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In in vitro studieo bovine pancreatic ribonuclease haa been found to
Inhibit the depolymerizatlon and hydrolysis of bovine fibrin by plasmin
of human orIgin. The human plemln utilized was observed to enhance
the nuclease enzyme activity of bovine pancreatic ribonucleese.

Studies me" on the role of heparin and ribonuclese in fibrinolysis
have Indicated that heperin Inhibits the antlplasmln activity of ribonuclease.
In addition, it has been found that heparin in low concentration (I - 10
NIH units) Induces liquefaction of fibrin clots jfi vitro without added
plmln. Bovine pancreatic ribonuclese will Inhibit this effect of haperin.

DI lute acid hydrolysis of bovine pancreatic rlbonuclease MO.AIN - 0.075N
hydrochloric acid) results in the loss of the nuclease activity of
ribonucleaSe but not the antiplamin activity of ribonucleese.

The data obtained are discussed In terms of the mechanlim of fibrinolysis
end the functions of rlbonuclese and heperln.
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ANNUAL PROGRESS REPORT

INVESTIGATION OF THE MECHANISM OF FIBRINOLYSIS

I ntroduct ion

During the past year Investigations on the mechanism of

fibrlnolysis have been continued.

In order to gain further Insight into the mechanism by which

rlbonuclease inhibits the lysis of fibrin clots, four separate studies

wore conducted. Two of these - Investigations of the ribonuclease

activities of the components of the fibrinolytic system and Investi-

gations on the Inhibition by ribonuclease of the depolymerization and

hydrolysis of fibrin by plasmin - were continued utilizing human

pleemin as the fibrinolytic enzyme and bovine fibrin as the substrate.

In previous work in these areas an all-bovine fibrinolytlc system

had been employed.

Studies were also initiated to determine whether or not the

ribonuclease molecule is required in toto for antiplasmln activity.

In this work ribonuclease is being degraded chemically and enzymatically

Into peptides and emino acid fractions. These components are being

assessed for antipiasmin activity.



In the final series of studies nedo during the period covered

by this report, experiments were conducted 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.

This report preents the methods, data, and results obtained

in the aforementioned studies during the period from July, 1962

through Juno, 1963.
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A. ln)estIastIon of the Rlbonuclease Activity of the Fibrinolytic

Syst!M

Studies were continued to determine If the various biological

materials comprising the fibrinolytic system used In our work

possessed rlbonucleese activity or inhibited the enzymatic function of

ribonuclesse. Evaluations of ribonuclease activity were carried out

according to the methods of Anflnseen, it. jL. (1), as described by

Glick 12). Details of this method and the analytical procedure used

in our work are presented in our Annual Progress Report, Novefber I,

1961 through June 30, 1962, previously submitted.

Systems studied Include bovine plesmin, bovine pancreatic ribonuclease,

bovine plasmin plus bovine ribonuclease, human plasmin, and human plaesmln

plus bovine rlbonucleese. No additional studies were made with

pencrestin or trypsin since earlier work (previously reported) indicated

that these enzymes do not possess ribonuclease activity. They are

capable, however, of hydrolyzing ribonuclease and are to be used for

this purpose In other studies.

Determinatlon of ribonuclese activity was made at pH's 5.0, 7.8, and

6.6.

The results of the Investigations of the ribonucleese activity of

the components of the flbrinolytic system employed in our research

efforts are sumerized In the following table.
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Aesuremet of Rlbonuclesse Activity

Enzyme S Tronlmialion
Concentration 260 N4I

Enzyme System IJicrogrin) pH 5.0 oH 7.8 pH 8.6

A. Bovine Plimin + Bovine Fibrin

R I bonuc I ee 5 47.0 33.0 52.0
PIamln2  5 100.0 90.0 100.0
Plamin + Ribonuclease

