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To gainabetter uuderetandingof the wahan.lem or chynwtmein 

action, a critical evaluation of the role of each amino acid residue 

is needed. Previous rtudies haveindicatedthata serine (Balls and 

Jansen, 1952) and a hlatldine (Weil et al., 19533 Koehlandetg., 

1962; Schoellnrrn and Shaw, 1962, 1963) residue are involved in the 

enzyme action and that methionine (Koshland et al., 1962), lyeine 

(Chervenka aud Wilcox, 19%) and a number of tryptophan (Vlmanatha 

and Laweon, 19613 Wood and Balls, 1955) residues we not eseentlal 

to the catalytic action. In the premnt study, the role of the four 

-sine residues are examined. 

&rly work was inconclusive (Sizer, 1949; Edumn, 1947); but 

recently Glazer and Sauger (1963) iodlnated the C-terminal tyroelne 

of the B-chain and Labouesse et al. (1964) acetylated two tyroelne -- 

residue8 without elimination of enzyme activity. Dube aud coworkers 

(1963) have lndlcated that a tyrorrlne residue Is protected by dllso- 

propylfluorophorphate againet iodinatton. Inour studlee acorrela- 

tlon between activity lore and modification of amino acid residues 

using iodine moaochloride has been utilirted for clarlfylng the role 

of the four tyrosine residuee. The lodinatlon methoda andanlm acid 

saalysee~~thtprocedurwofMcFsrhaa(l~)~M. E.Eomhlaad 

et& (1963). Inaaartofacllitatefheintcrpratafionofthe~~, 

* Remarah earrled out at Brookhaven Eatioml. Laboratory under the 
auspices of the U. 5. Atomla Energy Comirrion. 
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the protdn etart* nuterial was an oxidized chylmtrypeln In whtch 

the “surface” methionine reeidue, 3 residues fFom the active eerbe, 

hadbeenconvertedtothe~ulfo%ide. The preparation and character- 

lwtionofthts enzymhavebeendescrlbedpre~zLou6ly (K.o&landet al., 

1962)anditMllberefemedtohere 8s sulfoxlde-chymtrypsln. The 

aammntof iodine takenqpbytheprotelnwas detenidnedbyradioactive 

analysie of the JF. The annants of ?mmodUled amino acid residues 

rm were determined on the awlno acid ane3yzer of Spachma~ 

& (1956) after acid or aUaUne hydr0lpi.s of the proteia 

Inardertoi~i~theroleofthef~rtyroaines lnchym- 

frypain, the combtnation of "efficiencf snd "aU.0or-none" assays 

~eusedse&ecribdl~~4(Rsycf~,l~;Kosblandsf~, -- -- 

1962; w*aL,1963). Briefly stated, aa"effXciency" atmay 

sens~tivetopartiallyactivc enzyme epecles; conSepaM.y, changer 

inthevalueaofthieaserrymayresult~charrgesinK,and/or 

v7Qe Anall-ommne8erayie desQwdt0 @velMY$ reactivitywlth 

pwtlally active species, but eero reactivity with Inert specIea. 

Valuea obtalnedbyanalJ.-or-mnessraywlll dearease, therefore, 

onlywhen ewymemlecllle6wi~ detectableactivityba~ebeen 

formed. Forthe efflclencysst3ayinthl6 case, theacet@.tyrosine 

ethyl ~~proc~eofSchwcrtand~~(1~~5)wssus~end 

fortheall-or-noneaway, Bender's (Schmbaunetal.,196l) cinna- 

moyllmidazolereagentwat3effective, 

The result0 are 13howninFigurecrland 2. Durlngtheinlti8l 

phases of iodination of sulfoxide-cQmtrypeln only Qwo6ine residues 

are affected. When 3.4 atow oflodinehsvebeentekenuppermlecule 

of chpdryprln no decreaee In aativlty has ocaurred a8 mmmured bJI 

either the all-or-none or the efficiency amap. It ie to be rxhed 

thattheefflclencyaayfor mlfoxlde-chgnaotryp8inglveoavalue 

which lr fi tbt of the native chymtryp8ln. l'blr reflects the fact 
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1. Figure Moaifiestion of amino ma residues on iodbbtion of sulf- 
oxiac-cbymotrypsin. IO 

% pH 8.5, 0” c ana 4 x 10 
nation conditions: 0.2 M @ycine buffer, 

M *chymotlypsin. 
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i2ZE&ta es in Figure 1. 
Loss of activity on iodination of sulfo3fiae-cbymotrypsin. 

