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in in vitro studies bovine pancreetic ribonuciesse has been found to
Inhibit the depoiymerization and hydrolysis of bovine tibrin by plasmin
of humen origin. The human plesmin uti!ized wes observed to enhance
the nuciease enzyme activity of bovine pencreatic ribonuciesse.

Studies made on the roie of heperin snd ribonuciesse in fibrinolysis _

have Indicated that heparin Iinhibits the antipissmin activity of ribonuciesse.
in addition, It has been found that heparin in low concentration (| - 10

NIN units) induces |iquefaction of fibrin clots jn vitre without sdded
plesmin. Bovine pancrestic ribonuciesse will inhibit this effect of heparin,

Oifute acid hydrolysis of bovine pencrestic ribonuciease (0.0IN - 0,075N
hydrochlioric acld) results In the joss of the nuclease activity of
ribonuciease but not the antiplesmin activity of ribonuclesse.

The date cbtained are discussed In terms of the mechanism of fibrinolysis
end the functions of ribonuciesse and heperin,
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ANNUAL PROGRESS REPORT

INVEST (GAT ION OF THE MECHANISM OF FIBRINOLYSIS

introduction

Ouring the past year investigations on the mechanism of
fibrinolysis have been continued.

In order to gain further Insight into the mechanism by which
ribonuciesse inhibits the lysis of fibrin clots, four separate studies
were conducted. Two of these - investigations of the ribonuciease
activities of the components of the fibrinolytic system and investi-
gations on the inhibition by ribonuciesse of the depolymerization and
hydrolysis of fibrin by plasmin - were contlinued utiiizing human
plssmin as the fibrinoliytic enzyme and bovine fibrin as the substrate.
In previous work in these areas an all-bovine fibrinoiytic system
had been employed.

Studies were aiso initiated to determine whether or not the
ribonuclease molecule is required in toto for antiplasmin activity.

In this work ribonuclease is being degraded chemically and enzymaticaily
into peptides and amino acid fractions. These components are being

assessed for antiplasmin activity.




in the final series of studies made during the period covered
by this report, experiments were conducted in which the role of heparin,
reported inhibitor of ribonuciesse enzyme activity, was ascertained
with respect to Its relationship to ribonuciesse and the fibrinolytic
system,

This report presents the methods, data, and results obtained
in the nfﬁrmnﬂonod studies during the period from July, (962
through June, 1963,




A. |avestigation of the Ribonuciesse Activity of the Fibrinoiytic
System

Studies were continued to determine if the various blological

materials comprising the fibrinoiytic system used in our work
possessed ribonuciesse activity or Iinhibited the enzymatic function of
ribonucliesse. Evaluations of ribonuciease activity were carried out
according to the methods of Anfinsen, et. gi. (1), as described by
Glick (2). Details of this method and the snalytical procedure used
in our work are presented In our Annual Progress Report, November |,
1961 through June 30, 1962, previous!y submitted.

Systems studied incliude bovine plasmin, bovine pancreatic ribonucliesse,
bovine piasmin plius bovine ribonuciease, humen plasmin, and human plesmin
plus bovine ribonuciease., No additional studies were made with
pancreatin or trypsin since esrlier work (previocusiy reported) indicated
that these enzymes do not possess ribonuclesse activity, They are
capable, however,” of hydrolyzing ribonuciease and are to be used for
this purpose in other studies.

Dotomlt;ntlon of ribonuciesse activity wes made at pH's 5.0, 7.8, and
8.6,

The resuits of the investigations of the ribonuciesse activity of
the components of the fibrinclytic system employed In our research

efforts are summerized in the foliowing tabie,
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JABLE |
Megsurement of Ribonuclesse Activity

Enzyme 8 Tronsmission
Concentration (260 M)
Enzyme System (Micrograms) pH 5.0 pH 7,8 pH 8.6

A. vine Plgamin + Bovine Fibrin

Ribonuc|esse’ s 47.0 33.0 82,0
Plasmin2 5 100.0 90.0 100,0
Pissmin + Ribonuclease

