UNCLASSIFIED

AD NUMBER

AD478345

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution: No Foreign without approval
of Army Medical Research and Development
Command, Department of the Army,
Washington, D. C.

AUTHORITY

USAMRDC ltr., 30 Aug 95

THIS PAGE IS UNCLASSIFIED




A

FINAL REPORT

November I, 1961 - April 30, 1964

S AT T TR P AR B S

478345

T

ARG

R Joseph B. Michaelson

( Applied Biological Sciences Laboratory, Inc.
6320 San Fernando Road
Glendale |, California

iy PR

A SFERIR IR L g E

"INVEST IGATION OF THE MECHANISM OF FIBRINOLYSIS"

Contract No. DA-49-193-#D-2209

Qualified Requestors May Obtain Copies of This Report From
Defense Documentation Center (DDC)

DDCIRA F




ABSTRACT

t. Preparing institution: Applied Biological Sclences Laboratory, Inc.
Glendale, Callfornia

2. Title of Report: "Investigation of the Mechanism of Fibrinolysis"
3. Principal Investigator: Joseph B. Michaeison, Ph.D,
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21 Paces, 7 lltustrations, February 10, I9FF
5. Contract Number: DA-49-193-M>-2209
6. Supported by: U.S. Army Medical Research and Development Command

Department of the Army
Washington 25, D, C.

Investigations of the mechanism of fibrinolysis through evaluations of the role
of enzymes and enzyme inhibitors. Specifically studies were made utiiizing the
enzyme ribonuclease to inhibit the iysis of fibrin clots (bovine and human) by
bovine and/or human plasmin (fibrinolysis).

It has been found that the optimum pH range for effective inhibition of plasmin
by ribonuclease is from 8~9. Increases in temperature were found to increase
plasmin activity but tend to reduce the inhibitory action of ribonuciease on
plasmin activity.

Data obtained indicates that lysis of a fibrin ciot by plasmin occurs in two
steps: (a) depolymerization of the fibrin clot and (b) subsequent hydrolysis
of the depolymerizied fibrin to amino acids. Both steps are inhibited ty
ribonuclease via a plasmin ~ ribonuclease compiex not involving the moiety of
the ribonuclease molecule involved in ribonucleic acid degredation. Moreover
it was found that dilute acid hydrolysis of bovine pancreatic ribonuclease
results in a loss of the nuclease activity of ribonuclease but not its anti-
plasmin activity.

Studies made on the role of heparin and ribonuciease in fibrinolysis indicata that
heparin inhibits the antiplasmin activity of ribonucliease. In addition it has
been observed that bovine pancreatic ribonuciease will inhibit the liquifaction

of fibrin clots in vitro by heparin in low concentration (1-10 NIH unite) in

the absence of plasmin,

No other components of the fibrinolytic system studied were observed to possess
ribonucliease activity,

The data obtained are discussed in terms of the mechanism of fibrinolysis and
the roles and functions of ribonuclease and heparin.
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INTRODUCT | ON

Based on observations made In this laboratory that bovine pancreatic ribonu-
clease will inhibit in vitro the dissolution of bovine and human fibrin clots
by plasmin of either human or bovine origin investigations directed toward

elucidation of the mechanisni by which plasmin (fibrinolysin) hydrolyzes fibrin
clots were made,

The initial stages of this program required modification of existing assay
techniques for assessing fibrinolytic activity., As a result a tube test-method
was developed and adopted as the method of assaying for fibrinoiytic activity
to replace the time consuming and expensive fibrin plate method of Astrup and
Multertz (1), This report desci ibes this method and its subsequent usage In
studying the effects of temperature, pH, varying concentrations of enzymes,
substrates, and Inhibitors, etc. on the fibrinolytic process in the presence
and absence of ribonucliease and other known inhibitors of fibrinolysis,

In addition and in order to gain insight in general into the mechanism by
which fibrinolysis occurs and specifically into the role of ribonuclease in
the fibrinolytic mechanism a special four-way program of investigation was
undertaken. One series of studies was designed to ascertain whether any of
the components of the fibrinolytic system utilized in our work possessed
ribonuclease activity, per se, as manifested through depolymerization of
ribonucleic acid.

Simultaneously investigations were made to elucidate the means by which bovine
pancreatic ribonuciease inhibited the depoiymerization and subsequent hydrolysis
of boviwe fibrin clots by both human and bovine plasmins. Concurrently and in
order to assist in pin~pointing the exact function of ribonucliease in the fibrin-
olytic system experiments were performed in which the role of heparin, reported
inhibitor of ribonuclease enzyme activity, was ascertained with respect to its
relationship to ribonuclease and the fibrinolytic system.

The fourth part of the genera!l ressarch plan designed to evolve knowiedge as
to the mechanism of fibrinolysis revolved around the question posed regarding
the requirement of the ribonuclease molecule in toto for antiplasmin activity.

The methodotogy used, results obtained, and conclusion to be derived from this
research program with respect to evolving the mechanism of fibrinolysis and the
specific function of ribonucliease from the period from November 1961 through
April 1964 are presented in the foliowing pages of this report,

.
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TEST TUBE ASSAY METHOD

A method was deveioped for studying the fibrinolytic system which could be
carried out in test tubes and with extreme accuracy, precision, and repro-
ducibillty. Mcreover the assay could be conducted in total volume of 1.0

ml and utilized only 5 mgs of fibrinogen and microgram quantities of enzyme
and/or inhibitors. This method as described below is being used now in all
studies and was used in the investigations as reported herein,

| - Description of test tube method

To a 10 x 75 mm test tube is added 0.5 ml of 0.0036 mm veronal buffer
at desired pH (0.6570 gms diethylbarbituric acid/liter of .9% saline),

Noxt is added 0.1 cc of fibrinogen solution (5 mg of fibrinogen, bovine
or human, per 0.1 ml of veronal buffer). This is followed by 0.1 m| of
inhibitor dissolved in veronal buffer or 0.1 m| buffer alone if no
inhibitor is being used. Next O.! ml of veronal buffer containing the
desired concentration of plasmin is added. Finally O.1 ml of thrombin
dissolved In veronal buffer (10 NIH units/O.1 mi) is added. The contents
of the tube are mixed after the addition of each solution. Immediately
after addition of the thrombin the tubes are mixed and allowed to stand
for 1-2 minutes until a fibrin clot forms., The assay tube is tnen in-
cubated under any desired condition of temperature in a water bath until
the fibrin clot has become completely liquified (Iysed). The time of
complete liquification (lysis) is recorded as the lysis time. If lysis
does not occur in 24 hours the enzyme under investigation is considered
to be non~-fibrinolytic in activity.

