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The relative rates of chymotrypsin catalyzed reactions with water and with glycinam- 
ide differ for benzoyl-l-tymsine ethyl ester and benzoyl-l-tymsine glycinamide. 
These results indicate that a cornnun benzoyl-l-tyrosine-chymotrypsin intermediate is 
not formed from both substrates. 

The e&erase and peptidase activities of trypain can be affected differently by 

chamical modifications of the enzyme (1,2) suggesting possible differences in the mechi 

nism of hydrolysis of the two classes of substrates. Formyl trypsin, for example,can 

exhibit 3% of the e&erase activity of the native enzyme while showing no activity 

against peptides (1). Another difference between the amidase and e&erase proper- 

ties of a proteolytic enzyme is the sign of the Hammet rho constant for the chymo- 

trypsin catalyzed hydrolysis of O-acyl phenols and anilides (3). The kinetic proper- 

ties of trypsin and chymotrypsin are very similar, even to the extent of hydrolyzing 

nonionic acyl enzymes with the same rate (4). Chymotrypsin is the more thoroughly 

studied of the two enzymes and the formation of an acyl chymotrypsin as an interme- 

diate in the enzyme catalyzed hydrolysis of esters has been well established (S].This 

mechanism is generally accepted to be applicable to all chymotrypsin catalyzed reac- 

Urns, although some evidence against it has been found for the synthesis of hydrox- 

amic acids (6). If amides, which are poorer acylating agents than esters, did not 

hava to pass through an acyl enzyme intermediate during enzyme catalyzed hydrolysis, 

it could provide a basis for explaining the separation of e&erase and peptidase 

activities in chemically modified pmteolytic enzymes. 

One of the properties of the acyl enzyme mechanism is that a common inter- 

mediate is formed from a series of substrates with the same acyl group. If the 

enzyme catalyzed reactions taks place in the presence of water and a second 

nucleophile, the common acyl enzyme intermediate would give the same 
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relative rates of reaction with water and with the added nucleophils. In agreement 

with the thsory,an identical fraction of a series of hippurate eaters is converted 

to hydmxamic acid in chysotrypsin catalyzed reactions in the presence of NH2OH (7). 

Experiments using ssthanol or ethanol as nucleophilms also gave results consistent 

with ths acyl enzyme theory (B). A  special case of this type of experiment arises 

when one uses a nucleophile which is the sass as ths leaving gmup of the substrate. 

In this case the relative rates of reaction of ths added nucleophile and water can 

be calculated fms the inhibition of the rata of hydrolysis in the presence of the 

added nucleophile; pmvided that acylation of the enzyme is rate controlling. Using 

hydmxasic acid substrates, with NHgOH as the added nuclsophils, general agreesent 

with ths acyl enryss hypothesis was found (9) although discrepancies were observed 

at high substrate concentration (10). It is the purpose of this rrork to test the 

acyl enzyse theory in a sisilar wanner using an aside, benzoyl-l-tymsins 

glycinamide (BTGA)~ , as substrate, which is sore stable than a hydmxasic acid; and 

glycinaside as the added nucleophile, which has only one nucleophilic gmup. Even 

in the presence of the highest glycinaside concentration used (0,2 El) 95% of the 

aside would be hydrolyzed at equilibrium at pH 7.90 (11). Ths chysotrypsin catalyzed 

reaction of BTGA with glycinandde has been demonstrated by isotope exchange studies 

(12) and the inhibition of the enzyme catalyzed hydrolysis of BTGA by glycinamide 

can be accounted for by this reaction (calculated from data in references 12 and 

l.3). We wish to comare the relative rates of .<wzhymotrypsin catalyzed reactions 

using bsnseyl-l-tymaine ethyl ester (BTEE) and BTGA as substrates in presence of 

the nuclsophiles water and glycinnmide.In experiments with BTEE, enzyme concentra- 

tions and reaction tisea were chosen sc that BTGA would be a final pmduct. With 

sore snryse or longer incubation tises the rate of hydrolysis of BTGA can be 

111BBSUMd. 