{10 : 1) 5035 43.0 20.2 40,0
Plasmin + Ribonuc|esse

t 1) 5:5 50.0 24,0 56.0
Plasmin + Ribonucliease

t:10) 0.5:5 49.0 28.0 40,0

8. Pigemin + Bo Flbrin

Ribonuc | ease” s 17.0 18.5 31.0
Plesmind 50 86.0 80,0 77.5
Pissmin + Ribonucieese

(o : 1) 5035 17.0 16.6 24.3
Plissmin + Ribonuclease

(0 ' 535 21.0 19,3 23.7
Piasmin + Ribonuclesse

(:10) 0.5:5 22.9 20.6 25,4

I8ovine pancreatic ribonuciesse - Armour and Co., Chicago, !i!inols

2g0vine plesain - Parke - Davis and Co,, Detrolt, Michigen

3govine ribonuciease - Wiison and Co., Chicago, |l !inois

4Numen pieemin (thrombolysin) - Merck Institute for Therspsutice! Research,
West Point, Pennsyfvenia
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Examination of the data obtained In these studies Indicates that
plasmin of human origin does not possess ribonuclesse activity in spite
of the observation that human pissmin appesrs to cause scme depolymerization
of yeast nucleic acid. This can possibly be attributed to the fect
that humen plasmin is the activated form of plasminogen ~ the prepara-
tion used being activated with streptokinsse-streptodornese (deoxy-
ribonuciesse) - and that the activator may have ceused some depolymerization
of ribonucieic acid. In further support of this contention is the
observation made for both the bovine and human plesmin systems that the
presence of plasmin spparentiy enhances the activity of ribonuclease,
especiaily at pH's 7.8 and 8.6, The fact that such phenomens do not
occur to any spprecisblie extent st pH 5.0 suggests the possibliiity thet
molecular charge distribution patterns are of extreme ~lmpornnco in the
plasnin-r ibonuclease complex.

At pH 7.8 ribonuclesse is at its isoelectric point and aiso at the
pH roporto.d to be optimal for pancreatic ribonuciense enzyme activity,
Our data confirms the latter concept. At pH's higher or lower than the
ribonuciesse isoelectric pH of 7.8 Its activity as an enzyme decreases.
The function of plasmin in promoting ribonuciease activity, however,
appears to be greater at pH's above the isoelectric pH of 7.8 (8.6),
suggesting a molecular combination of plesmin and ribonuciesse through
negatively charged bonds of & specific nature. This contention Iinfers

the presence of active centers similar in molecular configuration on

-5



elither plasmin or ribonuciease or both required for inherent snd pur-
ported enzyme activities as well a8 for the entiplasmin activity of
ribonuciease. Moreover, it Is interesting to note that the ratie of
plasmin to ribonuciease is importent In terms of ribonuclease actlivity.
This is especially reflected in studies with hhmon plasmin where It can
be observed that apparentiy with reduction of the concentration of
plasmin relative to the concentration of ribonucliease some Inhibition of
ribonuciesse activity by plasmin is obtained. This date again suggests
a specific molecular combination of plasmin and ribonuclesse involving
sctive centers for enzyme attivity.

in the all=bovine system the effect of varying concentrations of
bovine plasmin on ribonuclesse activity is not as clear. The ratio of
pilasmin to ribonucliesse necessary to inhibit plesmin activity is in
the relationship of one to one and more effective at pH's 5.0 and 8.6,
This again point out the rolie of electrostatic bonding between
ribonuciease and plasmin,

Finally, the question of species specificity In relation to plasmin-
ridonuciease interaction is in part answered through these Investigations.
There appears to be no species specificity. Bovine sadhwman plasmins
are cepable of interacting with bovine ribonucliesse. Whether this
phenomenon is characteristic of bovine ani human plssminscan only be
determined by additions! studies using plasmin and ribonuciesse from other
animal species and other tissues. Such investigations are planned ss part

of our continuing effort.




