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Mammalian plasma contains a proteolytic enzyme in inactive form. Early 
studies indicated that in shed blood the enzyme gradually became activated 
spontaneously, and the blood acquired proteolytic properties (1, 2). When the 
plasma was treated with a variety of substances, including chloroform or other 
organic solvents (3) its proteolytic activity was greatly increased, although the 
activation proceeded slowly. Filtrates of cultures of beta hemolytic strepto- 
cocci also increased the proteolytic activity of plasma (4), apparently by acti- 
,eating the same proteolytic enzyme as chloroform (2, 5, 6). Activation of 
plasma proteolytic enzyme with streptococcal fibrinolysin, however, is dramatic 
and sudden, suggesting that the mechanism of action of chloroform and strep- 
tococcal fibrinolysin differ. 

In order to delineate the conditions necessary for the quantitative determina- 
tion of plasma proteolytic enzyme, a study has been made of the activation of 
the enzyme by chloroform and by streptococcal filtrates. This study indicates 
that activation of plasma proteolytic enzyme by chloroform is incomplete and 
slow, requiring at least 16 hours for the development of maximal activity. On 
the other hand, activation with maximal amounts of streptococcal fibrinolysin 
occurs almost instantly. 

Earlier reports (5, 7) suggested that the activation of plasma proteolytic 
enzyme by streptococcal fibrinolysin is a catalytic process. Data will be pre- 
sented in this paper which indicate that in the presence of some substance 
altered by chloroform or heat, the activation of plasma proteolytic enzyme by 
streptococcal fibrinolysin behaved as ff it involved a stoichiometric reaction. 
Streptococcal fibrinolysin seemed to react in molecular proportions with a sub- 
stance in plasma euglobulin which limited the activation of plasma proteolytic 
enzyme. These data reopen the question as to the mode of activation of plasma 
proteolytic enzyme by streptococcal fibrinolysin. 

The quantitative estimation of enzymatic activity requires a knowledge of 
the influence of changes in concentration of enzyme and substrate upon the 
course of digestion. Earlier studies (8) indicated that the digestion of gelatin 
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by plasma proteolytic enzyme was proportional to the square root of the con- 
centration of enzyme, and to the square root of the duration of digestion. That  
is, plasma proteolytic enzyme was said to obey Schiitz's law. 

The rate of digestion by plasma proteolytic enzyme has been reinvestigated. 
These studies suggest that like other hydrolytic enzymes, plasma proteolytic 
enzyme digests casein in direct proportion to the concentration of the enzyme 
and to time, at least during the early course of digestion. Furthermore, it has 
been shown that the plasma proteolytic enzyme preparation, when activated 
by filtrates of cultures of beta hemolytic streptococci, deteriorates after incuba- 
tion for approximately 1 hour; but the same enzyme activated by chloroform 
does not deteriorate for several hours. These studies indicate that chloroform 
may remove some substance from plasma which permits plasma proteolytic 
enzyme to deteriorate. 

Methods 

The nomenclature and all the methods employed in the following experiments have been 
described in the preceeding paper (6). 

EXPERIMENTAL 

1. The Kinetics of Activation of a Plasma Proteolytic Enzyme by Chloroform 

1. The Optimal Duration and Temperature of Incubation of Plasma Globulin 
and Chloroform in the Activation of Plasma Proteolytic Emyme.--The quantita- 
tive determination of the amount of chloroform-activated plasma proteolytic 
enzyme requires a knowledge of the optimal duration of incubation of the 
chloroform-globulin mixture, and the optimal temperature of this activation. 
When chloroform is added to whole plasma, the proteolytic activity of the mix- 
ture slowly increases, reaches a maximum in 7 to 10 days, and then decreases 
(3, 9). The following experiments indicate that the peak of proteolytic activity 
is reached in a much shorter time if the precursor of plasma proteolytic enzyme 
is first separated from the rest of the plasma by precipitation with the euglobulin 
fraction at pH 5.2. 

In order to determine the optimal time of activation of plasma proteolytie 
enzyme with chloroform, equal amounts of chloroform were added to aliquots 
of a solution of plasma euglobulin in buffer, and the resultant mixtures then 
incubated. The course of activation was determined by measuring the pro- 
teolytic activity of aliquots which were incubated for increasingly long periods 
of time. 

In  a typical experiment, 20 cc. of plasma was added to 380 cc. of distilled water, and 
sufficient 1 per cent acetic acid was added to bring the hydrogen ion concentration to pH 5.2. 
The resultant precipitate was separated by centrifugation and dissolved in 22 cc. of buffer. 
One cc. portions of the globulin solution were pipetted into each of 21 large test tubes, and 
half acc. of chloroform was added to each. The tubes were then stoppered and shaken for 
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10 seconds. Ten tubes were placed in a water bath at 25°C. and 10 in a bath at 37°C. The 
proteolytic activity of the twenty-first mixture was determined immediately. After ap- 
propriate intervals, the activity of the other mixtures at each temperature was measured. 
To determine proteolytic activity, the contents of each tube were transferred to a graduated 
centrifuge tube and the aqueous phase diluted with buffer to 5 ce. The chloroform and pre- 
cipitate were separated by centrifugation. Two cc. of 0.3 per cent casein in 0.004 N sodium 
hydroxide was then added to a 2. cc. aliquot of chloroform-activated enzyme, and the amount 
of casein digested in 1 hour at 37°C. was determined nephelometrically. 

