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Activation of hwwm ~bystrept&inasehasbeenextensively 

still&Lea (Jujeersig et al., l~~;KlineaadFisbmtm,l~;MmusandIhtbrus, 

1960; lhllertz, 1955), but the chemical sequence of events which occurs in 

the titeracti~ofthesepteins sndtbe physicalandchsmical properties 

oftbe reactionpro&wtshavenotbeenelucidated. ktlessttwo enzymstic 

activities sre generated when strepkkisase aud hwnen plsminogen react. QE 

is an activator of a species of plamuinogen, such es bmined m, 

u?2ichisrefractorytoactivationby streptokiuaseaUme(AblondiandHspau, 

19%; Mullertz, 19%). Ihe other is plasmln, a ptedytic enzyme which 

hydrolyzes flbrinand casein. Both enzymeshy&dyze basic au&m acid esters 

(AblOUdi and B@Dj 1956; Alkj8elWig at rrl., 1958; Kline snd Fiehmaaj 196lj 

lklwus ala Anbnur, 1960). 

We have been studying the interaction of stnptokinaee and human plse- 

minogenatdeilnitemolarratios~inghighlyprriiicd~~irmsofbotb 

proteins in systems containinginhibitorsofpl~ activation and of 

plaanh lhis collmnvlicstiondescribesthereeultsoful~~~ and 

star&-gel electxophoresis expelamts which demonstrate the ionnation of 

areactian~ctrrhichappearstobeenequlmolar~exofstreptokinsae 

Ia. pl-- 

Forultrscentrifuge expsrimentsplslnninngen(KLineandFi~, Ml) 

and streptokinase (unpublished) were dlsealved in 0.1 M pbosphats buffer, PH 7 .5> 
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containing 0.01 M di-isopropylpboephofluoridate (DFP) aud/or 0.1 M 6-amino- 

caplroic acid (6-ACA). Centrifugation w88 carried out in double eector cells 

sothatthe sampleunder atudysndthebufferbaselinewere eimultaneously 

recorded. !lbe eedimentation pfbttern of each protein was deliembed indivi- 

duallyandprotein concentrationswere calculatedfIuntbe areasunderthe 

curvea. Schlierenpatterns showedahighdegree ofhauogeneityforboth 

proteins. Under the conditions of these experiments 9" valuee for strepto- 

kinaseandpleminogenvere approximtely3.Oaud4.3respectivel.y. Mixtures 

colaprising definite lmlar ratios were then anslyeed. b4alecuUar weight deter- 

minationsbysedimentationanddiff'ueionwere foundtobe84,OOOforpla6- 

mInogen(BxvieeandB@m-t,1960) end47,OOOfor strept&inase(unp&l.iabed). 

-eQuimdLar nuxtures were examinedanewproductwith an Sofabout5.2, 

wfiichaccauntedforthetotalprotsiapresent,wssob~edirr~~scantain- 

ing6-ACAaloneor6-ACAendDFP. Rlgure1ahovsthe s&l.ierenpattermfor 

m, hre~ina6eandsnequimalarmixture ti 0.1Hgloephate buffer, 

containing 0.1 M ~-AC% !Jhemolecularwe$gbtofthe productwas foundtobe 

about130,OOObytbeYphaatis equilibria -tation method (ypaantis, 1960). 

Ineither sy&em*en the 8trept&inat3e-plaea&ogenmolarratiowrrs2:1the 

schlie.ren pf&tern revealed tw peaks which were resolved into a 3 8 ixapnent 

and a 5.2 S canment. rme~aofthesmaller~~tcanpletelyaccormted 

forthenmlarexcessof6izeptokina8e. Whenthe etreptokinase-pla 

rstiowse1:2the~t~~observedinbuiper containing6-AcAaloneuas 

reeolvedintoa4 S canponentwhichaccountedforthemolsr exceee 0fplamWogen 

anda5.3Scamponentcorre6pondimgto the reactiongmoduct. Furunknown 

reasom, withbothDFPaud6-ACApreeentthe pattern couldnotbe readily 

re8olved l&en plw was in exce88. 

*Svaluesreportedexe at2OOCinthebuffer system describedandhavenot 
been extrapolated to zero concentration. 
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plgure 1. schlieren pattelnE of streptokinase, plarnninogen and 
t?imixtureOfStreptokinsee.and~ at a 1:l moler ratio. 

conaitlone: ~togrtt~takenaft;er72minutee at52,64Orpn. WlFper - 
0.1 N ~aphate, pa 7.5, 0.1 Y 6-ACA. 

(a) Plsaminogen, 0.41$, 20°C sa = 4.1 

(b) Streptokinase, 0.234, 20°C Sm = 2.9 
w at a 1:l molar ratio, 
sm = 5.2 

pbr starch-gel electrophoresia experiments etreptdtinase and @samimgen 

were diat3olved in trie buffers containing varytug concentrations of ~-AoA over 

awideplirange. Ihe buffer ccaposition of the gel was similar to the reac- 

tionmixture andelectrophoresieuas camiedoutataeversl pH8. Streptokinase 

ZXldl3lM&X@eIlWre!-ndindiviWandin mixtures of varying molar 

ratios. pzs~re 2 ahow~ a schematic representation of retits at pi 8.4 in 

0.4~6-AOA. ~la~enappeam~k&wogeneo~ consietingof several ccmpo- 

nents inaboutequal concentraticm*ereas &reptokinasewaa essentiallyhano- 

geneous. Ilhepstternobservedwithplacppinosen~~wae&~tuponthe 

pH of electrophoresis and to a lesser extent on the 6-ACA concentration of 

the gel. etween PH 4.5 ana 6.0 ~asplinogen migratedeasentiallyaa ane cam- 

ponentbutatneutral or slightJ.yelk.aline pH several distinctbandswere 

observed in adiffusebackground. At pH 2.3, 6-ACA concentration 0.04 M, 

pl~inogenmigratedasasinglemaj~componentwlthsevercil~tracecompo- 

nente in evidence. A satisfactory explanation for these findin@ is lacking 

but it is amatterofiutereet that the plasmiaosen preparations appearedhauo- 

geneous in the ultracentriruge at @I 3.0 in O.llV IVaQ and at @i 7.5 in O.lM 

phosphatebuffer containing6-ACA. 
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Figure 2. Starch-gel ELectro@xetic PBtterna of Streptdcinase, 
l?lasminogen and Reaction Mixtures of Stre~insee and l?lmen. 

