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I INTRODUCTION AND HISTORICAL REVIEW

The fibrinelytic property of bleood was first noted by
Déstre(!) in 1893 when he deseribed the liquefaction of a
fibrin elot after it stood in serum for 18 hours. Hedin (17)
observed that the esuglobulin fraction of plasma possessed the
blood's proteolytie property. The addition of mﬁﬂg to serum
was demonstrated by Delezemnne and Pozerski (1903), to activate
a proteolytic enzyme, and Tagnon (9) demonstrated that this
ehloroform-activated enzyme was similarly present in the ageid-
insoluble euglobulin fraction of blood.  Tillet and Garner (37)
found that bacteria-free filtrates of cultures of beta-hemolytic
streptococecl contained a water soluble substance whiph could not
" be dlalyzed snd which aided rapid lysls of plasma or fibrin
clots. This fibrinolytlc preperty was found by Milstone (24)
to depend en the presence of a "lytic factor" (i.e., plasmine-
gen) in the euglobulin fraction of plasma. Plasminogen has
been shown to be deficient in the plasmas of the bovine (12,15)
and rabbit (39) species and it has been demonstrated that
streptococcal fibrinolysis will occur only in the presence of
this plasma component (24). Remmert and Cohen (30) found that
plasminogen has a pronounced tendency to precilpitate with other
proteins, and this results in its distribution into the various
blood fractions. GConsequently, bovine fibrinogen and bovine
thrombin are used in determining plasminogen activities’to pre-
vent incorrect fibrinolytlec assays due to plasminogen contamina-

tion of a fibrinogen preparation. Christensen (5) reported that

i _ _ _
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in the presence of the active enzyme (i.e., plasmin}), both the
plasminegen and plasmin are destroyed. Remmert and Cohen (30)
and others, therefore, did net attempt éo purify the active
- serum protease, as they suspected it would prove unstable.
Kaulla (22) however, reported that "acid plasmin', capable of
liquefying a clot from human plasma in a few hours, 1s stable in
the powdered form for menths, but that its solutions rapidly lose
thelr activity at room temperature. Plasminogen aetivity was
reported to be completely destroyed by heating for 3 minutes in
80°C. water bath(33). | |

Kaplan (21), Christensen and MacLeed (35) and Ratnoff (27)
found that QPe same plasma fraction contains the "lytie Ffactor'
and the chleroform-activated proteolytic enzyme, affording
strong evidence that the fibrinelytic jroperty of streptococcal
filtrates was identical with the chloreform-activated enzyme,
Kaplan (20) suggests that the kinase reaction may be regarded
as analegous to the transformatlion of trypsinogen to trypsin
via enterokinase. Another hﬁpothesis for explaining the mech-
anism of activation 1s the dissocilatlon of a compound anala-
gous to the trypsin:trypsin-inhlbitor complex in a strong acid
medium. In fact, Kaulla (22) suggests that in his "acid-plas-
min fractien, precipitated from an emglobulin solution at
pH=1% 1.2 via ice-cold acebtone, "the inhibltory compound has a
relatively lew molecular welight and probably remains in solu-
tion during the precipitation with acetone."™ Loomls, George
and Ryder (23) found that plasmin "is an euglobulin-water in-

seluble, saline soluble mon-dialyzable protein enzyme. Its



iii

point of minimum solubility is near pH=5.5." These same authors
also observed that thrombin is immune to the proteelytic action

of plasmin, and that while plasmin destroys fibinegen and fibrin
- it does mot clet fibrinogen. It was also found (32) that plas-

min 1is able to digest prothrombin.

Plasminogen activation vlia the streptoeoccal. exotoxin (i.e.,
streptokinase) occﬁrs almost instantaneously (2,21), [i.e., clet .
‘1lysis time = 6 minutes (15[], but the same activation reaction
employing staphylococcal filtrates 1s considerably slower, com-
plete lysis occurring in 3 hours (15). Tillet and Garner (38)
proved that the streptococcal factor (i.e., streptokinase) does
not act as a proteolytic enzyme by itself, but merely serves as
a kinase activator for the plasma precursor. Simllarly, the
staphylococoalrfactor is not a proteasebin its own right (15).

It appears evident that fibrinolysis via the addition to serum
V@f either chloroform, strepto~- or staphylokinase occurs through
the activation of the same serum fractlon, namely, plasminogen;
the difference in clot lysis time in the presenoe of a particular
kinase, probably due elither to a difference in the time required
for activation or to incomplete activation, may Indicate a
difference 1ln the éctivatien mechanlism for the respective acti-
vators.

Goodpasture(1l6) suggested that rapid fibrinolysis in patients
with liver dlsease was due te a decrease in the concentratioﬁ-oﬁ
an inhibitor ef plasma proteolytic enzyme rather than an excess
of the enzyme itself. The addition of normel plasma to patients

with atrophic cirrhosis prevented rapid clot lysis. The inhib-
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ltery activity of plasma was found to decrease upon incubation
at 37°C., and the clot lysis time was Found to be related %o
the deterioration of the unstable inhibitor (28). Ratnoff (28)
also found that in patients whose clots lysed rapidly, the inr
hibitory activity of the plasma, serum or albumin reached =a
minimum more rapidly than normally, but that after fibrinolysis,
little or no further decrease in the amount of the inhibitor pre-
sent occurred; however, the inhibition wds not completely de-
stroyed. In this maﬁner the clot 1ysis time has been correlated
with the decrease in inhibltory activity against the activated
enzyme. Fibrinolytic activity has been seen in patients with
liver dlseases, in toxaemiaief pregnancy, in shock, in violent
déaﬁh,vduring surglcal operations and in the course of resorption
of thrombin (22). The rapid digestion of fibrinogen in vivo may
lead to fallure of the hemostatic mechanism (35).