As can be seen in Fig. 1 short periods of incubation of the chloroform-globulin 
mixture were unsatisfactory, because the amount  of proteolytic act ivi ty present 
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FIG. 1. The influence of the duration of incubation of chloroform-globulin mixtures on 
plasma proteolyfic activity at 25 ° and 37°C. See text. 

was extremely variable. This may  have been due to the formation of a pale 
gray clot which could be broken up only with difficulty. Mte r  about  8 hours 
of incubation the clot lysed and thereafter consistent results were obtainable. 
The peak of activi ty was reached between 16 and 28 hours, after which act ivi ty 
declined. 

Incubat ion of the chloroform-globulin mixture  at  25°C. resulted in much 
greater proteolytic activi ty than incubation at  37°C. No measurable proteo- 
lyric activi ty was present after incubation of the mixture at  4 ° or 56°C. for 17 
hours. These experiments indicate tha t  incubation of a mixture of plasma 
euglobulin solution and chloroform for 16 to 28 hours at  25°C. was the most  
effective of the combinations of time and temperature tested in the activation 
of plasma proteolytic enzyme. 
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2. The Optimal Values of Buffer and Chloroform Necessary for the Maximal 
Activation of the Proteolytic Enzyme in 2 cc. of Plasma.--The quantity of buffer 
in which the euglobulin precipitate of plasma was dissolved had a material 
effect upon the proteolytic activity which appeared upon incubation with 
chloroform. If  the globulin precipitate was dissolved in more than 2 co. of 
buffer before the addition of chloroform, very little active enzyme was found. 
Table I tabulates the results of an experiment designed to demonstrate which 
volume of buffer, used to dissolve the euglobulin precipitate of 2 cc. of plasma, 

TABLE I 

Influence on Proteolytic Activity Evoked by 0.5 Co. of Chloroform of the Volume of Buffer Used 
to Dissolve the Euglobulin Precipitate of 2 C¢. of Plasma 

Volume of buffer Enzymatic activity 

¢¢. m&./r~,* 

0.5 0.70 
1.0 0.68 
2.0 0.44 

* Milligrams of casein digested per cubic centimeter of enzyme-substrate mixture in I hour. 

TABLE IX 

In#uence on Proteolytic Ac~eity of the Volume of Chloroform Added to the Euglobulin Precipitate 
of 2 Co. of Plasma Dissolved in 0.5 Cc. of Buffer 

Volume of chloroform Enzymatic activity 

0.1 
0.3 
0.5 
1.0 

m&.l~.* 
0.43 
0.43 
0.46 
0.42 

* Milligrams of casein digested per cubic centimeter of enzyme-substrate mixture in I hour. 

resulted in greatest enzymatic activity. As can be seen, the maximal proteo- 
lytic activity observed was in the tubes in which the globulin precipitate of 2 
cc. of plasma was dissolved in 0.5 cc. of buffer. This volume was used in most 
experiments, although in some the globulin was dissolved in 1.0 cc. of buffer. 

The volume of chloroform added to the buffered globulin solution was of 
importance, although this was mi9irnizcd by thorough mixing before incuba- 
tion. In experiments in which chloroform and globulin were mixed thoroughly, 
a volume of 0.5 cc. of chloroform evoked the most proteolytic activity when the 
globulin was dissolved in a volume of 0.5 cc. or 1.0 cc. (Table II) .  In some 
experiments in which mixing was not thorough, a volume of chloroform of 0.2 
cc. or less induced much less activity than 0.5 cc. Furthermore, repeated 
experiments indicated that  a volume of chloroform of 1.0 cc. resulted in less 
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activi ty than 0.5 cc., perhaps because the larger volume of chloroform denatured 
more of the enzyme. 

In  summary,  the proteolytic activi ty evoked by chloroform was maximal 
under the conditions studied when the euglobulin precipitate of 2 cc. of plasma 
was dissolved in 0.5 cc. of buffer, mixed thoroughly with 0.5 cc.o f chloroform, 
and incubated for 16 to 28 hours at  25°C. 

II .  The Kinetics of Activation of Plasma Proteolytic Enzyme by 
Streptococcal Fibrinolysin 

1. The Influence of Increasing Concentrations of Streptococcal Fibrinolysin 
upon the Immediate Proteolytic Activity of Plasma Globulin.--In order to de- 
termine the amount  of proteolytic enzyme in plasma which can be activated 
by  streptococcal fibrinolysin, the effect of increasing concentrations of strep- 
tococcal fibrinolysin upon proteolytic activity was studied. 