8. Inhibition by Ribonuciegse of the Depoiymerization and Hydroiysis of

Fibrin by Plasmin

Studies were continued In sscertaining the role of ribonuciesse
in preventing the depolymerization snd subsequent hydrciysis of fibrin
by plammin. In earllier work these investigations were made utilizing
bovine plasmin. {n our current program of research on this probiem, as
presented in this report, we have been and are continuing the investigetion
of the antlifibrinolytic activity utitizing humen plasmin as our fibrino-
iytic enzyme and bovine pancreatic ribonuciesse as the source of anti-
fibrinoiysin,

Although the parameters of obsorv;tlon and measurement observed In
studies with human plasmin w;ro the same as presented In our tast
progress report for studies made with bovine plasmin -« namely, the
production and identificetion of amino acids resuiting from plasmin
hydrolysis of fibrin -~ we have modl fied oyr sssay procedures In order to
achieve a more physioiogical system. The modification consisted of
employing & phosphate buffer (0.03M) system for carrying out enzyme
hydroliyses rather then the previously used barbituric acid buffer. The
molarity and ionic strength of the phosphate buffer used was comparable
to that of the Veronsl buffer.

A second modification used was the reduction of the concentration of
bovine pancreatic ribonuclesse used as & constant concentration of
inhiditor from 1000Y/100Y of plasmin to 500Y/1007 of plesmin. This modifi-

cation was used primerily because of the fact that a change in our source



of supply of ribonuciesse was necessitated due to a discontinuance of
product ion of this product by the manufecturer. A new source of
ribonuciesse was obtained and sssey of this materisl revesied It to be
of a higher quality and purity than that previously used, lnmtlgoﬂoni
in our laborstory showed that with the purer ribonuciease the ratio of
ribonuciesse necessary for complete inhibition of plasmin in vitro dropped
from 10:1 to 5:1. This observation in Itself sugments the concept of
the highly specitic function of ribonuciease in the fibrinoiytic system,
The third and final modificetion empioyed was the recording of
changes in amino acid formation by recording changes in optical density
o8 measured using the Colemen Spectrophotometer rather than the Klett-
Summerson Colorimeter. i
All other procedural asspects of these studies weee [denticel to
those reported in our prior progress report covering the perlod from
November |, 1961 through June 30, 1962,

The resuits of these Investigetions have been summarized in Figure
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Discussion

Examinatlon of the data obtained in these studies (Figure |) reveal
that bovine pancrestic ribonuciesse Inhibits the hydrolysis of fibrin
by human piasmin over s wide pH range. Simiier results were obtsined
with bovine plasmin.

The one noteworthy difference between dats obtained with humen
plasmin and that obtained with bovine plasmin Is the pH at which optimal
activity was obtained. With bovine plasmin the pH for optimal activity
of plasmin sppeared to be 7.8 - 8,0, while that for human plesmin Is 7.4.

It Is also of interest to note in this respect that although
ribonuciease inhibits human plasmin activity even In the presence of
ribonucliease, optimal enzyme activity for plasmin is still found at pH
7.4, Similer resuits were obtained with bovine plasmin, This, in our
opinion, Is of extreme ﬂ.gnlnc.nco because the opﬂnil pH for
inhibition of the depolymerization of fibrin is approximately 7.8. One
possible interpretation of such data is that there is more than one
active center concerned in the function end activity of plasmin: one
concerned with depoiymerization of a fibrin clot and the other with
hydroiysis of depolymerized fibrin.

Of equal Importance In these investigations is the observation that
there is an apparent lack of specificity with respect to the pissmin
system used. Both bovine end humen ptasmin ere inhibited by bovine
pancreatic ribonuciesse. Investigations with other ribonuc!esses would

help resoive this srea of interest.




If speclies specificity Is not a factor In terms of the fibrinotytic
system and its function In cerdiovescutasr physiology, then a mejor
breakthrough In the reaim of the basic phenomenon of blood clotting Is
inminent .

Work Is being continued in this part of our research effort in
order to obtain more informetion as to the mechanism of fibrinolysis,
Studies are In process by which we wiil ascertain the effects of the
variation of the concentration of ribonuciesse in preventing the hydroiysis
of fibrin by plasmin. The effects of temperature are also being
investigated.

Planned for the near future amd In conjunction with work now in
process s an examination of the end products (emino acids) produced by
plesmin hydrolysis of fibrin in the presence snd nboon;:o of ribonucilease.
Some Investigations have been carried out but ere too preiliminery In
nature to report at this time with one noteworthy exception: whenever
ribonuciesse is incorporated into a fibrinclytic iy.ta of plasmin end
fibrin we have noted, after chrometographic examination of the hydrolysate,
the sbsence of several amino acids and/or peptides. These have not been

identified to date,
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C. linvestigetion of Degraded R clesse on Pigsmin Activit

During the past yesr investigations were initiated to ascertain I
the antiplasmin activity of ribonuciease is a function of the intect
ribonuciesse or a specific amino acid grouping or active center in
ribonuciesse. Our first approach In this part of our research has
been to determine the effects of miid acld hydrolysis on ribonuciease
from both the point of view of its enzyme function In depolymerizing
yeast nucleic acids and its antiplesmin activity.