Christensen ( 3,4) and Christensen and MacLeod (5) ascer-
tain that plasmin 1s not identical with trypsin. They found
that plasmin is distinct from trypsin In its pH of optimum
activity, its reactlions with specific protease.inhibitors and
in its reactions on a caseln subhstrate; in the latter experiments
it was demonstrated that trypsin can continue the hydrolysis of
casein after hydrolysis by plasmin is complete, Kaplan (20) re-
viewed the literature pertaining to a comparison of the propér-
ties of plasmin and trypsin; this author demonstrated that the
two enzymes were not idemntical. The evidence for this conclu-

- 8ion was based on the distinct specificities of thelr kinases;

i.e., strepto-or staphylokinase and "enterokinase respectively.

The respective kinases were found to be highly specific. Also,
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the anfibodies to~plasmin‘were found ineffective on énter@kinase,
Plasminogen cannot be assayed directly, bubt must first be
activated into plasmin. The plasminogen may be activated via
several methods. Christensen (3, 4) prepared serum fractions by
'dilution and acidification to pH 5.3 and by 1/3 saturation with
(NH4), S04 and found them to develop pr@teolytic activity without
the addition of kinase or chloroform after a varlable period of
aging in the cold, when the inhibitor content is low. Incuba-
tion also causes.activation (35). thorofofm or ether treat-
ment presumably abolishes the activity of the inhibitor‘and
actifation of plasminogen takes place (35), pfesumably by aunteo-
catalysis (3). Strepto- or staphylokinase activaéion, however,
occurs in a matter of minutes (12, 3) even in the presence of
plasmin inhibitor (35). Schmitz (31) obtained activation by
treatment with trichlorocacetic acid. Most signifioanbly} how-
ever, Astrup and Permin (1,2) reported that agueous extracts of
cerfain tissues are able to activate plasminogen into plasmin.
These authors found fibrinokinase (the tissue extract) from
- pig's heart to be inactive on chicken fibrinogen and flbrin.,
| Upon incubating the pig fibrinokinase with ox pro-enzyme, the
solution exhibited lytic activity on the chicken fibrin. The
gpecificity and kinase éotivity of the tissue ektract on a
blood fibrinolytic enzyme was thus damohstrated."These anthors
also demonstrated that ox serum contains only ané pro-enzyme
which 1s activated by means of_fibrinokinase,‘While human
plasma possesses two pro-enzymes, one of which is activated by

fibrinokinase and the other by streptokinase. Tagnon and

Palade (35) found a fraction obtained by differential centri-




fugation from a suspension of rat lung tissue to be able te

activate plasminogen into plasmin. These authors suggest
that the activation is a kinase acting on the substrate plas-
minogen to transform it into plasmin.

Plasminogen has been lsolated and partially purified by a
variety of procedureé. Low temﬁeratuﬁe ethanol~-water mixtures
(6) and alting out via (NH,), SO4 and Na.SOj (35), though re-
sulting in the dispersal of plasminogen into several fractions
(30) have been employed. The Remmert and Cohen (30) procedures
.and others utilize dialysis followed by 1lsoelectric precipita-
tion at several ionic strengths and adsorption and elution
from kaolin. Remmert and Cohen (30} assert ﬁurificétion of
plasminogen by a factor of 136 to 165 compared to the original
human serum. Schmitz (31) has employed trichloroacetic adid in
fractionation procedures as well as adsorption on Ca-fibrin.
Remmert and Cohen SSC) present an analysis of several of these
procedures. » |

Shinowara (33) and Milstoﬁe (24) reviewed geveral of the
methods empleyedlin agsaying plasminogen activity. Among those
‘1isted are the following: (a’ the liquefaction of a fibrin
clot (24); (b) the hydrolyéis of casein as measured by either
an assay of the acid soluble tyrosine and/or nitrogen produced
or, an assay of the preclipitatable protein performed turbidimet-
rically before and after digestion (26, 27, 28); (c¢) the alter-
ation of fibrinogen as measured by the Increased clotting time
.Wiﬁh thrombin (12) (il.e., "fibrinogenolysis"); (d) the hydrolysis

of hemoglobin and also (e) an assay of the change in gelatin

viscosity as determined via a decrease in efflux time. Remmert
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and Cohen (30) tested the activities of plasmin samples against
casein and £ibrin clots. These authors obtained considerable
caselnolysis and found that the two plasminogen preparations
empleyed, though differing in purity by a factor of 17.6, exhib-
ited the same ratio of activities teoward the casein and fibrin.
They suggest that human serum contains only omne préteolytig
enzyme activated by streptokinase. Shinowara (33), however,
suggests that "the liquefaction of a fibrin clot, the altera=-
tion of fibrinogen as measured Ey clotting time with thrombin,
the change in gelatin viscosity, and the lncrease in acld sol-
uble nitrogen are not representative of an identical enzyme
system.ﬁ Remmert and Cohen (30) foﬁnd that the plasma of human
serum does not hydrolyze hippur&midé.