Utilizing this method inhibitory action of bovine ribonuclease in an
all bovine fibrinolytic system was assessed. Al! these studies were
made at pH 7.8 and 37.0°C, The results of these assays have been
summarized in Table | and |1, Table | presents data obtained with
varying amounts of plasmin and no added ribonuclease. Table || shows
the average results of replicate assays in which the concentration of

ribonuclease was varied and the concentration of plasmin kept constant
at 100 micrograms,
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Lysis time ofBovine Plasmin
at
pH 7.8 and73Z.0° c .
Concentration of plasmin Lysis time
in ' In
micrograms : mlnutes
50 13.0 y
100 . 8.0
200 6,0
500 5.0
1000 - 345
TABLE ]|
Lysis Time of Bovine Piasmin.+ Bovine Ribonuclease
at

pH 7,8 and 37,5° ¢

Concentration In micrograms Lysis time In m|nutes

Plasmin Ribonuclease
100 0 8,0
100 50 9.5
100 100 1440
100 200 120.0
100 500 No Lysis
100 1000 No Lysls

2 - Studies on inhibition of plasmin by ribonuclease

(a) Temperature and pH effects. ,
A series of experiments were conducted to determine the effect
of temperature and pH on the inhibition of plasmin activity
by.ribonuciease. In these experiments the plasmin was use

af a constant concentration of 200 micrograms and the ribonuclease
concentration used was kept constant at 1000 micrograms thus
maintaining the minimum inhibitory ratio of ribonuclease to
ptasmin at 5:1. The test tube assay method previously described
was used and I all bovine fibrinolytic system was studied.
Temperature and pH were varied, The rasults of these experi-
ments wre graphically depicted in Figure I,

(b) Mode of actlon of ribonuclease Inhibition of plasmin

In another series of studles experiments were carried out utlliz-
ing the test tube assay method to determine the mode of ribo-
nuclease inhibition of plasmin, These investigations were

made to ascertain which compunent of the fibrinolytic system

wvas affected by fibonuciease directly and resulting In the .in-
hibition of the lysis of a fibrin clot by plasmin, |In the

first series of experiments varying amounts of bovine ribonu-

~3-

s St AT A



l F | GURE__|

~

EFFECT OF TCMPCRATURE AND pH ON LYSIS
Olasmin Plasmin 4+ Ribonuclease
| ‘ (100y) (100Y) ___ (500y)
F 200
180
160 : \
\
\
140
270 C
w120
—
pa §
£
E
€ 100
|5 _No Lysls o
ey
iao\
O \
(] .
: : \Q\ 270 ¢
3 7
60 N

J No Lyslis .

el e e mem = =

20 o AN _— No Lysis
. e ~ L resis
. 450 C’ “""*—«—-wJ////,

- S

5 6 7 8 9 10 5 6 7 a S 10

pH pH ‘




In

clease dissofved in 0.1 mo of 00,0036 m veronal buffer pH 7.8
was added to 0.1 m| of veronal buffer (0,0036 m ~ pH 7,.8)
contalning 5 mg bovine fibrinogen in 10 x75 mm test tubes,

The tubes contalining the mixtures of ribonuclease and fibrinogen
were then incubated at 37,0° C for 30 minutes In a water bath,

Following Incubation 0.1 ml veronal buffor containing 50y

of bovine plashin, 0,6 ml veronal buffer, and 0,1 ml thrombin
(10 NIH units) were added to each tube and a fibrin clot allowed
to form. The tubes were then incubated at 37,00 C and the time
of lysls recorded,

In a second series of experiments 50y amounts of plasmin were
Incubated for 30 minutes ¥ 37° C with varying amounts of ribonu-~
clease prier to the formatlion of the fibrin clot and subsequent.
Incubation of the clot system at 37° C,

the third set of experiment 50y amounts of plasmin and 5
mg amounts of flbrinogen were incubated together for 30 minutes prior to
fibrin clot with thrombin, and Incubation of the clot system

at 37° C, The results of these studles are : ummarized In Table !i1.
TABLE L1L
Lysis Tlme in Mlnute
, : (1) (2 (3)
Ribonuclease Ribonuclease Ribonuclease Plasmin (50y)
t In + ' + +
. micrograms Flbrinogen (5mg) ___ Plasmin {50y} ___ Fibrinogen (5mg)
0 10 5 5
50 10 50 5
150 10 65 5
500 75 No Lyslis 75
1500 No Lysis ' No Lysis No Lysis
3000 No Lyslis No Lysls No Lysls
Key:
(1) Preincubation of Ribonuclease and Fibrinogen at 370 C for 30
mll’lufes. .
{2) Preincubafion of Ribonuclease and plasmin (50y) at.37%u€ifog. .
30 minutes,
(3) Prelncubation of plasmin (50y) and fibrinogen (5mg) at 37° C

for 30 minutes,

(c) Comparlisén . of Inhibitors of plasmin,

In another series of experiments utilizing the test tube dilution
method the abllity of epsilor amino caproic acid and deoxyribonu-
clease to inhiblt bovine plasmin activity were evaluated. All
experiments were made at 37,5° C and at pH 7.8, In these
experiments a constant amount of bovine plasmin (200y) was used
and the concentration of the Inhibltors varied. The results

-4~




of these exuerivents thave been suaasrized in Tavle V.

