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Acetylimidazole, a new agent for the acetylation of proteins, when reacted with carboxypeptidase 
A increases esterase activity and abolishes peptidase activity. These changes can be prevented 
by fl-phenylpropionate and can be reversed by deacetylation with hydroxylamine. The altera- 
tions in enzymatic activities correlate exactly with the acetylation and deacetylation of two 
tyrosyl residues and are accompanied by spectral shifts which are attributable to the characteristic 
spectral properties of 0-acetyltyrosine. Difference spectra and hydroxamate formation have 
been employed for a quantitative analysis of these changes. 

The search for functionally active amino acid resi- 
dues in the active center of carboxypeptidase A has 
recently received new direction by the results of chemi- 
cal modifications of the enzyme. Acylation with mono- 
carboxylic anhydrides, iodination, and photooxidation 
of the enzyme increase &rase and decrease peptidase 
activity (Riordan and Vallee, 1962; Vallee et al., 1963). 
Extensions of these investigations using acetic anhy- 
dride (Riordan and Vallee, 1963; and in preparation), 
and iodine (Simpson and Vallee, 1963) have supported 
the view previously advanced (Vallee et al., 1963), that 
tymsyl or histidyl residues, or both, are involved in the 
catalytic mechanism of carboxypeptidase. 

In the course of efforts to identify these groups, it has 
been found that acetylation of the enzyme with acetyli- 
midazole also abolishes peptidase activity completely 
while esterase activity increases even more than with 
acetic anhydride. These alterations in specificity 
correlate closely to the acetylation of two tyrosyl 
residues, presumably located close to the catalytically 
active zinc binding site (Vallee et al., 1960). The 
results with acetylimidazole show promise that this 
mild acetylating agent may prove more selective than 
monocarboxylic acid anhydrides. Acetylimidazole does 
not Seem to. have been employed previously as an agent 
for the acetylation of proteins. 

EXPERIJHENTAL 
Materials. -Five times recrystallized carboxypepti- 
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dase A of bovine pancreas, [(CPD)Zn], was prepared 
by the method of Allan et al.' Enzyme prepared by 
the method of Anson (1937) was obtained from the 
Worthington Biochemical Corp., Freehold, New Jersey. 
The zinc-to-protein ratio of both preparations was 
between 0.98 and 1.03 g atoms/mole based on a molec- 
ular weight of 34,300 (Smith and Stockell, 1954; 
Vallee and Neurath, 1955; Brown et al., 1961). N -  
acetylimidazole was prepared by the method of Boyer 
(1952), and when recrystallized from isopropenyl 
acetate had a melting range of 100-lO1°. N-acetyl- 
tyrosine and N,O-diacetyltyrosine were obtained from 
the Cyclo Chemical Corp., Los Angels, and used with- 
out further purification. Precautions to prevent con- 
tamination by adventitious metal ions were taken 
throughout these studies (Thiers, 1957; Coleman and 
Vallee, 1960). 

Methods. -Peptidase activity was determined using 
the synthetic substrate carbobenzoxyglycyl-L-phenyl- 
alanine (Mann Research Laboratories) (Coleman and 
Vallee, 1960). Activity is expressed as an apparent 
proteolytic coefficient, C, defined as log ao/a per minute 
per mole  of enzyme, where a. and a represent the 
concentration of substrate at  time zero and time t ,  
respectively. The assays were carried out at  0" in 
0.02 IK sodium Veronal--1.0 IK NaCl buffer, pH 7.iS. 
C was calculated from the linear portion of the first- 
order reaction plots before hydrolysis exceeded 15%. 
Esterase activity was determined by pH titration (Snoke, 
et al., 1948) with 0.1 Y NaOH of the hydrogen ions re- 
leased on hydrolysis using a pH-stat (Radiometer, 
Copenhagen) and recorder (Ole Dich, Copenhagen). 
Assays were performed at 25' with 5 ml of 0.01 M 

B. J. Allan, P. J. Keller, K. A. Walsh and H. Neurath, in 
preparation. 
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hippuryl-DL-@-phenyhctate in 0.2 M NaC14.005 M 
Tris buffer, pH 7.5. Activities are expressed as zero 
order velocity constants, K, with units of pmoles H + per 
minute per -ole of enzyme. 

