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TheoxidizedBchainof insulinwasusedasa sin@emdelforfurther 
considemtion of limited proteolysis with low substmte:enzyme ratios. With 
la~Bchain:trypsinratios, theo&i.narilyslowercleavagerateofthe 
-Lys29-Ala30 bond essentially equaled the cleavage saturation rate of the 
-Arg -Gly bond. Thisledtothedi~p~eafoctapeptide~h~- 
aril$2f~3s0st rapidly. Heptapeptideardalanine, fmmedminlybycleav- 
age of the octapeptide,decmased sanewhatathigh enzyme relative levels. 
TrypsinaddedtoBchainfonnsdasinglechrunatographicpeak. 

INTROIXTION 

Thisstudy~initiatedasanextensicnof~kwitha~vybeancan- 

pnsnt (1) thatvaries inmtease specificinhibitingcapacityaccc&ingto 

the ease withwhichvariws substrates are cleaved (2, 3). The oxidized 

Bc~afinsulinwaschosenasasubstMte~elf~furtherexaminatianaf 

differentidlinhibitionsincetrypsinhyQlolyzes~y.twobondsoftheBchain 

and cleaves ths -Arg22-Gly~3 bond (forminganoctapeptide and Bchaindesocta- 

peptide) more rapidly than the -Lys26 -Ala3o bondofthe octapeptideis cleaved 

(4-6). Alains is ths C-terminal residue. Although the inhibits magnifies 

the difference in these cleavage rates, it retar& both. As a first step, 

additiondldetails~scughtregardingcleavageparternswithvarying~ts 

of uninhibitedtrypsin. Therasultsobtainedwiththismodelarere~~. 