&y

JABLE 1V

Inhibition of Plasmin by E~amino Caproic Acid and Deoxyribonuclease

at

pH 7.8 and 37° C

Concentration of
Inhibitor in

Lysis time In minutes

micrograms Deoxyr ibonuc |ease ____E-amino CaprojgaAcid
0 5 5
50 5 5
100 5 15
200 5 30
500 5 45
1000 5 80
5000 5 No Lysis
-5~




INVEST IGAT ION OF THE RIBONUCLEASE ACTIVITY OF THE F|BRINOLYTIC SYSTEM

The various component biological materials comprising the fibrinolytic syzstem
used In our work were evaluated for ribonuc|ease activity, Evaluetions were
carried out according to the method of Anfinsen, et, al. (2) as described by
Glick (3). Ribonuclease determinations were made at pH 5, 7.8 and 8.6, Systems
studied were bovine plasmin, hovine ribonuciease, bovine plasmin + bovine

ribonuciease, bovine trypsin, pancreatin (hog), human plasmin, and human
plasmin + bovine ribonuclease,

The procedures employed in this phase of the research effort were as follow:
To 1.0 ml of substrate sofution dissolved in appropriate buffer (O,|
m acetate buffer, pH 5,0 or 0,1 m veronal buffer, pH 7.8 and pH 8.6)
is added 1.5 mi of appropriate buffer solution containing the enzymes to
be evaluated in concentrations from O-i14 mg. The substrate utl!ized
Is an 0.8% solution of purified yeast ribonucleic aclid in the desired
buffer. The solution of enzyme and substrate is allowed to incubate
for 25 minutes at 25°C. All solutions are equilibrated at 25°C prior
to use., At the end of the incubatlion period 0.5 m! of precipitating
reagent (0.75% urany!| acetate in 25% perchloric acid) is added to the
solution of enzyme and substrate to stop the reaction, The precipitate
is removed by centrifugation. Then 0.1 ml of the supernatent fluid is
added to 3.0 ml of doubly.disti|led water and the solution read at 260 mp
in the spectrophotometer. Correction is made for the reagent blank
measured by the same procedure but without enzyme.

Since the purpose of this phase of the study was to determine if the other
components in the fibrinolytic system under investigation possess ribonuclease
activity to any degree and if plasmin inhibits ribonuclease activity, no attempt
was made to assess the data in terms of units of ribonuciease activity. As a
result* the data given in the table below, the results of tripliicate assays,
show ribonuciease activity as transmittance. Since the nature of this assay
measures the product of ultra violet absorbing low molecular nucieotlde
derivatives from digestion of ribonucleic acid by ribonuclease less trans-
mittance of ultra violet Iight will occur with increased digestion of ribo-
nucieic acid., The results of this work are shown in Table V.

i
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JABLE V

Measurement of Ribonuciesse Activity

Enzyme % Tronsmission
Concentration (260 M)
Enzymes System (Microgrems) pH 5.0 pH 7.8 pH 8,6
A. Bovine Pissmin +_ Bovine Fibrin
Ribonuc!esse' 5 47.0 33.0 52.0
Plasmin2 5 100.0 90.0 100.0
Plasmin + Ribonuc(ease
tio : 1) 50:5 43,0 28,2 40,0
Plasmin + Ribonuc!lease
(: ) 5:5 50,0 24,0 56,0
Piasmin + Ribonuclease
(1 : 10) 0,5:% 49.0 28,0 40,0
8. Human Plasmin + Bovine Flbrin
Ribonuc!ease” 5 17.0 13.5 31.0
Plasminé 50 86.0 80,0 77.5
Plasmin + Ribonucieuse
(10 : 1) 50:5 17,0 16,6 24.3
Plasmin + Ribonuclease
{2 6) LH 21.0 19.3 23,7
Plasmin + Ribonucleasc
(i : 10) 0.5:% 22.9 20,6 25.4
C. Trypsin 5 100.00 100,00 10C.00
D. Pancreatin (NF) 5 100,00 100,00 100.00

'sovine pancreatic ribonuciesse - Armour and Co., Chicago, 111inois
2govine plasmin - Parke - Davis and Co., Detroit, Michigan

38ovine ribonuciesse - Wiison end Co., Chicago, i!inois

4Human plesmin (thromboiysin) - Merck Institute for Therapsutical Research,

West Point, Pennsylvania

-7~
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INHIBITION OF HYDROLYSIS OF FIBRIN B8Y PLASMIN USING RIBONUCLEASE

In another phase of the research program studies have been initiated to invest-
igate the abifity of ribonuclease to prevent the hydrolysis of fibrin by plasmin,
The end point of such evaluation is the production of amino acids resulting from
plasmin hydrolysis of fibrin. In this work, utilizing an all bovine system,
plasmin is mixed witnh fibrin ana the concentration of amino acids |iberated by

plasmin hydrolysis of fibrin in the presence and absence of ribonuclease Is
determined,

The methods of assay used and the results obtained to date are as follows:

A - Ribonuclease + Bovine Piasmin + Bovine Fibrin

To 0.7 cc of veronal buffer (0,0036 M) at the desired pH in a test tube

are added 0.1 cc of bovine fibrinogen (5 mg/0.! mi) in physiological saline,
C.1 ml of bovine plasmin (100Y/0.1 mi) in physiological saline and O.! m! of
thrombin (100 NIH units/O.1 ml) in physiological saline. The final molarity
of the versonal buffer is 0,0025. The contents of the tube are allowed to clot
(approximately 30 seconds) and then the tubes are placed in a water bath at
37°C. The tubes are then observed until the fibrin cloth becomes completely
liquified. At this t me, referred to as "lysis" time, O.| ml of a physiological
saline solution of ribonuclease (1000Y/0.1 ml) is added to the tube. The
contents of the tube are thoroughly mixed and 0.2 ml of the mixture is immediately
withdrawn and assayed for total amino acids according to the method of Troll
and Cannon (4) as modified by Taber (5) and adapted for our investigations,
At intervals of 3 hours and 24 hours following the addition of the inhibitor

0.2 ml aliquots are removed from the tubes and assayed for total amino acid
concentration,

The results of these investigations have been summarized in Figure ||

B - Ribonuclease + Human Pilasmin + Bovine Fibrin
For this phase of these studies certain modifications of the assay procedure
described in Part A were made,
These are as follows:
I - Use of phosphate buffer (0.03 MO systems for enzyme hydrolyses rafther
than barbituric acid buffers. The molarity and ionic strength of the
phosphate buffer used were comparable to that of the Veronal buffer,

2 - Reduction of the concentration of bovine pancreatic ribonuclease
utilized from 1000Y per 100Y of bovine plasmin to 500Y per !00Y with human
plasmin. Investigations showed rhat the purer the ribonucliease used the
ratio of ribonuclease to plasmin required for complete inhibition of the
lysis of fibrin clots by plasmin decreased from 10:1 to 5:1.