In a typical experiment, the euglobulin precipitate of 16 cc. of pooled plasma was dissolved 
in 15 cc. of buffer. Varying volumes of fibrinolysin prepared from the H46A strain of beta 
hemolytic streptococcus were then added to 1 cc. aliquots of the globulin solution, and the 
volume in each tube brought to 5 cc. with buffer. One cc. aliquots of these mixtures were 
immediately diluted with 1 ce. of buffer, and 2 cc. of 0.3 per cent casein in 0.006 N sodium 
hydroxide was added. The progress of digestion during I hour at 37°C. was measured. 

As m a y  be seen in the upper curve of Fig. 2, the proteolytic activi ty of the 
globulin solution increased as the concentration of fibrinolysin increased, until 
a maximum was reached. 

2. The Stability of Streptococcal Fibrinolysin-A ctivated En~yme.--Christensen 
(5) demonstrated that  the plasma proteolyfic enzyme activated by  small 
amounts of fibrinolysin did not reach the peak of  its act ivi ty for several hours. 
The experiments to be described suggest, on the contrary, tha t  prolonged incu- 
bation of small amounts of fibrinolysin with a solution of globulin which has 
otherwise been untreated does not  increase proteolytic activity. Indeed, the 
activity of globulin activated by  fibrinolysin began to decrease within the 2nd 
hour, regardless of the concentration of fibrinolysin. 

In the experiment described in the preceeding section, 1 cc. aliquots of the globuUn-fi- 
brinolysin mixtures were incubated for 4 hours at 37°C. before the addition of casein, and 
the proteolytic activity of the mixture was then measured as before. The proteolytic activity 
of another set of 1 cc. portions of the same globulin-fibrinolysin mixtures was then measured 
after incubation for 3½ hours at 25°C. 

As can be seen in Fig. 2, the fibrinolysin-induced proteolytic activi ty of 
after incubation for 3~ hours. The decrease was appar- globulin had decreased 1 

ent ly greater at  37°C. than at  25°C., and as marked with low as with high con- 
centrations of fibrinolysin. Tha t  is, after the proteolytic enzyme in plasma 
euglobulin had been activated by  streptococcal fibrinolysin, its act ivi ty de- 
creased rapidly. 
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3. The Interrelation of the Concentrations of Streptococcal Fibrinolysin and 
Plasma Globulin, and Plasma Proteolytic Activity.--The ac t iva t ion  of p lasma 
proteolyt ic  enzyme b y  streptococcal  f i l trates has been said to be ca ta ly t ic  in 
na ture  (5, 7). The  hyperbol ic  relat ionship between fibrinolysin concentrat ion 
and proteolyt ic  ac t iv i ty  described above might  be explained otherwise, namely,  
t ha t  s t reptococcal  f i l trates m a y  ac t iva te  p lasma  proteolyt ic  enzyme b y  react ion 
with some substance in p lasma in accordance with the law of mass action. I f  
this were true, then the amount  of proteolyt ic  ac t iv i ty  evoked b y  mixtures  of 
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FIG. 2. The influence of increasing concentrations of streptococcal fibrinolysin on the 
proteolytic activity of plasma globulin solution, and the effect of incubation on the activated 
emzyme. Proteolytic activity is plotted against the amount of fibrinolysin added to globulin 
solution. The upper curve represents the proteolytic activity immediately after the addition 
of fibrinolysin; and the middle and lower curves, the proteolytic activity after the fibrinolysin- 
globulin mixtures had been allowed to stand at 25 and 37°C. for 3½ and 4 hours respectively. 

s t reptococcal  f i l trates and  of globulin should depend upon the produc t  of their  
respective concentrations.  The  following experiment  was designed to test  this 
hypothesis .  

A series of dilutions of streptococcal fibrinolysin was prepared, using buffer as a diluent. 
Similarly, plasma globulin was prepared in two dilutions, using buffer as a diluent. Equal 
volumes of each dilution of streptococcal fibrinolysin and of each dilution of globulin were 
mixed. This resulted in a series of tubes in which the fibrinolysin and globulin concentrations 
varied, but the products of the concentrations of fibrinolysin and globulin coincided at various 
points. To each mixture an equal volume of 0.3 per cent casein was added, and the enzyme- 
substrate mixture was then incubated at 37°C. for 1 hour. 
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The data from one experiment such as this have been plotted in Fig. 3. The 
ordinate represents the enzymatic activity of each preparation, expressed in 
milligrams of casein digested during the 1 hour period. The abscissa represents 
the product of the concentrations of fibrinolysin and globulin, expressed arbi- 
trarily. As can be seen, the effect on enzymatic activity of doubling the con- 
centration of fibrinolysin is the same as the effect of doubling the concentration 
of globulin within the limits tested. These results are compatible with a stoi- 
chiometric :reaction. 
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'Fro. 3. The relationship between the product of the concentrations of fibrinolysin and 
globulin solutions and plasma proteolytic activity. The concentrations of fibrinolysin and 
globulin were varied independently and the resultant proteolytic activity was plotted against 
the product of the concentrations of fibrinolysin and globulin. See text. 