Acid hydrolysis was accomplished by a modification of the method
of Gordon, et. ai. (3), who refiluxed protein successfully with 6N
hydrochloric acid up to 70 hours, We conducted the refluxing in the auto-
clave at 120°C and I35 pounds of pressure.

in preliminery experiments 10 mg. quantities of bovine pancreatic
ribonuciease were hydrolyzed In 10 ml. of 6N hydrochioric acld in
sealed test tudbes in the sutoclave for periods of 20 minutes, 90
minutes, and 120 minutes. Following hydrolysis the hydrolysates were
evaporated to dryness by boliing. The residue obtained was then dliluted
with 1 ml. of physiological satine to give a theoretical concentration
of residue equivaient to 1000Y of ribonuciease per mililliter of saline,
Allquots of 0.1 (1000Y of hydrolyzed ribonuclesse) and 0.2 (20007 of
hydrolyzed ribonuclesse) mi. of the saline sotlution of the hydrolyzed
ribonuciease were then ssssyed for antiplasmin activity using human plasmin
({100Y) a8 the fibrinolytic enzyme, The method of assay for fibrinolytic
activity wes based on the time required for complete liquefaction of a fibrin

ciot,as described in our first progress report,using s phosphate buffer system.



The data obtalned from these studies showed that all of the
hydroisates prepared and tested contained no antiplasmin sctivity.

Based on the work of Zolliner, et.a). (4), who showed thet hydroiysis
of ribonuciease in the presence of heparin by bolling In 1/60N hydrochioric
acid at 80°C for 30 minutes destroyed heparin but did not cause the
loss of ribonuciease activity, we undertook a concentration study of
the hydrochioric acid hydrolysis of ribonuciease. In these Investigations
10 mg. amounts of bovine pancrestic ribonuciesse were hydrolyzed by
autoclaving for 15 minutes with varying concentrations of hydrochloric
acid ranging from 5N to 0.0IN. Foliowing hydrolysis the hydroiysates
were svaporated to dryness by boiling and dessicating under vacuum. The
residue hydrolysates were then dissolved In physiological saline and
ssseyed for antipiesmin activity at pH 7.4 using the fibrin ciot lysis
method. The residue hydrolysates were assayed for ribonuciease activity
ot pH's 5.0 and 7.4 by methods previous|y described and used in our
research (Section A of this report).

The resuits of these studies sre summerized In Tables lland i,

Teble || presents the data obtained when the hydrolysates were assessed
for antiplasmin activity., Table ||| presents the data cbtained when the

hydrolysates were asseyed for ribonuciease activity.




TJABLE 1|

Antl i ty of olysgtes
i drolyzed ing Pencregtic RIi |ogse
— Wyéroiysates From —
— Enzyme SM IN O.5N. 0.1N  O0.07SN  0.0%  0.0IN Control
System . T I TN HCi _KCi MO NCH MC| 100Y PI
Time of Lysis In Minutes
Humen PI (100Y) + No No
Hydrolysate (1000Y) 20 20 20 25 60 Lysis Lysis 12
Humen P! ¢100Y) + No No
Hydrolysate (2000¥) 60 60 60 60 1200 Lysis Lysis 12
(20 Hrs)
TJABLE 1|
Ribonyciegse Activity of Mydroiysates of Acid
droi vine P lc Rl c
Hydrolysates Concentration of Ir
_From Mydroiysate pH 5.0 o4
1.ON HCH 107 100 100
0.5N KCI oY 100 100
0. 1IN HCI 10Y 100 100
0.075N KCI [414 100 100
0.05M HCI oY 100 83
Mot
0.01N HC| 10v 100 Determined
Not
0.00M HCI| oY 80 45
Ribomuciesse Control~ 10V 30 23

not sutoc|aved
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The dats from Table |1 Indicates that hydrolysis of ribonuc|ease
in hydrochlioric scid of more than 0,075 normality resulted in aimost
compiste loss of the antipiasmin sctivity of the ribonucissse. This Is
of particuler significence when considered together with the fact that
regardiess of the normelity of hydrochloric ecid used to hydrolyze
ribonuciesse the enzymstic activity of ribonuciesse wes destroyed (Table
i), It is Interesting to note that when ribonuciease wes autocisved
without any hydrochioric acid oenly 80% of its sctivity was lost; however,
its sbitity to inhibit plesmin activity was refained although diminished.