3 - Utilization of the Coleman Spectrophotometer rather than the Kilett-
Summerson Colorimeter,

All other conditions of assay remained constant as described in Part A,

The results obtained in work with human plasmin and ribonuclease are presented
in Figure 1IA,

-8-
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STUDIES ON THE ROLE OF HEPARIN AND RIBONUCLEASE IN FIBRINOLYSIS

Early studies made In our laboratories on the mechanism of fibrinolysis in vitro
have shown bovine pancreatic ribonuclease to inhibit the depolymerization of
bovine and human fibrin clots by either bovine or human plasmin (fibrinolysin),

Since heparin has been reported by many investigators to inhibit ribonuclease

in vitro and in vivo, (heparin inhibition of cell division) and because of the

use of ribonuclease for the determination of the heparin content of serum as
reported by Lorenze (6), in 1960, we became interested in the relationship of
heparin and ribonuclease In fibrinolysis, Our interest was further stimulated

by the work of Gaertner and Lissiewicz (7), who tested the influence of ribonuc|ease
on the activation of thrombin and the antithrombin efficacy of heparin. These
investigators reported that pancreatic ribonuclease inhibited the specific
antithrombin and anticoagulant activity of heparin, indicating a possible comple-
mentary reaction between ribonuclease and heparin in the clotting mechanism,

In view of our previous investigations of fibrinolysis and its inhibition by
pancreatic ribonuciease and the reported role of ribonucliease and heparin in
the clotting mechanism, we undertook a study of the heparin - ribonuclease
interrelationship in fibrinolysis. This paper presents the results of these
investigations.

[
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Methods

All investigations were made in vitro utiljzing bovine fibrin as a substrate

for plasmin. Bovine fibrin clot assay system was preparcJ by dissolving in test
tubes 5 mg. of bovine fibrinogen in 0,0275M saline phosphate buffer at the
desired pH, adding 5 NIH units of bovine thrombin dissolved in 0,0275M saline
phosphate buffer, and allowing the mixture of fibrinogen and thrombin to ciot.
The total volume of this assay system was |,0 ml. '

Our studies were carried out in two parts, In the first phase we investigated
the role of heparin in effecting the lysis of bovine flbrin clots. In these
studies heparin sodium was added to bovine fibrinogen in amounts from | to 1000
NIH units prior to the addition of thrombin. Immediately following the addition
of heparin to bovine fibrinogen thrombin was added and the tubes allowed to
stand until a clot formed (approximately one to five minutes). The tubes were
then incubated in a water bath for 24 hours at 37.5°C until the fibrin clot
became completely liquefied (lysed). The time of complete liquefaction was
recorded as "lysis time." Partial tiquefaction of a fibrin clot in 24 hours
was considered an incomplete lysis and recorded as non-lysed fibrin. Any

lysis or liquefaction occurring within 24 hours was considered significant.
Assays were performed at pH's 7.0, 7.4, 7.8, and 9.0 in order to ascertain the
influence of pH on the ability of heparin to Induce lysis of a fibrin clot.

The results of these studies indicated that concentrations of one to ten units

of heparin caused the Iiquefaction of the fibrin clots in our system at pH's

7.4 and 7,8, Lysis of the fibrin ciots was not observed at any other concentration
of heparin. Control clots, without heparin, did not autolyse ¢ liquefy at

any of the pH's studied.

Addition of 50 to 100Y of bovine ribonuclease inhibited the Iytic activity of
heparin obtained at pH 7.4 and pH 7.8. In this regard it is interesting to note
that it required 1007 of ribonuclease to irhibit the lytic activity attributed
to heparin at pH 7.8 and only 50Y of ribonuclease at pH 7.4, This is especially
significant in view of the fact that the reported Iscelectric pH of ribonuclease
activity in depolymerizing nucleic acids,

Moreover, the addition of heparin to our test system did not interfere with the
clotting of fibrinogen indicating, in accord with the concepts of many investi-
gations, that the anticoagulatory activity &f heparin is instrumental only in
the prevention of the prothrombin~thrombin conversion.

The second phase of our experimental investigation was concerned with obtaining
more specific infcermation about the mechanism of the ribonuciease~heparin
interrelationship in fibrinolysis. |In these studies the effects or actions of
heparin on plasmin and plasmin and ribonuclease were determined. Four different
experiments were performed. In the first series, the effect of varying con-
centration of heparin on plasmin activity was ascertained. The second series

of studies was made to determine if heparin could reverse the inhibition of

plasmin activity by ribonuclease as previously observed in our i{aboratories,
Experimental Series 3 and 4 were conducted to find out whether heparin's

effects in the fibrinolytic system were via complexes with ribonuclease or plasmin.

~10-
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In the third group or series of experiments varying concentrations of heparin
were preincubated with a fixed concentration of ribonuclease, known to inhibit
plasmin activity, prior to the addition of plasm!n. (|n the final experiments
plasmin was preincubated with varying concentrations of heparin prior to the
addition of an inh'bitory concentration of ribonuclease,

In all instances the fibrin clot assay described ear!ier was used as the test
system with the time of complete liquefaction or lysis of the fibrin ciot as

the end point. All enzyme incubations were carried out at 37.5°C for 24 hours.
As in initial studies made with heparin and fibrin, lysis occurring within 24
hours was considered significant. Preincubations of heparin and ribonuclease

and heparin and plasmin were made at 37,5°C for 30 minutes before addition to

the assay system. 1In all of these Investigations 100 micrograms of human
plasmin, activated by streptokinase, were used. In experiments with ribonuclease
the concentration of this enzyme used was 50 micrograms.

Experiments in this part of our investigation were also conducted at pH's
7.0, 7.4, 7.8 and 9.0.

