase. 

Christensen and MacLeod3 and Kaplan" 
have shown that the chloroform activated and 
the streptokinase activated proteolytic en- 
zymes are identical. Since the streptokinase 
activated proteolytic activity of hemophilic 
plasma in this experiment was found to be 
comparable to that of normal human plasma, 
the results confirm the conclusions of Lewis, 
et aLj2 that the proteolytic activity of hemo- 
philic plasmas is not impaired. 

Summary. 1. A method is described by 
which the proteolytic activity of human 
normal and hemophilic plasmas may be com- 
pared. 

2.  The proteolytic activity of 3 hemophilic 
plasmas was found to be comparable to that 
of normal plasmas. 

Gratitude is expressed to Dr. Tyrce C. Wyatt 
mid Dr. John Houpis of the Pediatrics Depart- 
ments, Syracuse University College of Medicine 
and 8~r:~cuse Memorial Hospital for their co- 
operation in securing the bloods from the hemo- 
philic patients. 

liKaplan, M. H., PROC. SM. EXP. BIOL. AND 
Mm., 1944, 57, 1940. 