in view of these observations the hydrolysstes obtained in these
investigations were examined chrometographically to determine the
differences between hydrolysates in terms of smino acids |iberated from
the ribonuciesse molecuie, The hydrolysates were analyzed by paper
chromatographic techniques using a Butenol-—scetic aclid-water (768~i17-5)
mobiie phase., The components of the hydrolysates were allowed to
separate for a perlod of 40 hours. At the end of this time the amino aclds
were developed using ninhydrin In butanol a8 the color-developing agent.

The results of these preliminary chromatographic separations revealeq
the presence of six distinct amino aclids or peptide fractions In
ribonuciesse hydroiysates obtained with IN and 5N hydrochloric acid. Only
one amino acid or peptide fraction was obtalned from hydrolysates prepared
by sutoclaving ribonuciesse in O.IN, O,075N, 0.05M, O.OIN, or 0,005M hydro-

chloric acld.
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This deta strongly suggests thet the 1oss of the antiplasmin
activity of ribonuclesse obtained with the IN and 5N hydrochloric acid
hydrolysis centers around the five ss yet unidentified amino acids or
peptide fractions obtained. Hydrolysis by the methods we used resulted
in the loss of ribonuciesse activity with the spparent distinct forme-
tion of & single peptide or amino acid fraction.

From this data we have gained knowledge suggesting that the
onzyme activity of ribonuciease and its antiplasmin activity are due to
different centers or entities Inherent in the molecule. investigations
are now In process to elucidate the neture snd type of centers and

inherent amino acid molecules Involved,
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D. Studies on the Role n_gnd Ribonuc ¢ In Fibrinolysli

Early studies made in our laboratories on the mechenism of
fibrinolysis in vitro have shown bovine pancreatic ribonuciease to
inhiblt the depolymerization of bovine or human fibrin clots by
elther bovine or humen plasmin (fibrinoiysin).,

Since heparin has been reported by meny investigators to inhibit
ribonuciease in vitro and |n vive, (heparin Inhibition of cell
division) and because of the use of ribonuclesse for the determination
of the heparin content of serum ss reported by Lorenze (5) in 1960,
we became Interssted In the reiationship of heparin and ribonuciease
In fibrinoiysis. Our interest wes further stimuiated by the work
of Gaertner and Lislewics (6), who tested the Influence of ribonuciesse
on the activation of thrombin and the antlithrombin efficacy of heparin.
These investigators reported that pancrestic ribonuciease inhibited
the specific antithrombin and anticoaguient activity of heparin,
Indiceting & possible compiementary resction between ribonuciesse and
heperin In the clotting mechaniam,

In view of our previcus investigetions of fibrinoiysis and its
inhidbition by pancreatic ribonuciease and the reported role of
ribonuciesse and heperin In the clotting mechanlism, we undertook a
study of the heparin - ribonuciease interrelationship In fibrinolysis,

This paper presents the resuits of these investigations.
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Methods

All investigations were made In vitro utilizing bovine fibrin as a

substrate for pltasmin, Bovine fibrin clot assay system was prepared 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 clot. The total volume of this assay
system was (.0 mi.