The results obtained in these studies have been summarized for each pH used
and are presented in the attached tables,

Figure 3 shows the data obtained in studies made at pH 7,0, As can be noted,
heparin exerts no effect on plasmin activity at any of the concentrations of
heparin used, Lysis of fiorin clots in this system occurs within 30 to 60
minutes following incubation at 37.5°C., As can be noted in Curve No, 2,
however, the addition of 50Y of ribonuclease inhibits lysis for six hours with a
graduai increase in lysis time as the concentration of heparin increases, |t
is interesting to note that even at concentrations of 200 NIH units of heparin
the inhibitory effect of ribonuciease is still evident. From the studies made
in which ribonuclease was preincubated with heparin (Curve No. 3) it can be
seen that low concentrations of heparin enhance the inhibitory activity of
ribonuclease, Incubating heparin with plasmin at pH 7.0 prior to the addition
of ribonuciease (Curve No. 4) decreases the fibrinolytic activity of plasmin
possibly by the formation of a heparin-plasmin compiex resulting in more
effective inhibition of plasmin by ribonuclease.

Figure 4 presents the data obtained with studies made at the physiological pH

of 7.4, As was obtained in the investigations made at pH 7.0 and in subsequent
studies made at other pH's, heparin exerts no effect, Inhibiting or activating,
on plasmin activity (Curve No. !). However, at this pH it requires more heparin
to prevent ribonuclease from inhibiting plasmin activity (approximately 50
units as compared to 20 units at pH 7.0) as evidenced from examination of the
curves, Preincubating heparin with ribonuclease results in complete removal of
the inhibition of plasmin by ribonuclease (Curve No. 3), whereas preincubating
heparin with plasmin allows for more effective ribonuclease inhibition of
plasmin activity as found at Ph 7,0,

Figure 5 presents the data obtained with studies made at pH 7.8. In these
studies data similar to that of other pH's was obtained with the noteworthy
exception that ribonuciease activity as an Inhibitor of plasmin is greatly

~1 1=




R I R e,

e

o e

4] e s ctaeing

diminished. This could possioly be attributed to the fact that ribonuclease

is at Its Isoelectric pH and consequently less effective because its net charge
structure Is neutral. Otherwise, the data is simiiar to that obtalned at pH
7.4,

Data for studies made at pH 9.0 are given in Figure 6, 1In all instances data

at this pH was similar to that obtained at pH's 7.4 and 7,8, However, with
preincubation of heparin and plasmin, ribonuclease was found to be aimost

as effective in Inhibiting plasmin activity with low concentrations of heparin
present as was observed at pH 7,0. This again suggests the Iimportance of molecular
structure, especially in retation to "charge" distribution and patterns,

-2




uyJedey 30 SuO| $uIJUIDN0D SujAJeA

pue (1001) yuwsed oo*onaoc_aka oy peppe (a06} agea|jonuodid 40 yoajie ouL ¥

ujedey 30 gjunoue Buthaen pue
{ 206} eswe|cnuodid vo*unzoc_mmm\o« pappe (3001} yjwse(d 30 joe44e oul °c
uyaedsy 30 n:owkng*coocoo
BujAaer Pue (4001} ujwseid of pevpPe { 106} egeajonuodis 40 yoesse ouL ‘T
11001} cgenu,a yo utsedeu i° n:o,aou*coocoo BujAien 30 400330 Ul *3

mm————

T GN3937

A

&
ewil SIS

¢
s4noH Ul

4

D°L H8 LV

mﬂﬂﬁ?qmlmm<wqu:zcm~mlz.m<mu: 30 m_:mzo_kkqummuwmd

ot {4

P



(S4{Un H | N) ujseday wn|pog

ujsedey 30 suojjesjueduoo Bujdiea pue (1001) uluwsed
psjeqnoujead o4 peppe (J0G) 9888|ONUOQ[J jO 29346 Byl °V
ujsudey jo sjunour Buphsea pue (10G) eses|onuoq)u

pojeqnoulead of peppe [)001) ulwse)d jo }dejje 8yi °¢
ujiedesy jo suojiesjusduod Bujhaea pue

{1001) ujwse|d o} peppe ()0¢) 9388 |ONUOG|JS JO §D83)6 BYl °Z
{3001) ujusejd uo

ujJedey jo suo}l;iRJIjusdu02 BujhueA jo §o8jj0 Byl !
$ON393T

¥°L 9 1v

NIWSV 1d=35V3 10NNOB | -N12Vd3H 30 dTHSNOT LY 13843 INT

+ 3 13

e e e AR G il SRR Pl i

&
SJNOH u| awj| S|sA7

|
O

-0

i 4




(S41un H | N) ulseday wnipos

o}
~
~
e
®
4
3
o
ujJedey jo syunouwe Bujlien pue 3
(1001) ujwse|d psiegnoulead o} peppe (10g) @see|dnuogid j0 100338 84l ‘¥ F
ujJeday j0 sjunour BujAieA pue €
{10G) esea|dnuoqiu pajeqnoutead o4 peppe (1001) ujwse|d jo 4o93)8 8yl ‘¢ P
ujJedey j O SUO|}{RIJUBDIUOCD
BujAseA puk (1001) ujwse[d o4 pappe (10G) 9sea|dnuoqls jO jo8348 ®YyyL °2 ﬁon

{2001) ujwse|d uo ujJedey 3O SUO|4BIJUIDUOD BujAaeA jo 499338 YL °I

o ELER]
-z

8°L 1v
NIWSY 13=-3SV3 1ONNOG I 3=N | ¥Vd3H 30 diHSNOILYIIWBUINI

w




($+1un H | N} uliedey wnipos

ogl 09! 0§

SUO| 4RJ14UBDU0D BujAueA puR (2001) ulwse|d pejeqnoujcad o} pappe ()0G) 9888 |oNUOG|J O

gjunour Bujhier pue ([)0g) @ses|dnuogq|s pajeqnoutedd of pappe {300}) uiuwse|d jo

wllllllllllllllllll?

suo|4eajuadsuod Bujdiea pue (3001) ujwse|d o} peppe {10G) @swe|dNuUOq|J jO
(2001) ujwsejd uo ujieday jo suojjesjuedsucd Bujiuea jo

ujJeday jo
109340 8y
ujJedey jo
498339 ay)
ujsedey jo
458340 ayj
100540 8y

$ON3937

i
K4

Lo

Q
S$JNOH U] sw|) 8|sA]

J
~N

=91

~0¢

0°6 H3 1v

NIWSY 1d=3SV3TONNOBI d=NIVd3H JO JIHSNOI LVI3W43 INI

mummmMﬂﬂ
-

pr—— y . . IO TR — E‘ S A g s Mot RO




Investigation of Degraded Ribonucluease on Plasmin Activity

Investigations were Initinted to ascertain 1f the antiplasmin activity of
ribonuclease wss a function of the 'ntact ribonucliease or a specific amino acid
grouping or active center In ribonuclease. Our approach in this part of our
research was to determine the effects of mild acid hydrolysis on ribonuclease
from both the point of view of its enzyme function in depolymerizing yeast
nucleic acids and its antiplasmin activity.