4. The Effect of Fresh Fibrinolysin on Deteriorated Fibrinolysin-Activated 
Enzyme.-:-. The experiments just described suggested that when streptococcal 
fibrinolysin activates plasma proteolytic enzyme, the former reacts with some 
substance in euglobulin in molecular proportions. If this is true, then the quan- 
tity of inactive precursor which remains after activation should be inversely 
proportional to the amount of fibrinolysin added originally. The following ex- 
periments were designed to test this possibility. 

Fibrinolysin was added in increasing amounts to aliquots of plasma globulin dissolved in 
buffer. Each mixture was divided into three parts. The first part was assayed for proteo- 
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lyric activity immediately. The other two parts were allowed to stand in a water bath at 
37°C. for 4 hours. Then the enzymatic activity of one of these aliquots was measured; and 
at this time, 1 cc. of streptococcal fibrinolysin was added to each of the tubes of the third 
group, and the resultant enzymatic activity assayed immediately. 

When proteolytic activi ty was measured immediately, the activi ty of the 
globulin preparation varied directly with the amount  of fibrinolysin added until 
a maximum was reached (Fig. 4). The larger amounts of fibrinolysin seemed 
to saturate the substance in globulin with which it reacted. After 4 hours, the 
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FIG. 4. The effect of additional fibrinolysin on plasma proteolytic enzyme previously 
activated by fibrinolysin. Varying amounts of fibrinolysin were added to aliquots of globulin 
solution, and the proteolytic activity measured immediately (curve A). These mixtures 
were allowed to stand at 37°C. After 4 hours the proteolytic activity of an aliquot of each 
mixture was again determined. At the same time, 1 cc. of fibrinolysin was added to another 
aliquot of each mixture and the resultant proteolyfic activity was measured. Curve B 
represents the net proteolytic activity attributable to the addition of fresh fibrinolysin. 

enzymatic activi ty of these preparations decreased considerably, particularly in 
those tubes to which the smaller amounts  of fibrinolysin had been added. 
When 1 cc. of fibrinolysin was added to each tube after the 4 hour period, there 
was a great increase in activity in those tubes which originally contained the 
least fibrinolysin, and no increase in act ivi ty in those originally saturated with 
fibrinolysin. These data, with those described in the preceding section, demon- 
strate t h a t  in the activation of plasma proteolytic enzyme, streptococcal 
fibrinolysin reacts stoichiometrically with some substance in the globulin prep- 
aration. 

5. The Effect of Heat or Chloroform on the Activation of Plasma Proteolytic 
Enzyme by Streptococcal Fibrinolysin.--Christensen and MacLeod (5, 7) re- 
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ported that the activation of plasma proteolytic enzyme by streptococcal 
fibrinolysin was catalytic in nature, and in the absence of inhibitory substances 
the kinetics of activation appeared to be that of a first,order unimolecular reac- 
tion. A small amount of fibrinolysin was as effective as larger amounts, al- 
though the time necessary for complete activation was longer. In the experi- 
ments described in the preceding sections, fibrinolysin appeared to react in 
molecular proportions with some substance in globulin, either enzyme or inhib- 
itor, during the activation of proteolytic enzyme. A small amount of fibrinoly- 
sin activated only a small proportion of the enzyme precursor. The following 
experiments were designed to test whether in the globulin preparation separated 
by isoelectric precipitation inhibitory-substances were present which interfered 
with the complete activation of all available precursor. 

Twenty cc. of pooled serum t was heated to 56°C. for 30 minutes, diluted with 19 volumes 
of water and sufficient 1 per cent acetic acid to bring the pH to 5.2. The resultant precipitate 
was separated by centrifugation and disselved in 40 cc. of buffer. Two ec. of globulin solution 
was placed into each of 4 tubes and varying amounts of streptococcal fibrinolysin (previously 
dialyzed against cold distilled water and diluted with equal parts of buffer) were added. 
Sufficient buffer was added to each to bring the volume to 14 cc. The globulin-fibrinolysin 
mixtures were then incubated at 37°C. The proteolytlc activity of the globulin-fibrinolysin 
mixtures was determined at the onset, and after incubation at 37°C. for 1 and 2½ hours by 
incubating 2 cc. aliquots with 2 ce. of 0.3 per cent casein at 37°C. for 1 hour. At the same 
time, the experiment was repeated with the same serum unheated. 

When the globulin precipitated from serum which had been heated to 56°C. 
for half an hour was mixed with small amounts of streptococcal fibrinolysin, 
the amount of activated enzyme appeared to increase over a period of several 
hours (Fig. 5, A). Furthermore, when sufficient precursor was present, the 
amount of enzyme activated was directly proportional to the concentration of 
streptococcal fibrinolysin added. On the other hand, when streptococcal 
fibrinolysin was added to unheated serum (Fig. 5, B) the activity induced by 
fibrinolysin was maximal at the onset of the experiment and decreased during 
the period of observation. The same results were obtained by mixing plasma 
globulin solution with chloroform for 16 hours and removing the chloroform 
before the addition of streptococcal fibrinolysin. 