Our studies were carried out in two parts. In the first phase we
investigated the roie of heparin in effecting the lysis of bovine fibrin
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 cf heparin to bovine flbrinogen thrombin
was added and the tubes allowed to stand unti! a clot formed lapproximately
one to five minutes). The tubes were then incubated in a water bath
for 24 hours at 37.5°C unti| the fibrin clot became completely liquefied
{ilysed). The time of complete |liquefaction was recorded as "lysis time."
Partial liquefaction of a flbrin clot in 24 hours was considered an
incomplete lysis and recorded as non-iysed fibrin. Any lysis or |ique-
faction 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 abllity 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 Ilquefaction of the fibrin clots in
our system at pH's 7.4 and 7.8. Lysis of the fibrin clots was not observed
at any other concentration of heparin. Controi clots, without heparin,

did not autolyze or |iquefy at any of the pH's studied,
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Addition of 50 to 100Y of bovine ribonuciease inhibited the
lytic activity of heparin obtained at pH 7.4 and pH 7.8. In this
regard It Is interesting to note that It required 100Y of ribonuclease
to inhlbit 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 isoelectric pH of ribonuclease is 7.8 -
also the pH reported to be optimal for ribonucliease activity in depoly-
merizing 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 investigations, that the anticoagulatory activity
of heparin is instrumental only In the prevention of the prothrombin-
thrombin conversion,

The second phase of our experimental investigation was concerned
with obtalning more specific information about the mechanism of the
ribonuclease-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 concentrations of heparin on
plasmin activity was ascertained. The second series of studies was made
to determine [f heparin could reverse the inhibition of plasmin activity
by ribonuciease as previously observed in our l|aboratories. Experimental
Series 3 an& 4 were conducted to find out whether heparin's effects in
the fibrinolytic system were via compiexes with ribonuciease or plasmin.
in the third group or series of experiments varying concentrations of

heparin were prelincubated with a fixed concentration of ribonuciease,
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known to inhibit plasmin activity, prior to the addition of plassmin.
in the final experiments plasmin was preincubated with varying con-
centretions of heparin prior to the addition of an Inhibitory concen~
tration of ribonuciesse.

in all instences the fibrin clot sssay described earlier was used
88 the test system with the time of compiete iiquefaction or lysis
of the flbrin clot a8 the end point. Ali 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 heperin and ribonucleasse and heparin
and plasmin were made at 37.5°C for 30 minutes before addition to the
sssay system. in all of these investigations i0O0 micrograms of
human plasmin, activated by streptokinsse, were used. In experiments
with ribonuciesse the concentration of this enzyme used was 50 micro-
grams.

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

The resuits obteined in these studies have been summerized for
oach pit used and are presented in the attached tables.

Figure 2 shows the data obtained in studies made at pH 7.0. As
can be noted, heparin exerts no effect on plaamin activity at sny of
the concentrations of heperin used. Lysis of fibrin ciots Iin this

system occurs within 30 to 60 minutes foilowing incubation at 37.5¢C.
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As can be noted in Curve No. 2, however, the addition of 30V of
ribonuciesse inhibits Iysis for six hours with a gradual incresse
in lysis time as the concentration of heparin increases. 1t Is interesting
to note that even st concentrations of 200 NIH units of heperin the
inhibitory effect of ribonuciease is still evident. From the studies
made In which ribonuciesse was preincubated with heparin (Curve No. 3)
it can be seen that low concentrations of heparin enhance the Inhibitory
activity of ribonuciesse. Incubating heparin with plasmin at pH 7.0
prior to the addition of ribonuciease (Curve No. 4) decreases the
fibrinolytic activity of plesmin possibiy by the formation of a heparin-
plasmin complex resuiting In more effective inhibition of plasmin by
ribonuclease.

Flgure 3 presents the data obtalned with studies made at the
physiological pH of 7.4. As was obtained in the investigations mdde
at pH 7.0 and In subsequent studies made at other pH's, heparin exerts
no effect, Inhibiting or activating, on plaamin activity (Curve No. I).
However, at this pH it requires more heparin to prevent r ibonuciease
from Iinhibiting plasmin activity (approximately 50 units as compered to
20 units at pH 7.0) ss evidenced from examination of the curves. Pre—
incubsting heperin with ribonuciesse resuits in complete removal of the
inhibition of plasmin by ribonuciesse (Curve No. 3), whereas preincu-
bating heperin with plasmin ailows for more effective ribonuciesse
inhibition of plasmin activity ss found at pH 7.0.

Figure 4 presents the data obtalned with studies made ot pH 7.8, |in

these studies data simliar to that of other pH's was obtained with the

~20~




bty

noteworthy exception that ribonuciesse activity as an inhibitor of
plasmin is grestiy diminished. This could possibly be attributed to
the fact that ribonuciesse Is at its Iscelectric pH and consequent |y
leas effective because Its net charge structure is neutral. Otherwise,
the data is similar to that obtained ot pH 7.4.