Acld hydrolysis was accomplished by a modification of the method of Gordon,
et. al. (8), who refluxed protein successfully with 6N hydrochloric acid up to
70 hours, We conducted the refluxing in the autoclave at 120°C and !5 pounds
pressure,

In preliminary experiments 10 mg. quantities of bovine pancreatic ribonuclease
were hydrolyzed in 10 m!. of 6N hydrochloric acid in sealed test tubes in the
autoclave for periods of 20 minutes, 90 minutes, and (20 minutes. Following
hydrolysis the hydrolysices were evaporated to dryness by bolling. .The residue
obtalned was then diluted with | ml, of physiological saline to give a theoretical
concentration of residue equivalent to 1000Y of ribonuclease per milliliter of
saline., Allquots of O,1 (1000Y of hydrolyzed ribonuclease) and 0.2 (2000Y

of hydrolyzed ribonuclease) mi, of the saline soiution of the hydrolyzed
ribonuc|ease were then assayed for antiplasmin activity usin> human plasmin (100Y)
as the fibrinolytic enzyme. The method of assay for fibrino!ytic activity was
based on the time required for complete liquefaction of a fibrin clot, as
described in our first progress report, using a phosphate buffer system.

The data obtained from these studies showed that all of the hydrolysates
prepared and tested contained no antiplasmin activity,

Based on the work of Zolliner, et. al. {9), who showed that hydrolysis of
ribonculease in the presence of heparin by boiling in I/60N hydrochloric acid
at 80°C for 30 minutes destroyed heperin but did not cause the loss of ribonu-
clease activity, we undertook a concentration study of the hydrochloric acid
hydrolysis of ribonuclease. In these investigations |0 mg. amounts of bovine
pancreatic ribonuclease ware hydrolyzed by autoclaving for 15 minutes with
varying concentratlions of hydrochieric acid ranging from 5N to O.OIN. Following
hydrolysis the hydrolysates were evaporated to dryness by boiiing and dessicating
under vacuum, The residue hydrolysates were then dissolved In physiological
saline and assayed for antiplasmin activity at pH 7.4 using the fiorin clot
lysis method. The residue hydroiysates were assayed for ribonuclease activity

at pH's 5.0 and 7.4 by methods previously described and used In our research
(Section A of this report),

The results of these studies are summarlized in Tables VI and VII. Table VI
presents the dats obtained when the hydrolysates were assessed for antiplasmin

activity. Table VI| presents the data obtalned when the hydrolysates were
assayed for ribonuclease activity.
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TABLE V!

ssmin Activity of drolysstes

ef Acid Hydrolyzed Bovine Pancreatic Ribonucl|esse

Mydroiysates From

Enzyme SN IN 0.5N 0.IN  0.075N  O0.05N  0.0IN Control
System KCI HC| HCl HCi HCT HC! MCi 100Y PI
JTime of Lysie In Minutes
Human PI (100Y) + No No
Hydrolysate (1000Y) 20 20 20 25 60 Lysis Lysis 12
Humen P! (100Y) + No nNO
Hydrolysate (2000V) 60 60 60 60 1200 Lysis Lysis 12
(20 Hrs)
TABLE V!!
Ribonyclease Activity of MHydroiysates o id
Hydrolyzed Bovine Psncreatic Ribonuc|ease
Hydrolysates Concentration of Ir ission 0
From Hydrolysate pH 5.0 pH 7.4

1.CN KCI 10Y 100 100

0.5N HCI ) { 100 100

0.IN HCI 10Y 100 100

0.075N HCI oY 100 100

0.05N HCI 10Y 100 85

Not
Not
0.00N HCI 10Y 80 45
Ribonuciesse Control- 10Y 30 23

not sutociaved

. .




The data from Table VI indicates that hydrolysis of ribonuclease In hydrochloric

3 acld of more than 0,075 normality resuited in aimost complete loss of the

i antiplasmin activity of the ribonuclease., This is of particular significance

when considered together with the fact that regardiess of the normallity of
hydrochloric acid used to hydrolyze ribonuciease the enzymatic activity of
ribonuciease was destroyed {Table VII). It is interesting to note that when
ribonuclease was autoclaved without any hydrochloric acid only 80% of its
activity was lost; however, Its abllity tc inhibit plasmin activity was retained
although diminished.

In view of these observations the hydrolysates obtained in these Investigations
were examined chromatographically to determine the differences between hydroly-
sates in terms of amino acics llberated from the ribonuclease molecule. The
hydrolysates were analyzed by paper chromatographic techniques using a Butanoi-
acetic acid-water (78-17-5) mobile phase. The components of the hydrolysates
were allowed to separate for a period of 48 hours. At the end of this time

the amino acids were developed using nirhydrin in butanol as the color-devel-
oping agent,

The results of these preliminary chromatographic separations revealed the
presence of six distinct amino acids or peptide fractions in ribonuclease
hydrolysates obtained with IN and 5N hydrochloric acid. Only one &mino acid
or peptide fraction was obtained from hydrolysates prepared by autoclaving
ribonuciease in O,IN, 0,075N, 0,05N, O.OIN, or 0.005N hydrochloric acid,

This data strongly suggests that the loss of the antiplasmin activity of ribo-
nuclease obtained with the IN and 5N hydrochloric acid hydrolysis centers

:!k around the flve as yet unidentified amino acids or peptide fractions obtained.
Hydrolysis by the methods we used resulted in the loss of ribonuclease activity
wlth apparent distinct formation of a single peptide or amino acid fraction.

