PLASMINOGEN ACTIVATION

—~SH occurring in severely injured rats (and
mice) are not brought about by the transfer
to, and storage of, such compounds in un-
altered chemical form in tissues other than the
liver.

Leaf and Neuberger(10) and Edwards and
Westerfeld(11) have reported that by 24
hours after rats were placed on a low protein
diet, a considerable decrease had occurred in
the concentration of glutathione in the liver.
Since animals subjected by us to scalding,
trauma, or hemorrhage did not eat for several
hours thereafter, it might be postulated that
the low liver non-protein —SH values observed
by us were due to protein deprivation. How-
ever, the changes observed by us have been
most pronounced at three and six hours after
infliction of injury or hemorrhage, whereas in
the experiments of Leaf and Neuberger rats
deliberately starved did not exhibit any ap-
preciable decrease in liver glutathione concen-
tration even at 24 hours after the beginning of
the starvation.

It is hoped that future experimentation will
elucidate some of the metabolic and/or hor-
monal mechanisms responsible for the de-
creases in concentration of non-protein —SH
compounds which occur in certain tissues,
especially the liver, following severe injury.

Summary. 1. Significant decreases in con-
centration of non-protein ~SH were noted in
rat liver following tumbling trauma, and in
rat liver and kidney following severe scalding.

Activation of Bovine Plasminogen by Trypsin.*+

H. D. Jackson anp E. T. MErTZ.

827

2. In analyses confined to the liver, a signifi-
cant decrease in liver non-protein —SH was
noted following severe hemorrhage. No ap-
preciable change was noted in either liver pro-
tein —SH or extractable liver protein. 3. Blood
non-protein —SH concentrations were practi-
cally identical for control and tumbled rats.
Scalded rats exhibited a moderate increase in
concentration of blood non-protein -SH,
paralleling the hemoconcentration.
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Following the early observation that chloro-
form treatment increased the proteolytic ac-
tivity of serum(1), chloroform was found to
function by reacting with a protease inhibitor,
thus allowing an autocatalytic type activation

* Journal Paper No. 792, Purdue Univ. Agri. Exp.
Station.

t This work was supported by contract between
Purdue University and the Department of the Army.

of the protease(2). The inactive zymogen of
this protease system has been named plas-
minogen (profibrinolysin) and the active en-
zyme, plasmin’ (fibrinolysin). Plasmin func-
tions in the blood coagulation scheme by split-
ting fibrinogen and fibrin to smaller fragments.
Since chloroform, first used to activate plas-
minogen, is foreign to a biological system,
attempts have been made to find biological
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activators of plasminogen. Activators of
human plasminogen have been found in strep-
tokinase(3-6), staphylokinase(7,8), various
mammalian tissues(3,5,9), human urine(10),
human blood(6,11), and trypsin(8,12,19).
Activators of dog plasminogen include staph-
vlokinase(5.7.13), various mammalian tissues
(5), dog serum(14), but not dog plasmin
(5,8,13.14), and trypsin(8). Bovine plas-
minogen is not activated by bacterial kinases
(5,7), but is activated by kinases found in
human milk(15). human urine(10). human
blood(6,11), lung tissue of several species
(5,16), pig heart(3.17,18), and trypsin
(12,16).

Trypsin can activate bovine prothrombin
(20) as well as plasminogen and thus appears
to function as a kinase for 2 important zymo-
gens of the blood. In the present report tryp-
sin is compared with other proteases and with
chloroform as an activator of bovine plas-
minogen. Several of the bovine plasmins were
partially purified and obtained in lyophilized
form.