110 : I) 50:5 43.0 28.2 40.0

Pleamln + Ribonuc ee
(I : I) 5:5 50.0 24.0 56.0

Plesmin + Ribonuclese
II : 10) 0.5:5 49.0 28.0 40.0

B. H!mn Plalmin + Bovine Fibrin

Ribonuc leae 3  5 17.0 18.5 31.0
Plamin4  50 86.0 80.0 77.5
Plasmin + Rlbonuclees

410 : I1 50:5 17.0 16.6 24.5
Plasmin + Ribonclease

(I : 1) 5:5 21.0 19.3 23.7
Plasmln + Ribonuclease

(I : 10) 0.5:5 22.9 20.6 25.4

Iovine pancreatic rlbonuclese - Armour and Co., Chicagop, Illinois
20ovine plasmin - Parke - Davis and Co., Detroit, Michigan
31ovIne ribonucleeas - Wl Ison andCo., ChIcago, I I I Ino18
4 1umen pemwin (thrombolysIn) - Merck Institute for Therapeutical Research,

West Point, PNnndyfvanle
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Examlnation of the date obtained In these studies indicates that

pleemin of human origin does not possess ribonuclease activity in spite

of the observation that human pleemin appears to cause some depolymerizatlon

of yeast nucleic acid. This can possibly be attributed to the fact

that human plesmin is the activated form of plesminogen - the prepara-

tion used being activated with streptokinase-streptodornase (deoxy-

ribonuclease) - and that the activator may have caused some depolymerizatiol

of ribonucleic acid. In further support of this contention is the

observation made for both the bovine and human pleemin systems that the

presence of plaemin apparently enhances the activity of ribonuclease,

especially at pH's 7.8 and 8.6. The fact that such phenomena do not

occur to any appreciable extent at p 5.0 suggests the possibility that

molecular charge distribution patterns are of extreme importance in the

pil in-r ibonuclease complex.

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 date confirms the letter concept. At pH's higher or lower than the

ribenuclease isoelectrIc pH of 7.6 its activity as an enzyme decreases.

The function of plaamin in promoting ribonuclease activity, however,

appears to be greater at ples above the isoelectric pH of 7.8 (8.6),

suggesting a molecular cobaination of plemmin and ribonuclease through

negatively charged bonds of a specific nature. This contention Infers

the presence of active centers similar In molecular configuration on
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either piasmin or ribonucleabe, or both required for Inherent and pur-

ported enzyme activities an well as for the antipleamin activity of

ribonucloese. ftreover, It Is Interesting to note that the ratio, of

pl asmin to ribonuclease Is Important In terms of ribonuclease activity.

This Is especially reflected In studies with human plaamin where It can

be observed that apparently-with reduction of the concentration of

plasmin relative to the concentration of rlbonuclease some Inhibition of

ribonucles activity by pisamin Is obtained. This date again suggests

a specific molecular coumbination of plasmin and ribonuclase Involving

active centers for enzyme activity.

In the all-bovine system the effect of varying concentrations of

bovine pleamin on ribonuclese activity Is not as clear. The ratio of

pisamin to ribonuclease necessary to Inhibit pleemin 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 role of electrostatic bonding between

ribonuclease and pleemin.

Finally, the question of species specificity In relation to plasmin-

ribonuclese Interaction Is In pert answered through these Investigations.

There appears to be no species specificity. Bovine sadlame planoilim

ae capable of Interacting with bovine ribonuclease. Whether this

phenomenon Is characteristic of bovine and human plesambecan only be

determined by additional studies usIng plasmin and ribonuclease from other

animal species and other tissues. Such Investigations are planned as part

of our continuing effort.



8. Inhibition by Ribonuclesse of the Depolymerlzatlon end Hydrolysis of

Fibrin by Plasmin

Studies were continued In ascertaining the role of rlbonuclesse

in preventing the depolymerlzatlon and subsequent hydrolysis of fibrin

by plam.in, In earlier work these investigations were made utilizing

bovine plasmin. In our current program of research on this problem, as

presented In this report, we have been and are continuing the investigation

of the antlflbrlnolytic activity utilizing human plasmin as our fibrino-

lytic enzyme and bovine pancreatic ribonuclease as the source of anti-

fibrlnolysin.