Data for studies made at pH 9,0 are glven in Figure 5. In all
Instances dats at this pH wes simiier to thet obtained at pH's 7.4
and 7.8. However, with preincubation of heparin and pissmin,ribonuc|esse
was found to be aimost as effective in inhibiting plasmin activity
with low concentrations of heparin present ss was observed at pH 7.0.
This again suggests the importsnce of molecular structure, especially

in relation to "charge™ distribution and patterns.

S d Conclusions

In summary and conclusion we have observed that heperin in low
concentration (one to ten units) induces !igquefaction of fibrin clots
at pH 7.4 and 7.8, which cen be Inhibited by ribonucliesse, This
observation indicetes that heparin might be acting as an “enzyme" or
may effect the dissolution of fibrin by motecuiar interaction. Further
studies would have to be made to determine the exact mode of action of
heparin on fibrin clots, especially In terms of destablilization vs.
stabl!ization as has been purported by Csabs {(7) to be the role of

heparin in the sol-gel changes occurring In biood clotting.
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Our studies also Indicate that the antifibrinolytic activity of
ribonuciease can be Inhibited by heparin. The pH studies suggest that
the inhiblition of the effect of ribonuciesse on plesmin by heparin
revolves around moiecular structure and cherge configuration. At pH's
on elther side of the isoetectric point of ribonuciesse, inhibition
by heparin was more pronounced, efthough heparin stil| was effective
In inhititing the antifibrinolytic activity of ribonuciesse at the
isoelectric pH of ribonuclease, 7.8.

All components of our test system -~ fibrin, heparin, and ribonuciease ~
are highly charged molecules, MNeparin'’s electronegative charge
is the basis for snticoagulant action thought to enter enzymes in the
clotting mechanism. The possibiiity of heperin changing the electro-
charges of the fibrin clot should aiso be considered. This electricsl
imbalance could be reversed by ribonuciesse’s positive charges present
at pH's lower than the Isoelectric pH, and its negative load at pH's
more alkaline than the [scelectric pii, being of lesst force at the
I1scelectric point of ribonuciesse.

Noreover, our data suggests that heparin enjoys a due! function
in the fibrinoiytic system: complexing with plasmin on the one hand
and with ribonuciesse, an effective inhibitor of plasmin, on the other.
This Infers the possibiilty of a refated structural configuration between
plasmin, heparin, snd ribonuclease. Further investigations wili have

to be undertaken to elucidate these findings,
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in In vitro studies human plasmin has been shown to be devoid of
nuciesse activity per se. |t has been found that both bovine end
humen plasmin apparently enhance the nuciease activity of bovine
pancreatic ribonuclesse.

The ability of human plasmin to depolymerize and hydrolyze fibrin
has been found to be Inhibited by bovine pancrestic ribonuciease

in yjtro, Simliler results were obtained with bovine plasmin,

Acld hydrolysis of ribonucliease results in the loss of ribonuclesse
activity at ail hydrolysis levels from 0.005N to 5N hydrochioric
aclid used. No loss of the antiplesmin activity of bovine pancreatic
ribonuciesse was observed fol lowing sutoclaving of ribonuciease at
120°C and |5 pounds pressure for |5 minutes In 0,0IN to 0.075N
hydrochioric acid. Chromatographic examination of the 0.0IN - 0.075N
hydrochloric scld hydroiysates revesied the presence of an unknown
peptide or smino acld frection. Paper chromatography of hydrolysates
of ribonuclesse obtained from auteclaving bovine pancrestic ribonuclease
In O.IN to 5,0N hydrochioric acid indicates the presence of six
unknown amino acid or peptide fractions.

Heparin In low concentration (I to 10 NIH units) Induces |iquefaction
of fibrin clots sens plasmin at pH 7.4 end 7.8, Bovine pancreatic

ribonuclease wii| inhibit this effect of heparin,

Heparin Inhibits the antiplaamin activity of ribonuciease. This
effect of heparin has been cbserved to be more pronounced at pH levels
sbove or below the ribonuciesse Isoelectric pH of 7.8,
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