Methods and materials. Crude plasminogen.
Beef plasma was obtained frozen from a com-
mercial source or prepared from fresh blood.
In either case the blood was collected into
oxalate solution(21) and centrifuged. The
oxalated plasma was converted to serum by
stirring 30 ml of 5.3% calcium chloride solu-
tion (added dropwise) into a liter of oxalated
plasma. Fibrin precipitated in strands and
stirring was continued for 30 minutes(22).
The fibrin was removed on cheesecloth and the
resulting serum was frozen in plastic con-
tainers at —20°C. Crude plasminogen was
obtained from thawed serum by fractionation
with ammonium sulfate at 0°C. Two hundred
ml of ammonium sulfate solution (saturated
at 25°C) was added dropwise to a chilled
mixture containing 500 ml serum and 300 ml
distilled water giving a solution of 0.82 M
ammonium sulfate. If a precipitate formed,
it was removed by centrifugation and dis-
carded. Eighty grams of solid ammonium
sulfate were then dialyzed into the chilled
serum solution. After equilibrium, the con-
tents of the dialysis tubing were added with
stirring to the serum solution giving a final
concentration of 1.38 M ammonium sulfate.
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The solution was stored . overnight at 5°C.
Following centrifugation the supernatant was
discarded and the precipitate was taken up in
distilled water, yielding approximately one-
fifth of the original serum volume. This am-
monium sulfate fraction was frozen until fur-
ther use. Upon thawing, 100 ml of this
fraction was mixed with 20 ml of pH 7.2
imidazole buffer(23). The buffered product
was called crude plasminogen solution. These
procedures were based in part on those of
Loomis et al.(22). In our work, freezing the
serum and the ammonium sulfate fraction was
convenient, and in addition, yielded a more
active product than could be prepared with-
out these freezing steps. The frozen products
were stable for as long as 4 months. Activa-
tion to plasmin. To cause an autocatalytic
type of activation, or to increase the efficiency
of a protease activator, chloroform was used
as follows: 100 ml of crude plasminogen
solution (pH 7.2) was mixed with 20 ml re-
agent grade chloroform in a separatory funnel
and the mixture shaken intermittently for an
hour at room temperature. The solvent layer
was then drawn off, and excess chloroform and
denatured protein removed in an angle cen-
trifuge. In the chloroform treatment, the
critical factor appears to be adequate mixing
of chloroform and crude plasminogen during
the one-hour period. After such treatment,
the chloroform may remain in contact with
the supernatant liquid, be drawn off, or re-
moved with denatured protein by centrifuga-
tion, with no effect on the activation. Pro-
cedures used in chloroform treatment were
based in part on those of other workers
(22,24). The chloroform-treated crude plas-
minogen solution was activated to crude plas-
min solution at 25°C either slowly with no
further treatment, or rapidly with addition of
a protease activator. Trypsin, chymotrypsin,
ficin, pancreatin, papain, and plasmin were
tested for their ability to activate the plas-
minogen solution by adding them in the dry
form. In the routine procedure with a pro-
tease activator the zero time fibrinolytic ac-
tivity was measured just after the addition of
the protease. This zero time activity, due to
the protease activator, was subtracted from
the total fibrinolytic activity obtained at later
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time intervals as a measure of the plasmin
produced. Plasmin assay. Assays were con-
ducted by the method of Guest et al.(25), who
define one fibrinolytic unit as the amount of
protease activity which will completely lyse
one cc of a standardized fibrin clot in 120
seconds at 28°C(26). Plasmin purification.
The maximally activated crude plasminogen
solutions were partially purified by 40-fold
dilution with distilled water and precipitation
at pH 5.5 with 0.1 ¥ H,SO,. The preparation
was stored overnight at 5°C and the super-
natant decanted. The precipitate was centri-
fuged and the supernatant rejected. The plas-
min precipitate was taken up in 0.066 M phos-
phate buffer, pH 7.5, to approximately one-
tenth of the original serum volume and clari-
fied by centrifugation. The procedure of iso-
electric precipitation was repeated and the
purified plasmin was again taken up in the
phosphate buffer, shell frozen and lyophilized.
These procedures were modified from those
presented by other workers(22,24,27). Por-
tions of the lyophilized plasmins were redis-
solved in phosphate buffer (10 mg/ml) and,
after 20-30 minutes, were assayed for units
of plasmin (fibrinolytic) activity. The total
fibrinolytic activity of the dry products was
assumed to be plasmin activity, since the plas-
min was precipitated twice at pH 5.5 and
trypsin was very soluble at this pH. Total
nitrogen of the samples was determined by
the micro-Kjeldahl method (28).

Results. The activation of crude plasmino-
gen to plasmin was followed by the fibrinolytic
assay method over a period of time to obtain
the maximum increase in activity. This in-
crease was recorded as plasmin activity. Such
a method has been used previously by other
workers who activated human, dog, and bovine
plasminogen with trypsin(8,12,16). Although
the fibrinolytic assay method does not dis-
tinguish between trypsin and plasmin, the in-
creased fibrinolytic activity observed is most
easily explained by attributing it to the tryp-
sin activation of crude plasminogen.

In our activation studies, trypsin caused
activation of crude bovine plasminogen as re-
ported previously(12,16). However, data
(Table I) show that sufficient trypsin must be
present to overcome the trypsin inhibitor in
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TABLE I. Activation of Crude Bovine Plasmino-
gen by Trypsin.
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* After chloroform treatment of erude plasmino-
gen solution.
t Due to trypsin activator.

the crude plasminogen, or plasmin will not be
produced. Jacobsson(19) observed a similar
trypsin inhibitor in his studies with human
plasminogen. Our data show that if sufficient
trypsin is present to cause maximum activa-
tion, increased trypsin decreases the time for
the conversion; the data suggest that trypsin
functions enzymatically in this conversion.
With excessive levels of trypsin, the increase
in plasmin activity is not observed (Table I).
In these cases the conversion may be so rapid
that the zero time activity measurement in-
cludes both trypsin and plasmin activity.

If the solution of crude plasminogen is first
treated with chloroform, the amount of tryp-
sin required for maximum activatien is re-
duced (Table I). Thus, either chloroform or
excess trypsin eliminates the blocking effect
of trypsin inhibitor in the crude plasminogen.
Since trypsin activation was more efficient
with the chloroform-treated crude plasmino-
gen solution, this solution was used as the
substrate in the testing of other proteases as
activators. The proteases tested (chymotryp-
sin, ficin, pancreatin, papain, and partially
purified bovine plasmin) were used in amounts
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TABLE II. Activation of Crude Bovine Plasminogen by Various Aetivators.