Attentionwas givento lowsubstrate:ensyw reties since theyareof interest 

undersubcellularconditions. 

~~~~:NPGB,pni~p~ylp'-guanidirPbenzoate;TPQ(-~sin,trypsin 
-tedwith Lttosylmido-2-phenyl) ethylchlomne 
active enzymemlarratio. 

thy1 ketone; S:E, sub&mate: 
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M4TEm AND METHODS 

Reactionpmductswere quantitatedwithan minoacidanalyzeressentially 
acax&jgtotheprocedm?ofwa@andCarpenter (5). Tkx?esinafthechmma- 
togmphiccolmnwasAninexPr5 @io-F&d Laboratories). Pyridine forthepre- 
parationofpyridimacetate buffers was purified byglassdistillationof 
analyticalgrmdepyridine afteradding 3 gofninhydrinperliter. Thenin- 
hydrinsoluti~~n~dimethylsulfoxidewas~~~toMoare 
(71.withreagents obtained fmthe F'ieme Ckmical Cmpany. Trypsin treated 
with L-(tosylamide P-phenyl) ethyl chlorcmethyl ketone to inhibit any residual 
chymolxypticactivity (TPCK--sin) waspurchasedfranthe WrthingtonBio- 
chemical Pmporation. BovineoxidizedBchainofinsulinwaspurch%edfmn 
BoehringerMannheimBicchemicals. ThemolarityofactiveTPCK-trypsinbased 
on mole+ar weight of 23,800 (8) was determined by the p-nimhenyl, 
p'-guar&imbenzoate (NFGB) titration metlmd of Chase and Shaw (9). The comen- 
lzation of the m is arpressed (except as noted) as the active form which 
was 63.5% of the total trypsin. 

The concentration of insulin B chain was 0.5 micramles per ml of reaction 
solution in all cleavage experiments. The substrate was dissolved in 0.1 M 
Tris lxffer, O.OlM CaC12, pH 8. TPCK-trypsin was dissolved in 1mM HCl, 0.01 
MC&l inanicebath. Aliquots (200 to 500 ill> m Fmxnpt1y transferred to 
12 xl~Omntubesandeachimnediatelyfrozen inanalcohol-dryice bath. To 
one of these frozen preparations an appro&ate volme of diluting l&i HCl was 
added. As soonastk enzyme solutionmelted,thediluted~sinwasmixed 
and 500 ~lwere placed in a 12 x 100 m tube, put in a 30° bath, and rocked 
continuously. TM minutes later 500 ~1 of kffered substrate were added frcfn 
amicmsyringe. Onemimte laterlmlof 0.2 NHClkas added to stop there- 
action& the smplewas frozen inanalcobl-dryice bath. It was kept 
frozenuntilanalyzed. Eachtrypsinaliquotwas treated inthismnner. One 
ml oftheacidified solutionwasused for analysis ofthecleavagepatternwith 
the alllim acid analyim?. The chmnmtographicpeakswereintegrated bynulti- 
plyirrgtheheightofapeakbythewidthethalftheheight(10). 

RESULTS 

~peptideandalaninepatternresultingfranthelimited~lysisof 

ths oxidized Bchainofinsulinby TFCK-trypsininthe substratetoactive 

enzyme molar ratio (S:E) range of 0.5 to 600 is sbwn in Figs. 1 and 2. With 

S:E = 600, there was enough enzyme to produce in lmin (at 300 and pH 8) an 

appreciable amcmntof octapeptide fmnthe cleavage ofthemzerapidlyreact- 

ing -m224YT3 bond,f*ltonly~e~~tsofthe~tapeptidean3alanine 

farmed as the result of the cleavage of the slower reacting -Ly~~~-Ala~~ bond 

of tk octapeptide (Fig. 2). The effects of increasingthe enzymeare shown 

inFigs.larrd 2. Theyieldofoctapeptide kmeasedandthendecreased 

appmachbg zero at S:E = 10. Theheptapeptideandalaninereach&maxGnaat 

sanewhat lower S:E ratios and then decreased mderately. 
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The octapeptide, heptapeptide, and alanine pattern resulting Fig. 1. 
fxun the proteolysis of 0.5 mimanoles of thz oxidized B chain of insulin 
permlbyva??yingamountsofTFCK-trypsin. F!mteolysiswas comhcted fml 
min at 30° and pH 8. Integratitm values were calculated fiwn amino acid 
arEllyzer charts. Onemlof~~tasandlyzedafteraddinganequdLvolume 
?f 0.2 N HCl to the reaction solution to prevent furtkr cleavage. 
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Fig. 2. Contracted subs~te:enzymeratio scale showing the effects of 
snalle?? amunts of TPCK-trypsinon the peptideandalanine patternresulting 
fmn the pmtoelysis of 0.5 micramles of the cxidized B chain of insulin per 
ml dicn, lmin at 30° and pH 8. Integration values were obtained as deecribed 
in Fig. 1. 
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Autolysis of TFCK-trypsin during one minute incubation was detennined by 

NFGB tilzation (9) in a manner cmparable to that of B chain cleavage except 

that100 ~1ofpH 8 kuffer inplaceofkuffered substratems added to100 ~1 

of TFCK-trypsin. The reaction was stopped by NFGB in place of 0.2 N HCl. 

ThreemlofpH8.3 lmffer @artofthetitrationprocedure) wereaddedto 50 

~lof O.OlMNFGB 20 set before anyenzymaticreactionwas stoppedbyadding 

the kufferedNFGB. Titrations of incubatedkff&TBCK-~sinwerealter- 

nated with tieations of the enzyme in 1 n@l HCl. In ten titretions, with the 

pH 8 LufferedTBCK-trypsininthe same concenttxtionsas incleavage experi- 

merits with S:E = 1 (0.5 micranoles ml") average autolysis in one minute was 

2.8%, which is within the range of experimental ermr. In the same series of 

experimantsalO% decrease inthepravidedTPCK-bypsin in1mMHCl yielded 

titmtion values in good agreemmtwiththe amomtof enzym employed. 

Attempts were made to measure theresidualuxleaved Bchain. TICK--sin 

alone konditions as in cleavage experiments except that 0.2 N HCl ard then pH 