Although the parameters of observation and measurement observed in

studies with human plasmin were the same as presented in our lost

progress report for studies, made with bovine plasmin - namely, the

production and identification of amino acids resulting from pleemin

hydrolysis of fibrin - we have modified our assay procedures in order to

achieve a more physiological system. The modification consisted of

employing a phosphate buffer (O.0311) system for carrying out enzyme

hydrolyses rather then the previously used berbituric acid buffer. The

molarity and Ionic strength of the phosphate buffer used was comparable

to that of the Veronal buffer.

A second modification used was the reduction of the concentration of

bovine pancreatic ribonuclease used as a constant concentration of

Inhibitor from IOOOY/IOO of plamln to 50Y/IOOr of plamin. This modifi-

cation was used primarily because of the fact that a change In our source
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of supply of rlbonuclesse was necessitated due to a discontinuance of

production of this product by the manufacturer. A now source of

ribonuclease was obtained and assay of this material revealed It to be

of e higher quality and purity then that previously used. Investigations

In our laboratory showed that with the purer ribonuclease the ratio of

ribonuclease necessary for complete Inhibition of pl asmin In vitro dropped

from 10:1 to 5:1. This observation In Itself augments the concept of

the highly specific function of rlbonuclease in the fibrinolytic system.

The third and final modification employed was the recording of

changes In mino acid formation by recording changes In optical density

as measured using the Coleman Spoutrophotometer rather then the Klett-

Sumeren Calorimeter.

All other procedural aspects of these studies were Identical to

those reported in our prior progress report covering the period from

Nove e r 1, 1961 through June 30, 1962.

The results of thee investigations have been sumarized in Figure

I.
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Examination of the date obtained In these studies (Figure I) reveal

that bovine pancreatic ribonucleese Inhibits the hydrolysis of fibrin

by human plaomin over a wide pH range. Similar results were obtained

with bovine plmmin.

The one noteworthy difference between data obtained with human

plsmin and that obtained with bovine pleain Is the pH at which optimal

activity wee obtained. With bovine plesmin the pH for optimal activity

of pl5lmmi appeared to be 7.8 - 8.0, while that for human plsmin Is 7.4.

it Is also of interest to nate In this respect that although

rlbonucleese Inhibits human pleamin activity even In the presence of

ribonucleese, optimal enzyme activity for plamin Is still found at pH

7.4. Similar results were obtained with bovine plasmin. This, In our

opinion, is of extreme significance becames the optimal pH for

Inhibition of the depolymerizatlon of fibrin Is approximately 7.8. One

possible interpretation of such date Is that there Is more then one

active center concerned In the function and activity of plmmin: one

concerned with depolymerization of a fibrin clot and the other with

hydrolysis of depolymerized fibrin.

Of equal Importance In these Investigations is the observation that

there Is an apparent lack of specificity with respect to the ploomin

system used. Both bovine end human pleemin are Inhibited by bovine

pancreatic rlbonucleese. Investigation* with other ribonucleeminwould

help resolve this area of Interut.

-9-



If spacies specificity Is not a factor In terms of the fibrinolytlc

system and Its function In cardiovascular physiology, then a major

breakthrough In the realm of the basic phenomenon of blood clotting is

imminent.

Work Is being continued In this part of our research effort in

order to obtain more Information as to the mechanism of fibrlnolysis.

Studies are in process by which we will ascertain the effects of the

variation of the concentration of ribonuclease in preventing the hydrolysis

of fibrin by plasmin. The effects of temperature are also being

Investigated.

Planned for the near future and in conjunction with work now in

process is an examination of the nd products Ismino acids) produced by

plasmln hydrolysis of fibrin in the presence and absence of ribonuclease.