These experiments imply either that  heat or chloroform may activate directly 
or indirectly plasma proteolytic enzyme or, more likely, that  they destroy some 
substance in the globulin preparation which inhibits the activation of enzyme 
by streptococcal fibrinolysin. The significance of these observations will be 
discussed below. 

I l l .  The Kinetics of Digestion with Plasma Proteolytic Enzyme 

1. The Influence of Substrate Concentration on the Digestion of Casein by 
Plasma Proteolytic Enzyme.--To determine the influence of varying the con- 

x Serum was used instead of plasma since heating plasma to 56°C. results in precipitation 
of fibrinogen. 
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centration of substrate upon the amount  of substrate digested, chloroform- 
activated enzyme was prepared in the usual manner. 

In a typical experiment, 4 cc. of chloroform-activated enzyme, prepared as  in other experi- 
ments, was added to 4 cc. of casein dissolved in 0.006 N sodium hydroxide. The casein 
varied in concentration from 0.1 to 0.4 per cent, so that the final concentration of casein in 
the enzyme-substrate mixture was 0.5 to 2.0 rag. per cc. 
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FIo. 5. The proteolytic activity induced by streptococcal fibrinolysin in globulin which 
had been heated to 56°C. Proteolysis was measured immediately after the addition of 
fibrinolysin, and again after incubation of the globulin-fibrinolysin mixture at 37°C. for 1, 
and 2~ hours. See text. 

The amount  of casein digested during a period of 4 hours is plotted in Fig. 
6. During the first hour and a half, the amount  of casein digested was inde- 
pendendent of substrate concentration in those tubes with initial casein con- 
centrations of 1.0 mg. per cc. or more. Beyond this time, however, the rate 
of digestion of casein was directly dependent upon the initial casein concentra- 
tion. 

These studies indicate tha t  the quanti tat ive determination of plasma pro- 
teolytic enzyme requires tha t  a concentration of casein be used which would 
saturate all available enzyme during the period of digestion observed. How- 
ever, in practice, a concentration of substrate higher than 1.5 rag. per cc. had 
to be avoided. If  the concentration of casein was high relative to the concen- 
tration of globulin, when hydrochloric and sulfosalicylic acids were added to 
assay protein, flocculation and precipitation of protein resulted, instead of uni- 
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form turbidity. This rendered it impossible to quantify the protein present 
by the method used. Furthermore, concentrations of casein in the enzyme- 
substrate mixture higher than 1.5 mg. per cc. apparently inhibited digestion 
during the first 15 or 20 minutes of incubation. In repeated experiments, when 
concentrations of casein in the enzyme-substrate mixture of 1.5 mg. per cc. 
were used, the amount of casein digested was linear until approximately 0.7 
rag. per cc. was digested, after which the amount of casein digested per unit 
time decreased. 
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FIo. 6. The influence of the concentration of substrate (casein) on its rate of digestion 
by chloroform-activated plasma proteolytic enzyme. The initial concentration of casein is 
expressed in terms of milligrams per cubic centimeter of enzyme-substrate mixture. 

2. The Relationship between Concentration of Ennyme and the Digestion of 
Casein during the 1st Hour of Incubation of Enzyme and Substrate.--When the 
initial concentration of casein in the enzyme-substrate mixture was 1.5 rag. 
per cc., digestion with either fibrinolysin- or chloroform-activated enzymes was 
proportional to the concentration of enzyme present, up to the point where 
0.7 rag. per cc. of casein had been digested. Beyond this point, however, the 
relative rate of casein digested per cc. decreased. 

Fig. 7 is a composite of many experiments in which the amount of casein 
digested by various dilutions of fibrinolysin-activated and chloroform-activated 
enzyme was plotted against arbitrary units. The amount of enzyme necessary 
to  digest 0.50 rag. of casein per cubic centimeter of enzyme-substrate mixture 
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in 1 hour was arbitrarily called 50 digestion units. A sample of chloroform- 
activated enzyme was diluted to varying degrees, and the amount of casein per 
cubic centimeter of enzyme-substrate mixture digested in 1 hour was deter- 
mined. The data from one such experiment were then plotted, using the arbi- 
trary point of 50 units = 0.50 rag. as one point on the curve. Using this rough 
plot, the data from other experiments were fitted to the curve, selecting the 
best fit to the arbitrary curve. In this manner, it was possible to plot the data 
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FIG. 7. The influence of the concentration of plasma proteolyfic enzyme on the digestion 
of casein. The data of several experiments have been plotted on a single curve, with 50 
digestion units arbitrarily designated as the amount of plasnm proteolytic enzyme which 
will digest 0.50 mg. of casein per cc. of enzyme-substrate mixture in 1 hour, when the initial 
concentration of casein was 1.5 rag. per cc. of enzyme-substrate mixture. See text. 