8buffer~~~toTPCK-~sin)emergedfranthec~~p~ccolumnas 

asharppeak. The Bchainalone (conditions as incleavage experiments except 

thatlmMHCls&stituted for TFCK-b-ypsin) emergedwitha considerablyboader 

basecenteredatessentiallythe sameelutionvolumeas theTFCK-trypsin. In 

eachcleavage experime.nt,a single symetricalpeakmsobserved. WithpHand 

pyridinegmdients onethirdasgreatas usual,the seeminghunogeneityofthe 

peaksdidnotchange. WhenTFCK-trypsinandBchainwereixmbinedwithoutpH 

8 incubation (0.2 N HCl added to the reaction tube prior to the mtants 

prcducing a final pH of 1.2 with no octapeptide, heptipeptide, nor alanine 

fonaed) a single sharp peak also resulted with S:E mtios of 20 or less. The 

integration (chrcmgenic) values of the camDn peaks of unincubated (at pH 8) 

enzyme plus substrate were considembly less than the sums of the chrumgenic 

values of the reactants alone. But the weight fractions of total TPCK-bzypsin 

(active plus inactive enzyme) in the enzyme plus substrate canbinationsagreed 

wel.lwiththecaresponding integration fractions (Table I). Inthevery low 
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TABLE1 

WEIm AND CHR-C lMZRATIONVAluEsOF‘IHEOXIDIzED 
BCHAINOFINSULINMIXEDWITHBLKUNUEAVEDBYTFCK-TR!GSIN 

S:E Total 
aypsillb 

Insulin Trypsin 
nKd.a?? 
MtiOd 

Bchain Trypsln+BCham 

n\g/d s/d wt Integmtionc 

1 18.74 1.83 .9ll .912 

2 9.37 1.83 .837 .821 

5 3.75 1.83 .672 .650 

10 1.87 1.83 .505 .528 

15 1.25 1.83 .406 .426 

20 .937 1.83 .339 .a31 

E- te:active enzyme molar mtio. 
&ktive plus inactive TPCK-trypsin (63.5% active). 

' w plus substmte fomsd a single peak. 
~~lconditions~asdescribedinFig.l~eptthat~enzymeand 
the substratewereaddedto 0.2 NHCl(inplaceofthereverse) topl?everrt 
cleavage. 

S:E~e,theweigMoftlreenymewaslrmchgreaterthaneven~initial 

weightofthesubstI?ateUabl.eI). Theac~cyof~~changesinthe 

residualsubstmtec anponents of the enzyme plus sub&rate elution peaks of 

cleavageexperimentswasnatconsideredtobeadequatefarmeaningfulquanti- 

tation. 

Incleavage~~tswithhighenymeco~~t~~,minm?~l 

clwanatcgriaphicpeaki3ap@aredthatmtchedpeaksobtaimdwiththeawres- 

por&ngenzymprepamtionalm+. Nopeaks~detectedthatcouldnotbe 

a~~t~toei~theusudlcleavageproductsarenzymeimprrities. 

DISW3SION 

Ashcirtremtiomtime(withtheenzymec~ tion as the only variable) 

wasusedinthisinitidlstudyinordertof\n?therexamine~eproduct~~ 

overan~~range~thparticulQIattentiontothedetailsofthepattern 

wi.%h 1~ S:E ratios. Lcmgerreactiontimeswalldbeexpect~toshiftths 

arryesofFigs.land2totherigMartheo~~patternsmightbeBcpected 

. WithIxlqmhm tely~rwcticmtimesarddecreasedenzymeconcenbw- 
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tions. The mutt pattern varied fian all octapeptide at a high S:E mtio 

to all heptapeptide and alanine at a range of low S:E ratios. As the enzyme 

C increaseddths saturationrate ofarginylbrd cleavage was 

reached, the octapeptide was converted to heptapeptide and alanine as rapidly 

astheoctapeptide famed. The production of large amunts of heptapeptide and 

alanineintheabenceofoctapeptideoccumed over at least a ten-fold range 

oferzymcorm.nlzations. In principle, sixilar events xould be expected in 

general in limited pilcloteolysis in which bond cleavages occur at different mtes 

resulting inproductsthatserveas subsequent substrates. Whether given 

enzymesandsubstrates (includingenzymesassubstrates)reachlocdLsubcelluLar 

conlitions inwhichsfms cleavage~tesaremiximalmightbedifficultto 

deteminewitbutdesmzyingt~ originalcell~larconditione. 

Theelutionof TPCK-Wypsinand Bckinasa single sharppeaksuggests 

thefam3tionof asanewfiat stablecanplexunderthexeactionaxVorchmm3to- 

grVlpCcconditionsandhighemymeconcen trations. 

Autolysisoftienzymewasconsideredasapossible causeofthereversal 

oftheheptapeptideandalaninecurvesathighenzyme concentmtions even 

thoughtkoctapeptidecurveremainedas zem (Fig.1). However,autilysis in 

oneminutewasmtfoumitobesignificantwiththeenz)mealomatpH8ard 

300 inths sane corxxn-irationas incleavage experimentswithS:E = 1. The 

deumse in octapeptide and its fixnl disap&xwance is considered to be, in 

large part,dueto its conversionto heptapeptide and alanine; bwever, prior 

toreaching zero, the octapeptidedecreasedmrempidly thanthe heptapeptide 

ureased Peptidebonlf~~nwithhighenzymec~~ti~deserves . 

investigation. It weld he of interest if the heptapeptide or octapeptide 

jo~t~Bcchaindesoctapeptideurderthe~imentalccaditions. Sincethe 

B chain ccmponents of the -te plus enzyme chxun3tographic peaks were 

overshadawedbytheenzynaecanponentsofthepeaks,other~~~ approach- 

estothsquantitationofthe substrate (crmdified subsb~te) will be 

fmployed. ItisnotassumedthatconditianssuchaspH8~300wereaptimal. 
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T'hedifferential~nondifferential effectsofvarious inhibitors on 

dleavagepatterns canbe furt2rerexaminedwiththeaid of this backgmumi. Per- 

haps greater interest lies inkinetic and themcdynmic considerationsofun- 

inhibited subcellular limited proteolysis of various &xegulatms and apgzo- 

priate nmdels. 
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