Walker, Derow and Schaffer (40) have reviewed the litera-
ture pertaining to t he coagulative alding property of filtrates
of staphylococci. In an earlier paper (41) these same authors
titrated coagulase activity by a serial dilution procedure in
which-0.5 ml_of each dilution was mixed wiﬁh an equal wvolume
of fresh, sterile human plasma. .Staphylocoagulation is produced
by a bacterial produgt, prostaphylocoégulase, plus a plasma co-
factor other than prothrombin (15). The term staphylokinase is re-
served for the second factor which acts like streptokinase (15).
Gengou (14) found Staphylocoagulase extremely resistant to ther-
mal inactivation. Walker, Schaffer and Derow (41) confirmed the
complete destruction of coagulase activity by trypsin or pep-
sin, and also verified its stability when heated. ( 120°C. does

not abolish the coagulase activity). However, Gerheim, Ferguson
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et al (15) demonstrated the separability of the coagulative and
lytic ailding properties associated with staphylococci by virtue
of the fact that incubation at 75°C. for 2 hours resulted in a
complete loss of coagulase activity whlile the lysis time of the
preparation was 1ittle altered. These authors proposed'the term
"staphylocoagulase" for the actiVe coagulant and "prostaphylo-
coagulase"” for the bacterial product. '

From a teleological point of view, two hypotheses have
recently been offered to explain the presence of a potentially
active fibrinolytic enzyme in plasma. Nolf (25) suggested
that proteolysis is an essential step in the clotting of blood
and the observation that pancreatic trypsin clotted oxalated plas-
ma (8) seemed to sﬁpportﬁhis theory. However, the proteolytic
enzyme prepared from plasma which was deficient in the known
clot-promoting substances did not possess such thromboplastic
activity (29). It is therefore apparent that the clot-promot-
ing property 1is not related to the presence of the plasminogen
or plasmin, but is rather a function of the clot-promoting sub-
stances fractionated with it from the plasma.

The second hypothesis deals with the physiological activa-
tion of plasminogen in the organism and is discussed by Tagnon,
Davidson and Taylor (36) and by Ratnoff, Hartman and Conley (29).
Tagnon and Palade (35) suggest that the tissue activator may
provide the mechanlism by which blood clots formed in tissues are
eventually resorbed. Some tissues ( l.e., liver tissue) are

deficient in the activator (35).

Nomenclature ( 27, 5, 10, 23, 30)

The fibrinolytic enzyme of plasma or serum has been called
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plasma protease, tryptase, trypsin, fibrinolysih; plasmin or
proteinase. The term,"plasmiﬁ" will be used throughout. The
precursor ot this enzyme has been variously termed plasminogen,
tryptogen or profibrinolysin; "plasminogen" will be used here.
The activdting principle obtained from beta-hemolytic strepto-
cocel and originaily called fibrinolysin will be termed "strept-
okinaseg similarly, the staphyloooccal activator wlll be desig-
nated "staphylokinase'. The precursor, when activated by either
chloroform, strepto- or staphylokinase, or via spontaneous ac-
tion will be designated as "plasmin" as the active principle in
each instance is thought to be identical. The term "enzyme" as
used in this paper will mean the crude, partially fractionated
enzyme preparation, and not é single purified substance. Anti-
fibrinolysin or antiplasmin is the naturally occurring plasma
or serum fraction that inhibits the activity of plasmin.

~ Assays
Unit of fibrinolytic activity: Since there is no set unit

for plasmin activity (23), one was defined here as follows:
one unlilt of fibrinolytic activity is the highest dilution of
the staphylococcal preparation which will completely lyse a
£ibrin clot (prepared via .%Z ml of a bovine fibrinogen,
Fraction I, solution containing .44 gms/100ml q. s. 1.5ml

to which 2 drops of a bovine thrombine solution are added) at
37°C. in 3 hours in.a .1M phosphate - .9% NaCl buffer, pH="7.4.

Unit of caseinolytic activity: Caseinolytic activity was

expressed as mg of tyrosine liberated after a omne hour incuba-
tion perlod at 37°C. due to the plasmin activity in a 0.7 %

casein solution. The plasminogen was initlally compléﬁely activ-
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ated by the preliminary incubation of the plasminogen with its

kinase at 37°C. for 1 1/2 to 2 hours.



IT Statement of the FProblem

The principal objects of this study are to verify methods
for the purification of plasminogen via fractionation from horse
serum and to determine plasmin activity on casein and fibrin
substrates in order to ascertain the relationship between the
two activities. A comparison between a procedure ylelding the
inactive proteolytic precursor [}.e., Remmert and CGohen (SOLL
and the active "acid-plasmin" [Khulla (22{}13 performed. The
kinase employed in all assays was prepared from a culture of

staphylococecus aureus.
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ITT Materials amd their Preparation

A, Partial burification of plasminogen‘

A 500 ml sample of partially hemolyzed; normal horse
serum, prepared 6/19/50 by the Antitoxin and Vaccine Labora-
‘tory, Boston, Mass., was divided into three portions as
follows:

1: 10-cec fof the preliminary tests; i.e., to determine
t the initial concentratioh and activity of the plasminogen in
the unfractionated horsé serum;

2: 220 cc for the iselation and partial purification of
the fibrinolytic precursor, plasminogen, via the procedure of
Remmert and Cohen (30), and finally

3: a 220 cc aliquot for the preparation of "acid—plasminﬁ
as suggested by Kaulla (22) and saild to be the active principle
1solated from its serum iphibitors. The prooedureé numbered 1
and 2 above will.be fouﬁd outlined in figures la and 1b respect-
ively.