MATERIALS 

3(-chymotrpsin, 3x crystallized, lyophilized and salt free, type II (Sigms Cbm. 

QJ., Lot g-1690) was purified by gel filtration on Sephadex G-25 and used within 

a few days {14). Results with this preparation were essentially ths ssrns as with 

ths conunsrcial preparation. 

1. Abbreviations: BTGA, bsnzoyl-l-tymsins glycinaside; BTEE, benzoyl-C-tymslne 
ethyl eater; ET, benzoyl-l-tymsins. 
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Glycinamide hydrochloride (Pierce Chem. Co.) was recrystallized from hot methanol; 

neutralization equivalent, 110.3 (calculated 110.5). 

Senzoyl-L-tyrosine ethyl ester (BTEE) purchased from Mann Research Labs. was 

recrystallized from methanol-water. Hydrolysing the ester et pH 7 in the presence 

of chymotrypsin gave a stereospecific saponificetion equivalent of 313 (calculated 

313). 

Benzoyl-L-tyrosine glycinemide (STGA) was prepared by reecting 8TEE with 2 M  

glycinemide et pH 7.9, 30 $I methanol in the presence of c*chymotrypsin. A  white 

precipitate formed on the eddition of 8TEE which later dissolved end subsequently 

another white Precipitate formed. The BTGA was isolated as previously described (12); 

m.p., 21&217O (reported, 215-217O (11); N 12.2 $ (calculated 12.3 $J). 

Benzoyl-L-tymsine (ET) was purchased fmm Cycle Chemical Company end recrystallized 

from hot water; neutralization equivelent 284 (calculated 285). 

Acetonitrile was purified fmm a Matheson, Coleman and Sell practical grade product 

as previously described (15). 

Tris buffer was prepared fmm Trizme Base, reagent grade (Sigms Chemical Co., Lot 

18B-5070). 

All other products used were enelyticel reagent grade and the water was distilled 

in a glass apparatus. 

NETHOOS 

The enzyme catalyzed reactions were studied in 0.10 Id Tris buffer, pH 7.90; 

ionic strength, 0.25 M; 20 $ ecetonitrile et 25O. 

A radiometer titrimeter wes used for pH measurements end titretions. The instrument 

was standardized with buffer at pH 7.00. Ultraviolet ebsorption measurements were 

done with a Gilford Model 2000 spectmphotometer. 

The fraction of BTEE hydrolyzed in the presence of glycinemide was determined 

by titreting the cerboxyl gmup liberated. 1.5 ml of solution were reacted at pH 

7.90 and the PH mainteined within 0.1 units by the buffers. When the reaction was 

coqlete,es indicated by the failure to detect ester by the hydroxatnic acid test 

and the fact that th8rfa was no further rise in oarboxylic acid titer (at higher 

enzyme concentrations there was a slow rise in titer due to the hydrolysis of 

BTGA snd a correction of less than 2 $ wae made for this in the calculatione),the 

solution wae adjusted to PH 4.6-5.2 by the addition of 5N li1Z1 from a micrometer 

driven syringe. The pH was then lowered to 4.50 with 0.02 M m;l and the amount 
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of acid needed to low8r the PH fro8 4.SO to 3.00 was then accurately recorded. 

Within thee8 pli lim its 71% of BT is pmtoratdas d8ternin8d from tk hydmysis 

product of BTEE in the absence of glycinamide ae well as from BT itself. Blank 

runs, without substrate, took up 1.5 pn~les of acid and w8re independent of the 

presence of BTGA, BTEE or chymotrypein. Boarate blanks were run for eeoh 
glycinamide concentration used and they varied by a few percent. The amount of 

acid used for the blank runs corresponded to about 20 $ of that used in measuring 

the production of BT. 