From this data we have gained knowledge suggesting that the enzyme activity of

ribonuclease and its antiplasmin activity are due to different centers or
entities inherent in the molecule,

s -15-

SN S . B T VA - - S e e e e i i i




ot

DISCUSSION AND SUMMARY

The ability of bovine ribonuclease to Inhibit bovine and/or human plasmin
activity has been demonstrated in_vitro. 1t was observed In this regard
that temperature and pH influence the nature and rate of enzyme-inhibitor
substrate complex. As the temperature Is increased the rate of enzyme
degredation of a fibrin clot by plasmin Increases, However in the presence
of ribonuclease a shift in temperature function occurs and the optimal
temperature for inhibition of plasmin activity by ribonuclease appears to
be 37°C, Moreover it is noted that for both the plasmin and the plasmin +
ribonuclease systems the pH for optimal enzyme activity appears to be pH 8,
However inhibition of plasmin activity by ribonuclease is functional at all
pH levels evaluated with compliete inhibition being ohtained at pH 8 when
500Y of ribonuclease Is added to 100f of plasmin,

The mode of action of ribonuclease inhibition of plasmin was studied and it
was found that the inhibition of plasmin by ribonuclease appears to be
primarily through the function of an enzyme {plasmin) ribonuclease complex
in an apparent stoichimetric relationship.

Investigations of the Inhibition of plasmin by E-~amino caproic acid and
Deoxyribonuclease indicate the ability of E-amino caproic aclid to Inhibit
lysis of fibrin clots by ribonuclease whereas no Inhibition of plasmin
activity was exhibited by deoxyribonuclease at concentrations of deoxy-
ribonuclease to plasmin as high as 1000:1.

In a separate investigation experiments were made fto determine if other

* component blological substances of the fibrinolytic system possessed

ribonuclease activity. In addition trypsin and pancreatin (NF) were also
assessed for ribonuclease activity, The results of these studies (Table V)
indicated that nelther bovine plasmin, trypsin or pancreatin exhibit ribo~-
nuclease activity, Human plasmin did, however, evoke some depolymerization
of yeast nuclelc aclid at all pH's evaluated. It was also observed that
although ribonuclease will Inhibit plasmin activity in the dissolution of a
fibrin clot as much as 10 times more plasmin than ribonuclease does not
inhiblt ribonuciease activity significantly in depolymerzing yeast nuclelc
acld. '

However 1t is interesting to note that at pH 5.0 and pH 8.6 there is a
sl ight decreasé in ribonuclease enzyme activity In the presence of plasmin.

Moreover the Inhibition of ribonuclease by plasmin occurs at pH values on
either side of the pH reported to be the isoelectric point for ribonuclease,

as well as the optimum pH for ribonuclease activity, pH 7.7 - 7.8 (2). "Of
extreme Interest In this regard Is the fact that whereas the apparent optimum
pH for ribonuclease inhibitlion of fibrinolysin is approximately pH 8.0 no
inhibition of ribonuclease activity by plasmin is observed at this pH;
consiequent ly, suggesting that ribonuclease functions in the inhibition of
fibrinolysis activity through a reaction between as speciflc molecular
configuration Inherent In ribonuclease and a speclfic active center on plasmin,
With regard to the lack of ribonuclease activity in pancreatin, The fact

-




that pancreatin does not contain ribtonuclease could be explained through two
,‘! possibilities; namely, ribonuciease has been removed from the pancreatin in
- the processes used to prepare this product or the ribonuclease Is bound to
other components of pancreatin and is not avallable for assay by the pro-
cedure used to assess rlbonuclease activity. The finding that pancreatin
dors not posses ribonuclease activity is especially significant when considered
with the fact that pancreatin does have flibrinolytic activity that can be
inhibited by ribonuclease, Trypsin the major protoelytic enzyme component
of pancreatic juice and pancreatin has never been demonstrated to have
ribonuclease actlivity, a - fact confirmed In our work.

S S R T S

tn addition examinalion of the data obtained In these studies indicated that
plasmin of human origin does not possess ribonuclease activity in spite of
the observation that human plasmin appears to cause seme depolymerization

of yeast nucleic acid. This can possibly be attributed to the fact that
human plasmin is the activated form of plasminogen - the preparation used being
actlivated with streptokinase - streptodornase (deoxyribonuclease) - and that
the activator may have caused some depolymerization of ribonucleic acid.

In further support of this contention is the observation made for both the
bovine and human plasmin systems that the presence of plasmin apparently
enhances the activity of ribonuclease, especlially at pH's 7.8 and 8.6, The
fact that such phenomena do not occur to any appreciable extent at pH 5.0
suggests the possibility that molecular charge distribution patterns are of
extreme importance in the plasmin-ribonuclease complex.,

O T S L e R L

At pH 7.8 ribonuclease Is at its Isoelectric point and also at the pH
reported to be optimal for pancreatic ribonuclease enzyme activity. Our

a!' data confirms the latter concept. At pH's higher or lower than the ribonuclease
Iscelectric pH of 7.8 its actlvity as an enzyme decreases., The function of
plasmin Tn promoting ribonuclease activity, however, appears to be greater
at pH's atove the isoelectric pH of 7.8 (8.6), suggesting a molecular com-
bination of plasmin and ribonuclease through negatively charged bonds of a
speclflc natvre. This contention infers the presence of active centers
similar in mclecular configuration on elther plasmin or ribonuclease or both
raquired fcr Inherent and purported enzyrie activities as well as for the
antiplasmin activity of ribonuclease. WMNoreover, it is Interesting to note
that the ratio of plasmin to ribonuclease is Important in terms of ribonuclease
activity. This is especially reflected in studles with human plasmin where
it can be observed that apparently with reduction of the concentration of
plasmin relative to the concentration of ribonuclease some inhibition of
ribonuclease activity by plasmin Is obtalned. This data agaln suggests a
specific molecular combination of plasmin and ribonuclease Involving active
centers for enzyme actlivity,

In the all-~bovine system the effect of varying concentrations of bovine
plasmin on ribonuclease activity is not as clear. The ratio of plasmin

to ribonuclease necessary to Inhibit plasmin actlvity is in the relationship
of one to one and more effective at pH's 5,0 and 8.6, This agaln points

out the role of electrostatic bonding between ribonuclease and plasmin,

Finally, the question of species specificity In relation to plasmin -
ribonuclease interaction is in part answered through these Investigations.