At every point inreiﬁher case where the discarding of a
supernatant fraction is designated, the éolution or mixture, as
the case may be, was pléced in the refrigerator for 48 hours.

At the end of thls period, Whidh.was to allow for complete pre-
cipitation, the pH was rechecked and readjusted if necessary,

and the precipitate obtained upon éentrifugatioﬁ combined with

the fraction obtained 48 hours earlier from the same mother liguor.

A11 preparations of plasminogen and its bacterial exotoxin-
activator, staphylokinaéé,were kept in the refrigerator when not

in use, and all tests were prepared and conducted at boom temper-

ature except where otherwise stated.
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B Partial Purification of Staphylokinase via Method of Blau-
stein (pre-doctoral work)

Plasminogen in blood plasma, serum or in partiaily purli-
fied fractions camnot be assayed directly but must first be
activated into plasmin. Streptokinase, kindly prepared by
Dr. Weinstein of the Haynes Memorial Hospital, Boston, Mass.,
was used in the preliminary activation tests, as complete
activity via this kinase is practically instantaneous and com-
Plete lysis occurs within a six minute inecubation period (19).
However, thils particular preparation proved inactive (also, it
was highly insoluble), and consequently the slower acting
staphylokinase was prepared to serve as adtivator in all the
experimenfs. The staphylokinase is‘slower acting than the
streptococeus exotoxin, but it does produce complete clot 1y-
sis in three hours (19).

A stock culture of Staphylococcus aunreus was obtéined
through the courtesy of E. Blaustein (pre-doctoral candidate
at the Boston University Graduate School of Bacteriology), and
the kinase was partially purified via the procedure he employed
in his pre-doctoral studies(unpublished); the culture medlia con-
sisted of 15 gms. casamino acids and 5 gms. yeast extract in one
1iter of distilled water and the mixture adjusted to pH=7.8.
The method of preparation is outlined in fig. 2 below. The
final fraction, brown in color, was dissolved in .1M POf- .9%
NaCGl buffer, pH=7.4,'l/10 the volume of the culbture filtrate.
It was not wholly soluble, but it did produce a fairly uniform
mixture when thoroughly shaken before use, and it proved quite

aetive on a sample of human plasma known to contain plasminogen.
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C Preparation of Substrates

1l.6asein
a. Preparation

ﬁnhomogeniz.ed milk was centrifuged, and the fatty layer was
discarded. The remalning fraction was adjusted to pH=4.7 with
dil. H Cl and the casein precipitate allowed to settle. After
decantation of the supernantant, the precipitate was dissolved
several times In water to which dil. NaOH was added and reprecip-
itated by the addition of. dil. HCl. The caseln preclpitate was
next filtered, washed several times with water and then suspended
and stirred in 95% ethyl alecohol. This mixture was again filtered,
and the caselin pressed between filter papers to remove the alco=
hol and water. The casein was next suspended in ethyl ether and
stirred and heated over a water bath. The ether-caseln mixture
was agaln filtered and allowed to dry ina ir.

For use, the purified casein was dissolved in .IMPOS- .9%
NaCl buffer, pH=7.4, and the eﬁtire solution adjusted to pH=7.4
with d4il. NaOH. The solution was then heated 15 min. In a boil-
ing water bath, flltered and the pH readjusted to 7.4. A micro-
Kjeldahl~Nesslerization determination was next performed oﬁ
one ml of a l1ml gq.8 35 nl and a 1 g. 8. 50 dilution of the
solution, and the latter was subsequently diluted to obtain
approximately a «9 to 1% casein solution. All readings were made
atd = 515.
Stock standard of (NH,), SOy =  JA™E/ml

blank v{]__ml distilled water+.5cc digestion mixture+ l5cc I\Tessler"gj
d. 8. 50 mlse distilled water



standard =[L m1 containing .1™ N/ml+.5cc digestion mixturet
15¢cc Nesgsler's] g.s. 50 mls g distilled water

easein ({1 ml of 1 g. s. 35 dilution +.5ml digestion
solutions® misture+ 15m1 Nessler's]g. s. 50 mlgdistilled water

(L1 ml of 1 g. 8. 50 dilution + .5 ml digestlon
mixture + 15ml Nessler's]q. s. 50 mlg distilled

'wat er
Results
4 =515
reading of blank = 100% Transmittance
reading of standard (.I"N/ml) = 76.5% T

reading of 1/35 dilution of casein sol:52.0% T
reading of 1/50 dil. of casein sol. =68.5% T

reading of stand. 4 mg N/ml in stend.*dil.=mg N present in
reading of unknown casein solution

76.5 ’
52.0X .1x35 = 5.3~

' 76.5

§8.5 *

.1x35 = 5.5
ave= 5.4 mg N/ml in 185 ml of casein sol.