Some Investigations have been carried out but ere too preliminary in

nature to report at this time with one noteworthy exception: whenever

ribonucleas. Is Incorporated into a flbrinolytic system of plasmin end

fibrin we have noted, after chromatographic examination of the hydrolysate,

the absence of several smino acids and/or peptides. These have not been

identified to date.
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C. Investlastion of Dearaded Rlbonuclease on Plasmin Activity

During the past year Investigations were Initiated to ascertain If

the antipleemin activity of rlbonuclease Is a function of the Intact

ribonuclease or a speclfic amino acid grouping or active center In

ribonuclease. Our first approach In this part of our research has

been to determine the effects of mild acid hydrolysis on rlbonuclase

from both the point of view of its enzyme function In depolymerizing

yeast nucleic acids and Its antlplasmln activity.

Acid hydrolysis was accomplished by a modification of the method

of Gordon, at. al. (3), who refluxed protein successfully with 6N

hydrochloric acid up to 70 hours. We conducted the refluxing In the auto-

clave at 1209C and 15 pounds of pressure.

In preliminery experiments 10 mg. quantities of bovine pancreatic

ribonuclease were hydrolyzed In 10 ml. of 6N hydrochloric acid in

sealed test tubes in the autoclave for periods of 20 minutes, 90

minutes, and 120 minutes. Following hydrolysis the hydrolysates were

evaporated to dryness by boiling. The residue obtained was then diluted

with I ml. of physiological saline to give a theoretical concentration

of residue equivalent to OOT of ribonuclease per milliliter of saline.

Aliquots of 0.1 IOOT of hydrolyzed ribonuclease) and 0.2 12000Y of

hydrolyzed ribonucleasel ml. of the saline solution of the hydrolyzed

ribonuclease were then assayed for antiplasmin activity using human plasmin

1lOOY as the fibrinolytic enzyme. The method of assay for fibrinolytic

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.
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The data obtained from these studies showed that all of the

hydrolstes prepared and tested contained no antiplamin activity.

Based on the work of Zol nor, ait.. (4), who showed that hydrolysis

of ribonuclease in the presence of heparin by boiling In 1/60N hydrochloric

acid at *oC for 30 minutes destroyed heparin but did not cause the

loss of ribonuclease activity, we undertook a concentration study of

the hydrochloric acid hydrolysis of ribonuclease. In these investigations

10 in. mounts of bovine pancreatic ribonuclease were hydrolyzed by

autoclaving for 15 minutes with varying concentrations of hydrochloric

acid ranging from SN to 0.01N. Following hydrolysis the hydrolysates

were evaporated to dryness by boiling and deesicatIng under vacuum. The

residue hydrolysates were then dissolved In physiological saline and

essayed for antiplemin activity at p4 7.4 using the fibrin clot lysls

method. The reslue hydrolysates were assayed for ribonuclesso activity

at pN°s 5.0 and 7.4 by methods previously described and usod in our

research (Section A of this report).

The results of these studies are summarized In Tables Iland Ill.

Table II presents the data obtained when the hydrolysates were assessed

for antiplamln activity. Table Ill presents the data obtained when the

hydrolysates were assayed for ribenuclease activity.
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TALE I

Antiplamln Activity of Myvrolyeate
of Acid Hvdrolvzed Bovine Pancreatic Ribonucles

, dlroleate From
Eng~e D1 IN 0.51. 0. IN 0.073N 0.05 O.OIN Control
Systan MCI C I NCI mc I KCI mcIV MCI COTY P1I

Tim of LysIg in Mirtnutes
Ha PI I IOOY) + No No
ydrolysete 11000y) 20 20 20 25 60 LySI Lysis 12

HNen PI (lOOT) + No No
Hydrolysate 12000Y) 60 60 60 60 1200 Lysl LySls !2

(20 Hro)

TABLE III

Ribenuclease Activity of Hydrlvastes of Acid
Ydrolyzed Bovine Pacrleatlc Ribonuclease