Bates of BTGA hydmlysio both in the presence and absence of glycineunide were 

umasured by observing changes in the optical density at 267 my, which is the Peak 

of the difference spectrun, between BTGA and BT; BT having a 2196 higher extinction 

coefficient than BTGA at this wavelength. Beer’s Law waa obeyed in the concentra- 

tion rang8 studied. A  substrate concentration of 5 x 10% was used in both 

.sanple and blank cuvattes. At z8m time, enzy88 wa8 added to the 8a8Ple cuvette 

and initial velocities were obtained fmln the hydrolysis of about 10 $J of th8 

eubstrate. 

TABLE 1 

LXNPABISON OF FRACTION OF ESTER HYDROLYZED WITH INHIBITIW OF BTGA 
HYDROLYSIS IN GLYCINAMIOE SOLUTIONS 

pH 7.90; ionic strength, 0.25 M ; 2O$ actatonitrile at 26O 

Fraction of edxw hydrolyzed 

0.10 M  0.20 M  
glycinamide glycinamida 

0.6150.01 0.426+010 

Ratio of rates of formation of 
BTGA/BT from 86ter 

0.64$.03 1.35 9.05 

Ratio of rates of hydrolysis of BTGA 
ill pr8SWlC8 M id ab68tUS Of glycinamide 

0.75+0.03 0.5fi5$0.023 

Ratio of rates of formation of BTGA/BT 
fmm amide 

0.33+0.05 0.77 2 0.07 
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FE5ULTS 

The rwults presented (Table 1) are the means and their standard deviations 

calculated fmm five to ten runs mede on at leastthrae separate days using freshly 
prepared solutions. The rate of STGA hydrolysis In water is 0.02 umoles(ain)-l(mg 

chymotrypsin) 
-1 

. The results were not affected by a change in the enzyme concenlq 

tion using the range 0.05 to 0.3 ag/al for the experiments with the ester and 0.2 

to 1.3 ag/ml for the amide. The results in glycineamide solution were independent 

of the presence of Tris buffer. 

DISCUSSIDN 

The results in Table 1 clearly demnstmte that the ratio of the rates of 

&chymotrypsin catalyzed reactions of an ester and M amide with glycinamide or 

water varies by about two fold. Since 5TGA is much aore slowly hydrolyzed than BTEE, 

enzyme acylation would be rata contmlling for STGA hydrolysis and thus these 

results are in direct disagrwnmt with an obligatory formation of an acyl enrpm 

from amide substrates. 

Several ad hoc explanation8 can be thought of within the frwework of the acyl -- 

enzyme mechanism, however none of than are too convincing. One explanation is that 

the enzym preparation is not completely hoaogenwus and If different l~lecular 
species were to preferentially attack the ester or the amide, differences in the 

ratio of rates could be observed. This explanation requires that the enzymes have 

different affinities for tw similar s&strafxs, whose binding features reside 

mainly in the benzoy1-Gtymelnc portion which is idantlcal for both substrates. 

In addition,BTEE has been shown to be a specific substrate for chymotrylasin (16). 

A similar argument cc&i be raised suggesting that Qkhynutrypsin exists in aore 

than one confomation. This would require that the rate of a chemical reaction, 

the deacylation of acyl chymotrypsin, be faster than the rata of change of confor- 

mation. One could also postulate a conformational change induced by glycinsmlde. 

I-kwever the low concentration of glycinamide used and the linear dependence of 

the ratio of rates on glycinamide concentration n&e this alternative unlikely. 

Finally one could suggest that glycinamide can bind to the acyl enzyme and accwle 

rate the hydrolysis of the acyl enzyme. Such acceleration has been found on the 

binding of indole to acetyl chymotrypein (17). kbwever them is no precedent for 
such an effect with aromatic sobstmtes or with mn-ammstlc activators. The fact 

that hydmxylamine (7) and elcohols (6) can be used as u&led nucleophiles In the 

317 



Vol. 37, No. 2, 1969 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

chymtryp8in catalyzedreactions with aseriesofeatersand give preciseagrscrpcmt 

with the predictions of the acyl enzyme theory mdce the above alternative explana- 

tions even lema likely. We are thue left with the concluaimthat amides do not 

have to pass through an acyl enzyme intermediate when hydrolyzed by chymotrypain. 
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