185 ml X 5.4 mg N/ml= 999 mg N= .999 gms N in 185 ml of casein sol.

no. of gms of casein present=1* 100
16.4 © 6,1 gms. of casein in
185 mls of solution
(6.1 gms of casein) g. s. 650 ml—>.94% casein

1b. Preparation of ftyrosine calibration curve

A tyrosine stock standard in 0.1 N HCl and containing
1 mg/ml was diluted as indicated below (fig. 3) with 0.1 N HCI.
A 1ml aliquot of each dilution in a Coleman Jr. Spectrophoto-
meter tube was treated with 6ml clear‘12.5% Né.mcob and 1 ml
of the prepared Folin-Ciocalteu reagent diluted 1:2 and the
resulting solution incubated for 10 to 15 mlnutes at 37°G. for

complete color development. These tubes were read against a




blank set at 100% T containing 1 ml 0.1 N HCL,

and 1 ml of the phenol rea

%pectroﬁhotometer.

gent at A=650 in the Coleman Jdr.

Fig. 3 Proparation of & Tyrosine Calibration Curve

Stock standard=1 mg tyrosine
ml

Dilution of
stock standard

4 tyrosine/ml

Reading

1:15'.'..’....‘.
32T nrenerennes
1218‘000'000;0:.
1:19....‘.'../'.'
l:24:~o.oooc:~...
1320 ceeseencovss
1:30.cccessnscse
1:54.’..".’..QO
1:35........'0..
1239 cecssssevesns
52295 .0ercenne
584,500 c0cones
95:559500-000.00
.5:5915.....-003

.5: 49.5....0.0.'

05:990500v¢00000

7104..0-..0'00-
66;70.......w¢0
527 cecocssoccss
5060cccccsovsss
40000;-~0-.o.ov
53-500..0000.00
32200 csacnesee
27tloncovooof'o
27 e8ccecovvescs
250000..-.0.00.
16.6.00.0-000-.
14&5300.900'000
13.Qcsvssovcsse
12;50.o0¢0..00‘
lOOOQOOOOOOOOQQ

5&00"0"0I00'0

15.0
22.5
27.7
32.95
41.0
42.5
49,0
49.5
50.0
63.0
67.5
8.5 to 69.0
69.5 to 70.0
72.5 0 73.5
84.0 to 85.5

6 ml 12.5% Na,COa
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2. Fibrin CGlot
a. Plbrinogen

220 mg of bovine fiﬁrinogen, fraction I, was
dissolved in .85% NaCl. The fibrinogen was brought under a high
vecuum and.50 ml of .85% saline were introduced via a 50cc sy-
ringe. This procedure was necessary as tﬁe fibrinogen is not
readily soluble at atmospherlc pressure.

b. Thrombin

Powdered bovine topical thrombin concéntrate,

diluted just before use with isotonic saline and containing

1000 N.I.H. units per ml was used. Two to three drops were used

to produce a solid clot.




IV Procedure and Tabulation of Results

A, Caselnolysis

1. Introduction

The hydrolysis of caseln was measured by the
liberatidn of ﬁyrosine and determined colormetrically by the
_method of Folin and Ciocalteu (13). The procedures employed
were modified from Shinowara (33), Remmert and Cohen (30),
Fergusen‘and Lewis (11), Heidelberger and MacPherson (18)
and Ratnoff (28). The plasminogen was incubated with a pre-
determined excess of the staphylokinase for 1 1/2 to 2 hours at
37°'C. for the complete activation of the lytic factor, At the
end of thils period the .9% to 1% casein solution was added and
five minutes from the time of this/addition, a 2 ml aliquot was
withdrawn and the hydrolysis stopped by‘the precipitation of the
protein in 2 ml 10% trichlorocacetic acid. Hiller and Van Slyke
(19) found that increasing the conoentrétian of trichloroacetlc
acid increases the precipitation of non-protein nitrogen com-
pounds. The untreated solutlon was placed in the incubator at
37°C. for a 60-minute period, while the precipitated aliquot,
whose time of withdrawal was recorded as "zero minutes", was
placed in the frigerator for 20 to 30 minutes, for the complete
precipitation of the casein. The casein was next removed via
filtration through Whatman folded filter papers #12, and a 1 ml
aliqnot of the digestion'filtrate was placed in a Coleman Junior
Sbectrophotometef cuvette~containiﬁg 1 ml 5% trichloroacetic
acid. These tubes were allowed to stand till the "60-minute”

allquots were similarly prepared.
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At the eﬁd of the one hour incubation at 5790;, a second
2 ml aliquot was withdrawn and pipetted into 2 mls of 10% tri-
chloroacetic acid and treated in the seme manner as the "zero
minute" alilquot above. With the two sets of tubes all prepared,
6 ml of 12.5% Na, GO;and 1 ml of the Folin-Ciocalteu reagent
(d1luted 1:2) respectively were added to each tube and the color
value of the digestion filtrate was then fead at4= 650 in terms
of mgms. of pure tyrosine as determined from the calibration
curve in figure 3.