Hydrolysates Concentration of S Trumilloi 1260 it

From idro I yeate ON 5.0 .4

I.011 CI IOT 100 100

0.511 MCI lOT 100 100

0.11 NCI IOT 100 100

0.075N MCI 10 100 t0

0.051 M1CI lOT 100 85

Not0.011 NCI IOY 100 Determined
Not01005N MCI lOT t00 Determined

0.001 MCI lo0 80 45

Ribomecliese Control- 101" 30 23
not autocleved
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The date from Table II indicates that hydrolysis of ribenucleese

in hydrochloric acid of more then 0.075 normality resulted in almost

complete loss of the antipiasmin activity of the ribonuclease. This is

of particular significance when considered together with the fact that

regardless of the normllty of hydrochloric acid used to hydrolyze

ribonuclese the enzymatic activity of ribonuclese wee destroyed ITable

ill). It Is Interesting to note that when rlbonuclease was autoclaved

without any hydrochloric acid only 801 of its activity was lost; however,

Its ability to Inhibit plsmin activity wes retained although diminished.

In view of these observations the hydrolysates obtained in these

Investigations were examined chrometogrphically to determine the

differences between hydrolysetes In terms of amino acids liberated from

the ribonuclease molecule. The hydrolyseates were analyzed by paper

chromatographic techniques using a Butenol-acetic acid-water 478-17-5)

mobl Ile phase. The components of the hydrolyseates were al lowed to

separate for a period of 49 hours. At the end of this time the amino acids

were developed using ninhydrin In butanol as the color-developing agent.

The reaults of thee preliminary chromatographic separations revealed

the presence of six distinct mino acids or peptide fractions In

ribonuclease hydrolysates obtained with IN and 5N hydrochloric acid. Only

one amino acid or peptide fraction was obtained from hydrolysetes prepared

by autoclaving ribonuclease in O.IN, 0.075N, 0.05N, 0.01N, or 0.005H hydro-

chloric acid.
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This date strongly suggests that the lose of the antiplasmin

activity of ribonuclease obtained with the IN and !W hydrochloric acid

hydrolysis centers around the five an yet unidentified amino acids or

peptide fractions obtained. Hydrolysis by the methods we used resulted

In the loss of ribonuclease activity with the apparent distinct forma-

tion of a single peptlde or amino acid fraction.

From this date we hae gained knowledge suggesting that the

enzyme activity of ribonucloase and Its antiplamin activity are due to

different centers or entities Inherent In the molecuie. Investigations

are new In process to elucidate the nature end type of centers and

Inherent amino acid molecules Involved.



D. Studies on the Role of H~iarln and RIbonuclease in FlbrInolyVle

Early studies mode In our laboratories on the mechanism of

fibrinolysis in vitro have shown bovine pancreatic ribonuclease to

inhibit the depolymerization of bovine or human fibrin clots by

either bovine or human plasmln £flbrinolysln).

Since heparln has been reported by many Investigators to Inhibit

ribonuclease In vitro and [n vivo (heparin Inhibition of cell

division) and because of the use of ribonuclease for the determination

of the hoperln content of serum as reported by Lorenze (5) In 1960,

we became Interested In the relationship of heparin and ribonuclease

In fibrinolyals. Our Interest was further stimulated by the work

of Gaertner and Lislewlcs (6), who tested the Influence of ribonuclese

on the activation of thrombin and the antithroftin efficacy of heparin.

These Investigators reported that pancreatic ribonuclease Inhibited

the specific antithrombln and anticoagulant activity of heparin,

Indl~ating a possible complementary reaction between rlbonucleese and

heperin In the clotting mechanism.

In view of our previous investigations of flbrinolysis and its

inhibition by pancreatic ribonuclease and the reported role of

ribonuclese and heparin In the clotting mechanism, we undertook a

study of the heperin - ribonuclese Interrelationship in fibrlnolysis.

This paper presents the results of these investigations.
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Methods

All Investigations were made in vitro utilizing bovine fibrin as a

substrate for plasmin. Bovine fibrin clot assay system was prepared by

dissolving In test tubes 5 mg. of bovine fibrinogen in O.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 1.0 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 fibrin

clots. In. these studies heparin sodium was added to bovine fibrinogen

in amounts from I 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 37.50C until the fibrin clot became completely liquefied

(lysed). The time of complete liquefaction was recorded as "lysis time."