The all-or-none assay value is propor- 
tional to the euxmnt of enzyme capable of reacting, i.e. partially 
active enzyme gives the seme reading a8 fd.4 active enzyme. The 
efficiency amay value decreases when partially active species are 
produced, i.e. it3 eensitive to cbaages in Km -a V Ill’ 
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that oxidation of the surface methlonlne increaeee the Ku of acetyl 

tyroslne ethyl ester by a factor of approximately 3 (Korhland et al., 

1962). when 3.4 atoms of iodine have been taken up, approxinmtely 2.6 

tyrosine residue8 have been modified. From theme data alone, there- 

fore, it appears that at lea& 3 of the 4 tyroelne reeiduem in chymo- 

trypain can be iodlnated witknrt rrigniflcant change in either the 

I& or Vm for the hydrolysis of acetyl tyrosine ethyl ester. When 

6.4 residues of iodine have been covalently bound to the enzyme, 

3.4 of the 4 tyrosine residues have been modified. At this stage 

s$of theactivltyaa measuredbythe all-or-noneassayremain6 

and a slight decrea8e in the activity aa measured by the efficiency 

asfmy is obeerved. Ao further iodination occurs, activity is loat 

abruptly ad mdiflcatlona of hletidine, tryptophan and methionine 

residues are observed, 

The fact that no activity 1068 is observed when 2.6 tyrosine 

residues have been modified would suggest that theee residues are 

not Involved In either binding or catalyuls. This conclusion is 

reasonable but It is not unequivocal. It ie possible that a 

methioniPanrU.flcationhasmaahedatyroeine effect, i.e. thatmodi- 

flcationof eithertylpsl.neormethionineaffectB thetertiarystruc- 

tmreinthe samewsyandtheir effectearecompetitiveratherthan 

addAtive. FIowever, since methdnine mbdiilcatlon affects Km only 

elishtly,itcrrnbeconcludsdthsttbreeoithttyrosinesbrrvaat 

moetamizloreffecton I&andmnf2ofthemiee0eentj,al.tothecatal- 

ysis of ester hydrolysie. 

The data suggest furtherthrteventhe fourthtgro8lnerealdue 

ie not earrential for the action 0r taymeypsin. Amming the moat 

fatrem case, Le. fht3reeiduer areiodide exalu15ivelyprlor 

to iodW&ionofthe fourth residue, atlaaat*$ofthe fourth 

residueie modlfiedatapointatuhichonly~ 0r the all-ora3ne 
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amayactitityislost. This couldoalybetruelfthe~ 

sin species in which the fowth tymsine rcsidb3 was iodfnated 

still retained apgweciable act%vlt~ 

As iodination of tyrosine residues is increased there is a 

noticeable effect on the effioiency amay. !l!his is mnflmed by 

a eeparate kinetic study (cf. Figure 3). A ~hy~~~msin papsr% 

T- 

6.3ATOMSI/ - 

-0.25 0 0.25 0.75 1.0 1.25 I.50 
,/s x lo-' M-1 

Figure 3. Determillstion of Mlclmelis coimtsnts for iodlmted ahym- 
trypein samples. ATEEwaa u6edasasubetrateandassaywar done 
with a pH stat. 

tion wbicb conta%ned 6.3 atoms of iodbe per d-e brd an 

~ein~byafrctorof6wi~anychanecinfheIprud- 

man vdoaity. The chymo~sln preparation con- 8.6 

atomrrofIparlloleculeof~~~1Y)~~L~ 

~butrrhowea~~ebJrafscforofporefbrn2intbeV,. 

This decrease In Va correlate8 w%th a loos in the all-or-mne 

acthfty and the iOd%na~on of hiStidlne. These data lmUcate 

tWtmdifkatianofatleaat1ofthe 4tymsinereaidue6prob- 

ably results in a chmge in Km. 
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In eny lnodAflc8tlon leacling to little lose in activity, it nluet 

be con8ldered whether the psrticular property of the residue which is 

essential to the catalysis has been diected. Thtm it is poreible 

tlaattyrosineplap3 an et3aential.rolebut thatiodhatlonbas not 

mdifhd the property of tyroslne responsible for Its function. Mono- 

iodin8tion changes the pK of the plmnolic hydrogen by about 0.8 pK 

units and dilodlnatlon by za pK ulxtts (Gl3lmal, 1954). An iodine 

ofL7~forthebensenerhg. Thw ioUnat,lonbt~ adramtic effect 

on the polartzstionof~the electrons lntyrosine andon It6 p&s&al 

size. It 8~ improbable that these changes leave the essentLa3 

tyroeine~ie8\maltered, andtherefore themoetplausible 

hypothesis to explain the actiyity of tyroelne modified enzyme is 

fbstnoneofthetyroainercsi~espcrionnan eseentialrole inthe 

cataly~i6 of ester hydrolysie by chymotrypsin. 
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