of many experiments in such a way that arbitrary units would express the 
proteolytic power of any given specimen. Thus, if a given solution digested 
1.00 rag. of casein per cc. of enzyme-substrated mixture in 1 hour, it would 
contain 195 digestion units of plasma proteolytic enzyme. If  the enzyme were 
diluted with equal parts of buffer, it would contain 97 digestion units and should 
digest 0.77 mg. of casein per cc. per hour. Actually, these assumptions have 
been found to be correct in repeated experiments. In this way, by the use of 
an arbitrary scale, the difficulties imposed by not using a substrate concentra- 

tion higher than 1.5 rag. per cc. were overcome. 
3. The Activity of Plasma Proteolytic Enzyme after the 1st Hour of Incubation 
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with Substrate.--In studying the activation of plasma proteolytic enzyme by 
streptococcal fibrinolysin, use was made of the fact that fibrinolysin-activated 
enzyme prepared from plasma globulin deteriorated rapidly at 37°C. This 
deterioration appeared to occur early during the 2nd hour after the enzyme had 
been activated. In these experiments, described in section I I  4, the deteriora- 
tion seemed to take place before the addition of substrate. The following ex- 
periments demonstrate that fibrinolysin-activated enzyme also deteriorated in 
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FIG. 8. The relative time of deterioration of chloroform-activated and fibrinolysin-activated 
plasma proteolytic enzyme. See text. 

the presence of casein substrate. On the other hand, chloroform-activated 
enzyme did not deteriorate appreciably during a period of 3 hours. 

The digestion of casein by samples of fibrinolysin-activated and chloroform- 
activated enzyme has been compared in Fig. 8. Chloroform-activated enzyme 
did not show appreciable deterioration during the 3 hour period. The rate of 
digestion decreased only after the amount of substrate fell below the concen- 
tration necessary to saturate all available enzyme; that is, when the concentra- 
tion of casein decreased below approximately 0.8 mg. per cc. This indicates 
that there was no appreciable deterioration of chloroform-activated enzyme 
during the period of observation. 

On the other hand, in this and many other experiments, the activity of 
fibrinolysin-activated enzyme decreased rapidly beyond the 1st hour of incu- 
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bation,  regardless of how much casein was still available. This  implies tha t  
the fibrinolysin-activated enzyme had deteriorated in one way or another. As 
pointed out before, this decrease in act ivi ty  occurred even in the absence of 
substrate. The deterioration of fibrinolysin-activated enzyme occurred in all 

preparations studied, and became sufficient to affect the assay of proteolytic 
act ivi ty  early during the 2nd hour of incubat ion at  37°C. Ordinarily, proteo- 
lytic act ivi ty  was determined by measuring the amount  of substrate digested 
in 1 hour. Therefore, it was necessary to assay fibrinolysin-activated enzyme 

immediately after preparat ion to minimize the effects of deterioration. 

4. The Influence of Chloroform on the Deterioration of Plasma Proteolytic 
Enzyme Activated by Chloroform or by Streptococcal Fibrinolysin.--Chloroform- 
activated plasma proteolytic enzyme apparent ly  did not  deteriorate during 
several hours '  incubat ion at  37°C. On the other hand,  fibrinolysin-activated 
enzyme deteriorated rapidly. The following experiments were designed to 

TABLE III 
The Protection of FibrinoIysin-A ctivated Enzyme by Cldorc form 

Activator Time of measurement Of activity Enzymatic activity 

Fibrinolysin 
Fibrinolysin 
Chloroform 
Fibrinolysin and chloroform 

together 

Immediately after preparation 
After incubation at 25°C. for 20 hrs. 
Mter incubation at 25°C. for 20 hrs. 
Mter incubation at 25°C. for 20 hrs. 

~c./u.* 

0.76 
0.09 
0.09 
0.60 

* Milligrams of casein digested per cubic centimeter of enzyme-substrate mixture in I hour. 

determine whether chloroform removed or destroyed some substance which 
hastened the deterioration of plasma proteolytic enzyme. 

In a typical experiment, the euglobulin precipitate of 14 cc. of plasma was prepared in 
two unequal portions. The precipitate of 2 cc. was dissolved in 1 cc. of buffer, and half a cc. 
of chloroform was added. This mixture was incubated for 20 hours at 25°C., and the chloro- 
form-activated proteolytic activity was then determined in the usual manner. The euglobulin 
precipitate of the remaining 12 cc. of plasma was dissolved in 6 cc. of broth filtrate containing 
streptococcal fibrinolysin. I t  was demonstrated that this amount of fibrinolysin was not 
sufficient to activate all available precursor. The fibrinolysin-activated proteolytic activity 
was determined immediately on a 1 cc. aliquot. Another 1 cc. aliquot was allowed to stand 
at 25"C. for 20 hours, and its proteolytic activity then determined. To a third 1 cc. aliquot 
was added 0.5 ec. of chloroform and the mixture was allowed to stand at 25°C. for 20 hours, 
after which its proteolytic activity was determined. It was then possible to compare the 
proteolytic activity of the globulin immediately after the addition of fibrinolysin, 20 hours 
af ter  the addition of fibrinolysin, 20 hours after the addition of fibrinolysin and chloroform 
together, and 20 hours after the addition of chloroform alone. 