Partial liquefaction of a fibrin clot in 24 hours was considered an

Incomplete lysis and recorded as non-lysed fibrin. Any lysis or lique-

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 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 liquefaction 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. Control clots, without heparin,

did not autolyze or liquefy at any of the pH's studied.
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Addition of 50 to IOOY of bovine ribonuclease 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 inhibit 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 ribonuclease 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 obtaining 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 If heparin could reverse the inhibition of plasmin activity

by ribonuclease as previously observed in our laboratories. 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.

In the third group or series of experiments varying concentrations of

heparin were preincubated with a fixed concentration of ribonuclease,
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known to Inhibit plasmin activity, prior to the addition of plasmin.

In the final experiments plesmin was prelncubated with varying con-

centratlons of heperin prior to the addition of an Inhibitory concen-

tration of ribonuclease.

in all Instances the fibrin clot assay described earlier was used

as the test system with the time of complete liquefaction or lysis

of the fibrin clot as the end point. All enzyme Incubations were

carried out at 37.50C for 24 hours. As In Initial studies made with

heparin and fibrin, lysIa occurring within 24 hours was considered

significant. Prelncubations of heparin and ribonuclease and heperin

and plamin were made at 37.5*C for 30 minutes before addition to the

assay system. In all of these investigations 100 microgram of

human plamin, activated by streptokinase, were used. In experiments

with ribonuclease the concentration of this enzyme used was 50 micro-

gras.

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 sumarized for

each I* used and er* presented In the attached tables.

Figure 2 shown the date obtained In studies made at p1 7.0. As

can be noted, heparin exerts no effect on pliamin activity at any of

the concentrations of heperln used. Lyels of fibrin clots In this

system occurs within 30 to 60 minutes following incubation at 37.5*C.
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AS Can be noted In Curve No. 2, however, the addition of 50Y of

ribonuclease Inhibits lysle for six hours with a gradual Increase

In lyals time as the concentration of heparIn Increases. It Is interesting

to note that even at concentrations of 200 NIN units of heperin the

Inhibitory effect of ribonuclease Is still evident. From the studies

made In which ribonuclease was preincubated with heparin (Curve No. 3)

It can be see that low concentrations of hearin enhance the Inhibitory

activity of ribonuclease. Incubating heperin with plasmin at PH4 7.0

prior to the addition of ribonuclease (Curve No. 4) decreases the

fibrinolytic activity of plasmin possibly by the formation of a heparin-

plaumIn complex resulting In more effective Inhibition of piasmin by

r ibonuc lease.

Figure 3 presents the data obtained with studies made at the

physiological p14 of 7.4. As was obtained In the Investigations aide

at p14 7.0 and In subsequent studies made at other p11's, heparin exerts

no effect, Inhibiting or activating, on plasmin activity (Curve No. 11.

However, at this pH It requires more heparin to prevent ribonuciese

from Inhibiting plasmin activity (approximately 50 units as Compared to

20 units at p14 7.0) as evidenced from examination of the curves. Pre-

Incubating hoearin with ribonuclease results In complete removal of the

Inhibition of plasmin by ribonucleese (Curve No. 3), whereas preincu-

bating hoearin with plasmin e114 for ore effective ribonuclease

Inhibition of p151mi activity as found at PH4 7.0.

Figure 4 presents the data obtained with studies made at p
14 7.8. In

these studies data Similar to that of other p14's was obtained with the
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notorthy exception that ribonucleese activity as an Inhibitor of

plasmin is greatly diminished. This could possibly be attributed to

the fact that ribonuclese Is at Its isoelectric pH and consequently

les effective because Its not charge structure Is neutral. Otherwise,

the data is similar to that obtained at pHt 7.4.