l2onditions: Gel and protein st@Lee in 0.4 M ~-Ac~L, 0.015 M tris, 
pH 8.4; Electrode buffer - 0.05 M trie, 0.07 Mboric 
acid, PH 8.2; potential - 17 volte per cm.; Duration - 
4 hours; (a) &Q%minogen (b) etrepttikina8e (c) strepto- 
kinase-plasminogen mixture at a 1:l molar ratio. 
(a) streptokinase-pen mzlxhwe at a 1:2 molar 
ratio (e) etreptokdnase-plamninogen mixture at a 2:l 
molar ratio. plaeminogen concentrationuaskept constant 
andtbe streptakinaae concentrationwasvariedtoproduce 
the desiredmolar ratio. For purposes of clarity, very 
faintprotein~espresentinthestreptokinseepaspars- 
tionbavenotbeenahovn. 

In epite oftbe ananaloua result8 deecribedforplasminogen, Figure 2 

share that an equimolarmixture of streptokinase andpleaminogen, subjected 

to electrophoreeis, revealed anew zone with amobility intermediate tobotb 

proteins. Furthermore, esaential.l.yaU oftbe stainable proteia in the 

plasminogenpreparationreactedwith streplakinaee. Weneither cauponent 

was in excess of a 1:l molar ratio, an excess was observed with its expected 

mobility. 

Uhenovalbuminwasaddedtoareactionmixture it migrated with ite mmal 

mobilityanddidnotinfluence themobilityoftbe streplioklnase-r;len 

reaction product. Signiflcantly,vhen6-ACAwa8 abeentfrantbe gelbuffer 

the reaction product zone was not seen nor was intact plaeminogen or strepto- 

kinase inevidence. In the absence of 6-ACAlittle of the stainable protein 

present in the reaction mixture was accounted for indicating that extensive 

breakdown occurred. 
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!che! reaction paPduct had a aimlse appearance *en electrophoreels was 

carriedoutatneutrslorslightlyalkalinepHandineame experiments 

discrete sones couldbe seenwithlnthediffusearea. Whenelectro~aie 

was CarrledoutatpH 5.0~6.othe reactionproauct sane appearedtobehaw- 

geneous,parallelingtheapparentinerea8ein hamgeneiv of the pllaWmgen 

observedunderwesklyacidic conditions. 

Inthe experlnentahouninF%gure 2~mstainedsliceofgelwss cut 

tranmersely in 2 pm. segments and enzymatic activitiee were detemined in 

eluates fkan each section. * fKl.m econ~ca8einorplrifiedbovine 

flbrinogen(~8tr;$landW~en,1~)sndflbriniilmemadeAolpBuch 

flbrinogenaervedas BubetrsteseitherriLoneorinthepneenceofbovino 

plsemipogen. Ebr a 8emi-quentitative canpmisan dilutions of each eluate 

inO.1M@msphatebuffer, pE7.5, were addedtothe surface of the substrates. 

Afteraperiodofincubationtbe dimeterofa clesr zone of lysiegavc a 

measure of enzymatic activity. ELuates frcfa the reaction product sane dis- 

plsyedactivatoractivity (activitywith substrates containingbovine nf- 

gen) at dilutions at which proteolytic activity (activity in the absence of 

bovineplsemiaogcn)va8notdetected. 

!Jbe data presented above demcmstrate that 8treptokinase ana pl.mdwgen 

react at a 1:l ll~olar ratio in the presence of 64~1 to form a prcduct tii~h 

ha6amdLecularweightappwdnu3tely equaltotheswnofthelnolecularweighfs 

ofthe individual~~iasandaniLectrophorcticnaobilityintermediateto 

that of the two proteine. 6-ACA is appmently essential for demmstratiun 

of the gaxduct at pH 8.5 elnce in it8 absence the pproduct was not observed in 

stsrcb-gel electrophoresie. Eluatesofthereacti~~ct~eobservedin 

starch-gel eletdmpbre 818 dis@qwd activator activity at concentration8 at 

which proteolytic activity was not detected. 1twoulabe plwlllam to con- 

cludethatthe complexis infactthe activator enzyme. Itseemsreasonable 

however, to suggest, as a working hypothesis, that the observed reaction- 

product represent8 811 intenncdiate molecular specie8 in the formation of the 
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activator en&p?. lhefactthathighlypudfled~ Sppaecad ZQUlti- 

czaqmentatslishtlgalkaline pHbut nalefiheleae qlantlt8tivelyre8ctedti~ 

Stre~onaTl~ basis fbrther suggests the existence of sever8l 

molecular fknms of B. A similar conclusion was reached bya- 

lnvestig8tors (~and~~g,1963)~thebasisof~ectrophetic 

data. 

JHi8llSsndiurthcr tm@.icat~ of these studies will be plblished 

fm==teu. 

AblornU,F.B.andEn~an, 
414 (1956). 
jQ-warffig, m-2 =-a 
Bargstraa, K. enaTlldlen, 
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