These data  demonstrate tha t  the addit ion of chloroform to fibrinolysin-acti- 
vated enzyme immediately after it had been prepared, prevented in large meas- 
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ure the deterioration of plasma proteolytic enzyme over a period of 20 hours 
(Table I I I ) .  I t  seemed of interest to determine whether chloroform would 
reactivate fibrinolysin-activated plasma proteolytic enzyme once it had deteri- 
orated. 

At the same time as the preceding experiment, two other 1 cc. aliquots of fibrinolysin- 
activated globulin were incubated at 37°C. for 4 hours. At the end of that time, one aliquot 
was tested for proteolytic activity. To the other aliquot was added 0.5 cc. of chloroform, 
the mixture was incubated for 16 hours at 25°C., and its proteolytic activity then determined. 
It was then possible to compare the proteolytic activity of the globulin immediately after 
the addition of fibrinolysin; after 4 hours at 37°C. following the addition of fihrinolysin; 
16 hours after the addition of chloroform to enzyme which had been incubated for 4 hours 
at 37°C. after the addition of fibrinolysin; and 20 hours after the addition of chloroform alone. 

As can be seen in Table IV, once fibrinolysin-activated enzyme had been 
allowed to deteriorate, the addition of chloroform did not reverse this deteri- 

TABLE IV 
Failure of Chloroform to Reverse the De~riora~ion of Fibrinolysin-Argiva~d Enzyme 

Activator Time of measurement of activiW Enzymstic activity 

Fibrinolysin 
Fibrinolysin 
Chloroform 
Fibrinolysin incubated at 37°C. 

for 4 hrs., then chloroform 

Immediately after preparation 
After incubation at 37°C. for 4 hrs. 
After incubation at 25°C. for 20 hrs. 
After incubation at 25°C. for 16 hrs. 

following addition of chloroform 

rot.lit.* 
0.76 
0.06 
0.09 
0.20 

* Milligrams of casein digested per cubic centimeter of enzyme-substrate mixture in-1 hour. 

oration. The small increase in activi ty noted could be accounted for entirely 
by  the activation of precursor not previously activated by fibrinolysin, since 
the precursor had not been saturated by the amount  of fibrinolysin employed. 

DISCUSSION 

The experiments described define some of the conditions necessary for the 
optimal activation of plasma proteolytic enzyme by  chloroform. Mixtures of 
chloroform and the euglobulin containing the precursor of plasma proteol.vtic 
enzyme were incubated for varying lengths of time and at several temperatures. 
The greatest proteolytic activity resulted when the plasma euglobulin was 
incubated with chloroform for 16 to 28 hours at  25°C. This is in contradis- 
tinction to the reported results of incubation of chloroform and whole plasma 
(3, 9), mixtures of which were not maximally active for at  least several days. 
These studies suggest tha t  some substances not  in euglobulin may  retard th a 
activation of plasma proteolytic enzyme. Incubat ion of globulin with chloro- 
form at  37°C. resulted in much less proteolytic act ivi ty than incubation at 25°C. 
The explanation of this phenomenon is not  clear, al though it is possible tha t  
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the enzyme may be destroyed by the prolonged incubation at 37°C., perhaps by 
autodigestion. 

The evidence presented did not indicate the mode of activation of plasma 
proteolytic enzyme by chloroform. Delezenne and Pozerski (3) and later 
Christensen (9) suggested that chloroform apparently removes some substance 
which prevents the accumulation of enzyme. Then the enzyme may be acti- 
vated autocatalytically in the manner in which trypsinogen is activated by 
trypsin (9). The data support this view but the evidence is not conclusive. 

Streptococcal fibrinolysin on the other hand, activated plasma proteolytic 
enzyme with great rapidity and when maximal amounts of fibrinolysin were 
used, maximal activity was observed just as early as proteolysis could be meas- 
ured. Christensen and MacLeod (7) studied the proteolysis of gelatin with a 
purified streptococcal fibrinolysin prepared from the H46A strain of beta 
hemolytic streptococcus. They concluded that the activation of plasma pro- 
teolytic enzyme by streptococcal fibrinolysin was a catalytic process. The rate 
of activation was proportional to the concentration of fibrinolysin, but the 
maximal activity developed was independent of the concentration of fibrinoly- 
sin used. 

Moreover, Christensen and MacLeod (7, 9) have proposed an hypothesis 
which explains the data thus far presented concerning the r61e of chloroform 
and of fibrinolysin in the activation of plasma proteolytic enzyme., Plasma 
proteolytic enzyme is capable of spontaneous activation. Chloroform removes 
some substance which destroys the plasma proteolytic enzyme as it is formed. 
Therefore, when globulin solutions are treated with chloroform, the spontane- 
ously developing enzyme gradually accumulates, and the preparation acquires 
considerable proteolytic activity. Fibrinolysin, on the other hand, reacts 
catalytically directly with some substance in globulin to release plasma pro- 
teolytic enzyme. 