Two conbrol tubes were simultaneously run with each set of
determinations. The necessity for two controls was demonstrated
by Shinowara (33). One control cqntained the 4 ml1 of the casein
solution and the second contained the kinase and plasminogen;
both were diluted up to volume with PO4 - saline buffer, pH=7.4.
The enzymatic activity in all runs was expressed as mg of tyro-
sine liberated per digestion mixture by stibstrating the amounts
found in the enzyme and substrate controls from that found in
the enzyme-substrate mixture (33). The zero minute result thus
obtained subtracted from the 60-minute run would then indicate
the proteolytic activity exﬁibitéd by the "plasmin® preparation
upon the casein substrate. |

2. Procedurse
The fifst caseinolysis experiment was performed on
a sample of the unfractionated horse serum to determine its
initial proteolytic activity. Three control and three test

runs were performed simultaneously in a series of Wasserman

tubes as follows: Control # 1 initially conbained .3 ml of




3

the .9 to 1% casein solution, 1.0 il POy -saline buffer_[pHv-'?.é_:j,
but neither staphylokinase nor plasminogen was added --this
control allowed for the determination of the hydrolysis of the
casein solution during the one hour incubation test period;
Control #2 initially contained 4.6 ml of the buffer, .2 ml of
the unfractionated serum (source of the plasminogen) and .2 ml
of the kinase~-the hydrolysis products of the kinase and the
serum protein during the one-hour Incubation may now be determined.
The third and final control tube contained the casein and the
plasminogen source but no kinase was added, in order tﬁdetermine
- any caéeinolytic activity due to the spontaneous activation |of
the plasmihogen ( in the absence of any activator).
The thrée test runs were simultaneously prepared as follows:
the first and second Wasserman tubes contained .3 ml of the
casein solution, .6 ml buffer followed by.2 ml horse serum
(plasminogen source) and .2 ml staphylokinase. In or@er to |de~
termine 1f the .2 ml of staphylokinase was actually in exceds
of the plasminogen present (to insure complete activation),
the third test run was performed With the sameivolumes of the
caseiﬁ solution and plasminogen source, but with .4 ml of the
kinase and .4 ml of buffer to dilute to volume. The final
volume in all tubes was now 1.3 ml, except for control #2, which
anticipated the fi'na]}volume of 5 mls.
All tubes were simultaneously incubated at 37°G, for 1 1/2
hours to allow for plasminogen activation, and then, but fopn |

control #2, 3.7 ml of the casein solution was added to each.

The volume in each tube was now 5 ml, which meant that the




#plasmin® would be acting in a .7% casein medium.

At the end of five minutes a 2 ml aliquot was withdrawn
from each tube and treated with 2 ml 10% trichloroacetic to |
stop the reaction. The resulting ppt. ‘and its untreated mother

liquor were treated and tested as outlined in fig. 4.
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» Other caseinolysis experiments were similarly performed
with the Remmert and Cohen preparation as the plasminogen -
The results are all shown in figure 5 below.
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These resulbts indilcated that a two-fold increase iIn the

kinage volume added did not result in ény increase in the aeil
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soluble tyrosine produced in a .7% casein medium, thus demongtrat-

ing that the kinase was already present in excess. The case]
olytic activity of the "plasmin", as assayed via the acid-sol
.~ uble tyrosine produced after a 1 1/2 to 2 hour preliminary ag
vation period with its kinase followed by a one hour test pe:
of "plasmin" proteolytic activity in a .7% casein medium, hai
been demonstrated.
the plasminogen source (Remmert and CGohen prep.) or both wer
‘inactive may Be_ruled out, as these same preparations were 1
demonstrated to completely lyse fibrin clots in from 3 to 4 ]
The spontaneous activation of plasminogen in C # 3 cannot be
onstrated either. This lack of ”plasmin“-caseinolytic activ
ity when contrasted with its potent fibrinolytic activity se

to indicate that the two processes are not due to the same e;

zyme activity.

B. Fibrinolysis

The methods employed for the demonstration of fibri]
olysis were slightly modified from Milstone (24).
1. Methods, Procedure and Tabulation of Results

The fibrin clots were prepared in Wasserman tube
via .2 ml of the bovine fibrinogen solution to which was add
2 drops of a bovine thrombin concentrate containing 1000 N.T]
units per ml. The plasminogen and fibrinogen were added to .

of the staphylokinase prepared 1n serial dilution before thse

The possibility that either the kinase or
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7.

formation of the clot (i.e., before the addition of the thrombin
fraction). The Wasserman ftubes were thoroughly shakeﬁ, the
thrombinconcentrate added and the time of clot formation ( a few
seconds) noted. The time of fibrinolysis was recorded as the
time from initial clot formation to that of complete clot lysis
'as noted by the complete ligquefaction of the clotuig-klysiéj.
The plasminogen éreparations i1ged, the volumes added, the
order of the addition and the results are-tabulated in figures
5 and 6 below. The degree of clot lysis is recorded as follows:

(1) [+ - sliding clot;
(2) [red =1/2 tube liquid;
(3) pr++1 =tiny floating;
(4) L+ ++] =no visgible clot. i

Filg. 5 Method for fibrinolytic determinations using four plasmin-
ogen gources activated via the same staphyloklinase pre-

paration. : {

).
a) horse serum . b) human plasma

-5 ml staphlykinase..serial dil.: +5 ml staphylokinase.....

.2 ml horse serum ; serial dil.