I Ry .




There appears to be no species specificity. Bovine and human plasmins are
capable of Interactinrg with bovine ribonuclease. Whether this phenomenon
is characteristic of bovine and human plasmins can only be determined by
additional studies using plasmin and ribonuclease from other animal species
and other tissues,

Examination of the data In Figures 1l and 1A shows that bovine rlbonuclease
Inhiblts the hydrolysis of fibrin by bovine and/or human plasmins over a
wide pH range.

However, the Inhibitory effect of ribonuclease Is minimized at pH 8.0, the
isoelectric pH for ribonuclease but also the pH at which the lysis (depoly-
mer ization) of a fibrin clot by plasmin is most effectively prevented by
ribonucliease. This would imply that piasmin has at least two active centers
possibly Involved In its ability to react with fibrin. One of these would be
concerned with the depolymerization of a fibrin clot and the other with the
subsequent hydrolysis of the depolymerized fibrin clot. These centers are
most easl !y affected by changes In pH which would alter the charge distri-
bution of the various components of the fibrinolytic system. This concept is
supported by the fact that ribonucliease effectively inhiblts hydrolysis of
fibrin by plasmin at pH's of 7 or lower. Moreover, this Is especially
significant when it is considered with the observations made that plasmin
will exert an Inhibitory effect on ribonuclease activity at pH 5 and 9, more
effective at pH 5 and pH 9, but not at pH 8.0; again upholding the concept
of more than one actlive center for the plasmin - ribonuclease complex in
terms of the activities of each enzyme. This we feel Is of particular
Importance from the point of view of one enzyme inhibiting another enzyme

by apparent non-enzymatic processes., That the relationship of plasmin to
ribonuctease In fibrinolysis Is rather specific and non-enzymatic is further
supported by the observation that the ratio of ribonuclease to plasmin in
preventing the dissolution of fibrin clot by plasmin has been found to be

in the order of 5-10:1, and quite constant,

Cne additional observation of extreme importance is that obtained by comparing
data at 3 hours with that of 24 hours. MNost striking is the fact that the
total amino acld concentration of the 24 hour samples of bovine plasmin +
ribonucliease is significally ltower at pH's of 5, £, and 7 than that observad
for the same system at 3 hours. Mo explanation is availahle at this time.

This finding is particularly significant when compared to the plasmin data
which follows a predictable course in terms of hydrolysis, 24 hour con-
centratlons of amino acids being significatly elevated over the levels
obtalned at 3 hours.

Examination of the data obtained in these studies (Figure 11A) reveal that
bovine pancreatic ribonuclease Inhibits the hydrolysis of fibrin by human
plasmin over a wide pH range.

The one noteworthy difference between data obtalned with human plasmin and
that obtained with bovine plasmin is the pH at which optimal activity was
obtalned. WIith bovine plasmin the pH for optimal activity of plasmin appeared

-18-
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to be 7.8 - 8.0, white that for human plasmin Is 7.4.

It is also of interest to note in this respect tnat although ribonuclease
Inhibits human plasmin activity even in the presence of ribonuclease,

optimal enzyme activity for plasmin Is still found at pH 7.4, Similar results
were obtained with bovine plasmin. This, In our opinion, Is of extreme
significance because the optimal pH for Inhithition of the depolymerization

of flbrin is approximately 7.8. One possible interpretation of such data Is
that there Is more than one actlve center concerned in the function and
actlvity of ptasmin: one concerned with depolymerization of a fibrin clot

and the other with hydrolysis of depolymerized fibrin.

Of equal importance in these Investlgations is the observation that there
Is an apparent lack of specificity with respect to the plasmin system used.
Both bovine and human plasmin are inhibited by bovine pancreatic ribonuclease,

Investigations with other ribonulceases would help resolve this area of
interest,

I f species specificity is not a factor in terms of the fibrinolytic system
and its function in cardiovascular physiology, then a major treakthrough
in the realm of the basic phenomenon of tlood clotting isimminent,

In summary and conclusion we have observed that heparin In low concentration
sne to ten units) induces liquefaction of fibrin clots at pH 7.4 and 7.8,

which can be inhitited by ribonuciease, This observation indicates that

heparin might be acting as an "enzyme" or may effect the dissolution of

fibrin by molecular interaction. Furtner studies would have to be made to

determine the exact mode of action of heparin on fibrin clots, especially

in terms of dectabilizaiion vs, stabilization as has been purported by

Csaba (10) to be the role of heparin in the sol-gel changes occurring in
tlood clotting.

Gur siuuies nlso Indicate that the antifikbrinolytic activity of ribonuclease
can be inhibtited by heparin, The pH studies suggest that the inhibition of
the effect of ribonuclease on plasmin by heparin revolves around molecular
structure and charge configuration. At pH's on eltther side of the iso-
electric int of ribonuclease, inhibltion by heparin was more pronounced,
althoug .eparin still was effective in inhibliing the antifibrinolytic
activitvy of rioonuclease at the isoelectric pH of ribonuclease, 7.8,

All components of our test system - fibrin, heparin, and ribonuclease - are
highly chargec molecules. Heparin's electrciegative charge Is the basis
for anticoagulant action and the means of entering enzymes in the clotting
mechanism, The possibility of heparin changing the electrocharges of the
fibrin clot stould also be considered. This elecfrical imbalance could be
reversed by ritonuclease's positive charges present at pH's lower than the
isocetectric pH, and Its nejgative load at pH's more alkaline than the iso-
electric pH, tz2ing of least force at the isoelectric point of ribonuclease.

Moreover, our data suggests that heparin enjoys a dual function in the
fitrinolytic system: complexing with plasmin on the one hand and with
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ribonuclease, and effective Iinhibitor of plasmin, on the other. This infers
the possibitity of a related structural conflyuration between plasmin,

heparin, and rlbonuclease., Further Investigations will have to be undertaken
to elucidate these findings,

Hydrolysis of ribonuclease by hydrochloric (IN and 5N) acld results in the
Itheration of six distinct amino acid or peptide fractions. The loss of
these entities of the ribonuclease moiety results in a decrease In the

abiiity of ritonuclease to Inhibit plasmin and loss of ribonuclease enzyme
activity.
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