Other data, reported above, however, are not adequately explained by this 
hypothesis. If the globulin preparation was not previously treated with heat 
or chloroform, the activation of plasma proteolytic enzyme with streptococcal 
fibrinolysin behaved as if a stoichiometric reaction occurred. Thus, the pro- 
teolytic activity evoked by fibrinolysin acting on plasma globulin preparations 
not so treated was an hyperbolic function of the concentration of fibrinolysin. 
This is compatible with the law of mass action. Furthermore, if the concen- 
tration of both fibrinolysin and globulin was varied, the proteolytic activity 
that resulted was proportional to the product of the concentration of fibrinoly- 
sin and of globulin. That is, within limits, 

[Substance in globulin] X [fibrinolysin] 
= Constant 

[Proteolytic activity] 

With the globulin preparation used, the enzymatic activity of fibrinolysin- 
globulin mixtures began to deteriorate after incubation for about 1 hour at 
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37°C. This was equally true if small or large amounts of fibrinolysin were 
used. When preparations of fibrinolysin-activated enzyme were allowed to 
deteriorate, the addition of fresh fibrinolysin evoked fresh enzymatic activity 
in those preparations which had low concentrations of fibrinolysin originally, 
and none in those which had high concentrations of fibrinolysin originally. 
Therefore, these experiments indicate that fibrinolysin reacted in molecular 
proportions with some substance in globulin, probably the precursor of plasma 
proteolytic enzyme itself. 

All the data above can be explained by a new hypothesis. The globulin 
preparation used contained small amounts of inhibitor of activated plasma pro- 
teolytic enzyme. Streptococcal fibrinolysin reacts stoichiometricaUy with the 
precursor of plasma proteolytic enzyme. In the absence of these inhibitory 
substances, the enzyme so activated is responsible for further autocatalytic 
activation of the remaining enzyme precursor. In the presence of inhibitor 
of the activated enzyme, the autocatalysis is blocked, and the molecular reac- 
tion is then apparent. 

Certain data described above support this hypothesis. When the plasma 
globulin was treated with chloroform or heat, streptococcal fibrinolysin now 
appeared to activate plasma proteolytic enzyme catalytically. However, the 
globulin thus treated simultaneously lost its ability to inhibit plasma proteo- 
lytic enzyme (2). Furthermore, fibrinolysin-activated enzyme prepared from 
globulin treated with heat or chloroform did not deteriorate with the rapidity 
of unheated globulin preparations. These experiments suggest that the in- 
hibitory substance which prevents the catalytic activation of plasma proteo- 
lytic enzyme may be identical with the inhibitor of activated plasma proteolytic 
enzyme. 

The kinetics of digestion with plasma proteolytic enzyme have not been 
defined previously. The data presented here demonstrate that the relation- 
ship between concentration of enzyme and the amount of substrate digested is 
similar to that of other hydrolytic enzymes. When the concentration of sub- 
strate is sufficiently high to saturate all available enzyme, the rate of digestion 
by hydrolytic enzymes is directly proportional to the concentration of the 
enzyme, and to the duration of digestion (10). This is particularly true early 
in the course of digestion, before the accumulation of inhibitory end products, 
or a decrease in the amount of substrate available, or the inactivation of the 
enzyme. The experiments herein described demonstrate that plasma proteo- 
lytic enzyme does indeed digest casein in direct proportion to the concentration 
of enzymes as long as the enzyme is saturated with substrate. 

SUMMARY 

1. Some conditions for the optimal activation of plasma proteolytic enzyme 
by chloroform have been described. The activation proceeds slowly. The 
action of chloroform is probably to remove some substance which inhibits or 
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inactivates the plasma proteolytic enzyme preparation, rather than a direct 
activation of the enzyme. 

2. Plasma proteolytic enzyme is activated by filtrates of cultures of beta 
hemolytic streptococci. When streptococcal fibrinolysin is present in maxi- 
mally effective amounts, the activation is almost instantaneous. When the 
globulin is prepared from heated serum or the globulin is treated with chloro- 
form, the activation of enzyme by streptococcal fibrinolysin appears to be 
catalytic. If the globulin is not so treated, the reaction appears to involve a 
stoichiometric process. 

3. The plasma proteolytic enzyme activated by chloroform or by strepto- 
coccal fibrinolysin digests casein in direct proportion to the concentration of 
enzyme and to the time of digestion, during the early period of incubation. 

4. Fibrinolysin-activated enzyme deteriorates rapidly relative to chloroform- 
activated enzyme. This may be due to the removal by chloroform of some 
substance which inactivates plasma proteolytic enzyme. 

It is a pleasure to acknowledge the advice and encouragement of Dr. G. S. Mirick, and 
Dr. R. M. Archibald. 
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