«6 ml POy-saline buffer,pH=7.4 . <2 ml human plasma

<2 ml bovine fibrinogen . [#.2+.6]=.8 ml PO{-saline buffer
220 mg bovine '
fraction I?50 ml 2 to 3 drops thrombin |
.85% NaCl , _

2 to 3 drops bovine topical #The further addition of fibrin-

ﬁhrcmbin...lOOO NIH units/ml ‘ogen is unnecessary, as human

plasma is used here.

i s et S ks e

T B e A st e e ot 175 AN TS o A g s s 78 e S e o e —

¢) Remmert and Cohen d) Kaulla (ppt. from pH-G)

.5 ml staphylokinase... - .5 ml staphylokinase
serial dil. .2 ml Kaulla(a partial
.2 ml Remmert and Cohen prep. suspension)
.6 ml PO?—saline buffer, pH=7.4 «6 ml P0¢saline buffer,
.2 ml bovine fibrinogen pH=7.4
2 to 3 drops thrombin : .2 ml bovine fibrinogen,
; ' fraction I
; 2 to 3 dr0ps thrombin

411 dilution made with .1M POy .9% saline buffer, PH =7 .4
Final volume in all fibrinolysis determinations is 1.5 m.1l
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2. Fibrinolztic‘activity of a fraction precipitated at:
ph=5 from Kaulla procedure

One fraction precipitated at pH=5 in Kaulla (22) was
not discarded, as caliedvforf%he original procedure, but was
dried in a dessicator and set aside in the cold at -4'C. %o
-6”6. Since the final aétive fraction was precipitated from the
supernatant layeb of the fraction precipitated above, and es- .
pecially since this active fraction was obtained at pH=6 ( a
difference of but one pH unit and yet the separation of an
aotive.from an inactive fraction), it was felt advisable to test
the fibrinolybtic activity of both fractions.
| The fraction obtained at pH=5 was taken up in 1/10 volume
buffer, pH:7.4 (20 to 22 mls), and its fibrinolytic activity
tested in duplicate. The same staphylokinase preparation‘in the
identical dilutions used previously and the same volumes of
buffer; thrombin and fibrinogen from the prepared stock solutions/*~“
used previously were employed. The onlj new factor introduced |
was t he plasminogen source. In one set of tubes no clots
appeared upon the addition of thrombin, while in the duplicate.a
s01id clot formed in dilutions up to 1:4 of the kinase, while
at the higher dilutions of the kinase, sliding clots and 1/2
liquefied clots appeared and at the highest dilutions used, no
clot formation took place at ail. ‘The tubes were allowed to
stand at room temperature and it was noted that the lysis was
directly proportional to t he kinase conoentrat;ohllof inversely
proportional to kinase dilution]|. At the end ,,o&'? 1 to 1 1/2 hours
all clots were completely liquefied.

As the above were preliminary testsjénd the stock prepar-



ations used (i.e., fibrinbgen, thrombin a nd buffer) were the

same as employed earlier, no controls were run. Gonsequently,.
the only new material introduced was the source of plasminogen.
In an attempt to repeat these results, the identical procedure
was run the following day with the same solutions. The earlier
results could not be duplicated, however, and & second and
third attempt at verification on following days similarly
failed. This would seem to indicate that eilther the first
results were totally incorrect or that the pafticular source
of plasminogen employed was exceedihgly unstable in soiution.
Kaulla (22) found that "acid-plasmin” is very unstable in sol-
ution and is rapidly inactivated.

A possible explanation for the earlier findings would be
the presence of staphylocoagulase in the kinase preparation.
Consequently, a series of Wasserman tubes were set up with the
same kinase In serial dilutions, the identical tuffer, fibrinogen
and plasminogen source, but no thrombin was added to either the
series containing the Kaulla fraction (from pH=5.0 ) or the
Remmert and Cohen preparation. There was no indication of clot
formation in any tubé over a test period of six hours. The ac-
tion of coagulase may therefore be disregarded in the series of
fibrinolytic 5xperiments performed here. Therefore the possib-
ility that the earlier observation (i.e., the higher the con-
centration o f kinase, the longer the clot lysis time) was due
to the higher concentration of coagulases in the tube contain-
ing the higher kinase concentration, may be discarded. These

results also indicate that the staphylokinase may be isolated free

of the staphylocoagulase.
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In the preliminary experiments conducted by Loomis, George
and Ryder (23) it was found that the plasminogen preparations
clotted fibrinogen. Tagnon (34) noted the same activity. How-
ever, later findings (23) showed that the clotting property of
the lytic aiding fraction could be removed by the previous re-~
moval of the prothrombin from the unfractionated plasma by
adsorption on Mg(OH),, ﬁnd oentrifugatidn. In none of the ex-
periments conducted in this paper was there any evidence of
clot formation in.the,presence of either the kinase or plasmin-~-

ogen or both, before the additon of the thrombin concentrats.

No explanation of the earlier findings is offered. However,

two possibilities have been discarded.