Data for studies made at pl 9,0 are given in Figure 5. In all

Instances date at this pH was sim lar to that obtained at pH's 7.4

and 7.8. However, with preincubatlon of heparln and piaemin,ribonuclease

was found to be almost as effective In Inhibiting plasmin activity

with low concentrations of heparin present as was observed at pH 7.0.

This again suggests the Importance of molecular structure, especially

In relation to "charge" distribution and patterns.

Smarv and Conclusions

in summary and conclusion we have observed that heparin In low

concentration (one to ten units) Induces liquefaction of fibrin clots

at p1 7.4 and 7.8, which can be Inhibited by ribonuclease. This

observation Indicates that heprin might be acting as an "enzyme" or

may effect the dissolution of fibrin by molecular Interaction. Further

studies would have to be made to determine the exact mode of action of

heparln on fibrin clots, especially In terms of destabilization vs.

stabilIzation as has been purported by Cseab (7) to be the role of

heparin in the sol-gel changes occurring In blood clotting.
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Our studies also indicate that the antlflbrinolytic activity of

ribenucleemse can be Inhibited by hoearin. The pH studies suggest that

the Inhibition of the effect of rlbonuclease on plsmln by heparin

revolves around molecular structure and charge configuration. At pH's

on either side of the Isoelectric point of ribonuclese, Inhibition

by heparin was more pronounced, although hoaprin still was effective

In inhibiting the antifibrinolytic activity of ribonucleaee at the

isoelectric pH of rlbonuclease, 7.8.

All components of our test system - fibrin, heparin, and ribonuclease -

are highly charged molecules. Neparin's olectronegative charge

Is the basis for anticoagulant action thought to enter enzyme In the

clotting mechanism. The possibility of heparln changing the electro-

charges of the fibrin clot should also be considered. This electrical

Imbalance could be reversed by ribonuclesefs positive charges present

at pHes Ioer than the Isoelectric pH, and its negative load at pHts

more alkaline than the Isoelectric pH, being of least force at the

Isoelectric point of ribonuclease.

Mreover, our data suggests that heparin enjoys a dual function

In the fibrinolytlc system: cmlexing with plasmin on the one hand

and with ribonuclease, an effective inhibitor of plasmin, on the other.

This infers the possibility of a related structural configuration between

plamin, heparin, and ribonuclease. Further investigations will have

to be undertaken to elucidate thes findings.
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1. In jft vitro studies human plamin has been shown to be devoid of

nuclease activity ger sa. It hes been found that both bovine and

human pleemiln apparently enhance the nucleese activity of bovine

pancreatic ribonuclease.

2. The ability of human plammin to depolymerize and hydrolyze fibrin

has been found to be Inhibited by bovie pancreatic ribonuclease

jn itro, Similar results were obtained with bovine plasmin.

3. Acid hydrolysis of ribonuclease results In the loss of ribonuclease

activity at all hydrolysis levels from 0.005N to 5N hydrochloric

acid used. No lees of the antipiamin activity of bovine pancreatic

ribonuclease was observed following autoclaving of ribonuclease at

120C and i5 pounds pressure for i5 minutes In O.OIN to 0.075N

hydrochloric acid. Chromatographic examination of the 0.01N - 0.075N

hydrochloric acid hydrolysates reve~led the presence of an unk-n-

peptide or mino acid fraction. Paper chromatography of hydrolysates

of ribonuclease, obtained fromn auteclaving bovine pancreatic ribonucloase

In 0.IN to 5.0M hydrochloric acid Indicates the presence of six

unknw smino acid or peptide fractions.

4. Haearin In low concentration (I to 10 NIH units) Induces liquefaction

of fibrin clots sans plamin at p11 7.4 and 7.8. iBovin* pancreatic

ribonucletse will Inhibit this effect of heparin.

liearin inhibit the antiplammtin activity of ribonuclease. Th1*i

effect of heparin has been observed to be more pronounced at p14 levels

above or below the ribonucleaise Isoelactrlc pH4 of 7.8.
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