Zero time ac-
tivity! (fibrin-
olytic units/ml
crude plasmin-

Cone. (mg/ml
crude plasmin-

Time to max

Plasmin pro-
duced (in-
creased units,”
ml erude plas-
minogen sol.)

Activatort ogen sol.) ogen sol.) activation (hr) (hr)
Chloroform Saturated 0 100-120 19
Trypsin 1.0 17.3 6 88
Trypsin a1 2.5 6 62
Chymotrypsin q# 3.0 — 0 (6)
Fiein 1.0* 1.0 — 0 (6)
Panecreatin 5.0* 1.5 1 55
Papain 5.0% 1.0 — 0 (6)
Plasmin 25.0*% 1.0 48 16

(chloroform activated)

* After chloroform treatment of erude plasminogen solution.

I Source of activator: Chloroform—*‘Baker Analyzed’’ Reagent. Trypsin—Armour crys-
tallized trypsin of bovine origin, not more than 50% MgSO, Chymotrypsin—Crystallized 3
times. We wish to thank Mr. H. N. Wood and Dr. A. K. Balls for this preparation. Ficin—
Bios Laboratory, Inc. Pancreatin—U.S.P. Nutritional Biochemicals Corp. Papain—Nutri-
tional Biochemicals Corp. Plasmin—Prepared in the laboratory using chloroform aectivation.

1 Due to enzyme activator.

which had approximately the same fibrinolytic
activity per ml of chloroform-treated crude
plasminogen solution (at zero time) as 0.1
mg of trypsin. When tested over a period of
time, fibrinolytic (plasmin) activity increased
when trypsin, pancreatin, or partially purified
plasmin were used as activators, but didnot
increase when chymotrypsin, ficin, and papain
were used (Table II). Chloroform alone was
tested on this lot of crude plasminogen and
produced approximately the same increased
level of plasmin activity (19 units/ml) as did
partially purified bovine plasmin (16 units/
ml). Trypsin was the best activator tested.

The data in Tables I and II were obtained
by similar methods, but are not directly com-
parable since different lots of crude plasmino-
gen were used. Separate portions of a third
lot of crude bovine plasminogen were activ-
ated by trypsin alone, trypsin following chlor-
oform treatment, and chloroform treatment
alone. In all cases the activation was fol-
lowed to maximum activity, at which time the
active plasmin was purified by isoelectric pre-
cipitation at pH 5.5, and lyophilized as de-
scribed under Metkhods. The trypsin used for
activation of plasminogen was very soluble
at pH 5.5.

The lyophilized products were compared on
the basis of purity and yield. The data in
Table IIT show that the plasmin activity per

mg of nitrogen, and the plasmin vield per liter
of serum were higher with both types of tryp-
sin activation than with chloroform activation.
It is interesting to note that the differences.
between chloroform-trypsin and trypsin ac-
tivation are apparent in the crude solutions
(Tables I and II) but are not apparent in
the lyophilized plasmins (Table III).

When plasmin was lyophilized from phos-
phate buffer, pH 7.5, the dry preparations re-
tained all of their activity when stored for 2
weeks in a dessicator in vacwo at —20°C.
When stored at room temperature for 2 weeks.
in a screw-top bottle, however, only one-third
of the plasmin activity was retained.

Summary. Crude bovine plasminogen was
activated to plasmin by trypsin, by chloroform
treatment which allowed an autocatalytic type
activation, or by chloroform treatment fol-
lowed by rapid activation with a low level of
trypsin. Since the last method was an efficient
one, other proteases were tried in the place of
trypsin. Pancreatin and partially purified
bovine plasmin also activated crude plasmino-
gen but chymotrypsin, ficin, and papain did
not. Trypsin was the best activator of the
series tested. Partially purified plasmins ac-
tivated by trypsin, chloroform, or chloroform-
trypsin were lyophilized and compared with:
one another. The plasmins prepared by tryp-
sin activation appeared to be more potent
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TABLE III. Comparison of Dry Bovine Plasmins Prepared with Different Activators.

Trypsin cone.
(mg/ml erude Activity of Yield of plas-
plasminogen Time to max plasmint mint (units/1
Activator sol.) activation (hr)  (units/mg N) serum)
Trypsin 1.0 LA 5.0 1390
1.0 1% 5.5 1500
8 1% 5.5 1340
Trypsin®* 4 % 4.5 1510
4 % 5.0 1640
2 EA 6.0 2310
Chloroform 0 300 8 230
.0 194 .6 225
.0 194 9 320

* After chloroform treatment of crude plasminogen solution.
t After separation from trypsin by ppt 2 times at pH 5.5.

than those prepared by chloroform activation
alone.

The authors wish to acknowledge the assistance of
Mrs. Shirley A. Duffy in conducting these experi-
ments.
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