3. Fibrinolysis vs. Caseinolysis

a, Methods and Tabulation of Results

The possible relationship between the fibrinolytic
and caselnolytic activities of the most active plasminogen
fraction; i.e., thé Remmert and Cohen preparation, was next
detenmined. The caseinolytic and fibrinolytic experiments
(described previously) were. run simultaneausly (the plasminogen,
kinase and buffer in both determinations were taken from the
same stock preparations). Casein hydrolysis (1. oy as deter—
mined from the acid-~soluble tyrosine assays run after a pre- |
liminary plasminogen-kinase activation period ofﬁ% hours
followed by a l-hour test period) proved to be negligible(fig.Sd)
despite the use of undilutéd kinase. The fibrimﬁlytic tests

(fig. 74), however, demonstrated that -5 ml of the xinage dllu .
ﬁ

ted 1:8 to 1:18 was capable of prOdUGiz]g c]ot leif
, | ﬁléy(i
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a period in which both plasminogen-kinase activation and
fibririolysis had occurred. These findings agree with Shino-
wara (33), who suggested that caseinolytlic and fibrinolytic

activities are not the result of the same enzyme system,
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b. Conclusions

The controls ( fig. 7c) indicate that the assay period
used, i.e., 3 to 4 hours, eliminated possible bacterial contam-
ination from consideration. It was evident that fibrinolysis
took place in all the tubes with activated plasminogen, since the
clots in all these tubes lysed more rapidly than the control
eclots. This demonstration of complete clot lysis but negligible
éaseinolysis (as amsayed via the acidésoluble tyrosine production),
agrees with Shinowara (33), who suggests "that the liquefaction
of a fibrin clot...and the increase in acld soluble nitrogen are

not‘representative of an identical enzyme system."

C. Lack of Demonstrable Coagulase Activity in the Staphylokin-

ase Preparation

The unit of lytiec actifity in all fibrinolytlc assays per-
formed here was defined as the highest dilution of staphylokin-
ase producing complete lysis 4t 1in the respective plasminogen e
preparations; the same staphylokinase preparation was used in
all the assays performed. As the coagulative-aiding property
of staphylococcl would tend toward tight clot formation, the
activity of the lytic aiding fraction might be masked completely
during the four-hour assay period. It would be difficult to

. evaluate the results, as the kinetlics of the coagulative and
lytic aiding propetties of staphylococcl, when both ére present
in unknown oohcentrations during the fibrinolysls assay, has

not been determined. It has been demonstrated that there was

no demonstrable coagulase activity in the previous fibrinolytic




26,

assays. Therefore, tight clots in the presence of plasminogen
and high kinase titers cannot be associated with a corfespond-
ingly high coagulése titer. The previous coagulase tests were
perforhed merely in the presence of the bovine fibrinogen.
Gerheim, Ferguson, et al (15), howevef, concluded that v
staphylocoaguiation is produced by prostaphylocoagulase (the
bacterial extoxin) plus a plasma cofactor other than thrombin.
Gonsequently, further tests were performéd to ascertain the

- effect of the undiluted kinase upon several samples of freshly
prepared human plasma. | | .

Demonstration that the kinase preparation lacks coagulative

aiding activity on human plasma

(The method employed was modified from Walker, Derow and
Schaefer (41%8 _

.5 ml of the staphylokinase preparatibn were added
respectively to six Wasserman test tﬁbes containing .5 ml
of freshly prepéred human plasma. The tubes were then incubated
at 37°C. and checked every 30 seconds for a period of 15 minutes,
and at longer intervals over a period of six hours. Examination
for any longer period would be useless, as the plasminogen-
kinase actiVétion would have lysed the fibrinogen and/or fibrin.

| At no time was there any evidencelof clot formation in any

tube. These f@ndings indicate that it is possible to isolate
the kinage free of the procoagulase. Gerheim, Ferguson et al
(15) demonstrated that the two factors could successfully be

separated by incubation, as the staphlocoagulase is thermo-

labile. It wés shown that incubation at 75°C. for 2 hours
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destroyed all coagulase-aiding properties while the clot lysis
time of the same material was little altered. These findings
indioate‘the separabllity of the coagunlative and lytic aiding
prpperties associated with staphylococei.
V. Summary
Plagminogen fractionated from normal horse serum and acti-

vated by a staphylokinase preparation has been shown to exhibit
congiderable fibrinolytic activity. The material obtained via
a modified Remmert and Cohen procedure possessed considerably
greater activity than the unfractionated serum, but the "acid-
plasmin® obtained from a sample of the same serum via the mod-
ified Kaulla fractionation procedure exhibited negligible, 1if

- any, fibrinolytic activity. TWb is apparent that in the modified
Kaulla procedure employed the active material was either lost
in one of the discarded fractions, or was completely inactivated.
(3,4,5). Neither plasminogen preparafion produced any demon-
strable increase in the acid-soluble tyrosine produced in a
.7% casein solution. Here we are in agreement with Shinowara
(33), in suggesting "that the liquefaction of a fibrin clot...
and the increase in acid-soluble nitrogen are not representative
of an identical enzyme system." The staphylokinase preparation,
used as plasminogen activator throughout, has been shown to be
free of the coagulative~aiding fraction. PFerguson, Travis and
Gerheim (15) previously demonstrated that these two properties
agsociated with staphylococci were distinct by destroying the
wf activity of the staphylocoagulase at 75° C for 2 hours; the
clot lysis time was 1little altered. It has been found that

plasminogen fractionated from horse serum possesses considerable

fibrinolytic but little caseinolytic activity.
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