Protein mncentmtions were measured either by 
precipitation with 10 % trichloroacetic acid followed by 
drying at  104" (Hoch and Vallee, 1953) or by ab- 
sorbance at  278 mp. The molar absorptivity of native 
carboxypeptidase A is 6.42 x lo4 mole-'cm2, while the 
values employed for acetylcarboxypeptidase prepared 
with acetylimidazole, AcI-carboxypeptidase,4 in the 
absence or presence of 8-phenylpropionate were 6.17 
and 5.9 x l o 4  mo1e-km2, respectively. A Beckman 
Model DU spectrophotometer was used for absorbance 
measurements at single wavelengths, and spectra were 
obtained with a Cary Model 15 MS automatic recording 
spectrophotometer. The pH was determined with a 
Radiometer pH meter (Model pHM4) equipped with a 
general purpose glass electrode. Acetylation of the 
enzyme with acetylimidazole was performed by adding 
a 10- to 100-fold excess of the reagent to a solution of 
carboxypeptidase (4 mg/ml) in 0.02 M sodium Veronal-2 
M NaCl bde r ,  pH 7.5, a t  23". Reaction times varied 
from 2 to 120 minutes. The reaction was stopped 
either by dilution or by cooling and activities were de- 
termined immediately thereafter. Alternatively, the 
excess reagent was removed by exhaustive dialysis 
against 0.01 M Tris-1 M NaCl buffer, pH 7.5 at 4". 
In some experiments, 0.05 M 8-phenylpropionat.e was 
used as a protective agent (Riordan and Vallee, 1962). 
Labile acetyl groups were determined by the method of 
Balls and Wood (1956) using 1.14 M hydroxylamine at 
p H  7.5 and 25" for 10 minutes. The degree of modifica- 
tion of the free amino groups of carboxypeptidase was 
estimated by means of the ninhydrin reaction (Moore 
and Stein, 1954; Slobodian et al., 1962) using phenyl- 
alanine as a standard. 

RESULTS 

On reaction of carboxypeptidase with a 60-fold molar 
excess of acetylimidazole a t  pH 7.5, 23", esterase 
activity increases to seven times the control value in 25 
minutes. No further increase occurs if the reaction is 
allowed to continue. Peptidase activity is abolished 
completely (Fig. 1). As the molar excess of acetyl- 
imidazole is increased from 10- to 60-fold, the rate of 
acetylation increases also, and . d changes in 
enzymatic activities are achieved at progressively 
earlier times. When higher molar proportions of 
acetylimidazole to protein are employed, esterase 
activity begins to decrease shortly after its maximum 
value is achieved; above a 100-fold molar excess of 
acetylimidazole, inactive enzyme precipitates rapidly 
(Fig. 2). Reaction with a 60-fold molar excess for 25 
minutes a t  pH 7.5, 23", was adopted as the standard 
procedure. 

The competitive inhibitor 8-phenylpropionate, at a 
concentration of 0.05 M, apparently prevents the 
acetylation of some specific groups of the protein since 
acetylation in its presence does not bring about the 
changes in catalytic specificity or activity (Fig. 1). 
Removal of 8-phenylpropionate by dialysis, followed by 
acetylation under the standard conditions described, 
leads to a 7-fold increase in &rase and abolition of 
peptidase activity, changes identical to those obtained 
when the inhibitor is absent during the initial modifica- 
tion (Fig. 1). 

*The prefixes AcA- and Act- are used to designate car- 
boxypeptidase acetylated with acetic anhydride and 
acetylimidazole, respectively. 
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FIG. l.-Progression of changes in esterase (0) and pepti- 

dase (H) activities during acetylation of carboxypeptidase 
(4 mg/ml) with acetylimidazole (60-fold M excess) and in the 
presence (V, A) and absence of 8-phenylpropionate, as indi- 
cated. The reactions were performed in 0.023s sodium 
Veronal-2 M NaC1, pH 7.5, 23". Activities were determined 
immediately following dilution of an aliquot of the reaction 
mixture into the same buffer. Acetylation in the presence 
of B-phenylpropionate does not change the activities of the 
native enzyme and serve as control. 

Exposure of AcI-carboxypeptidase to hydroxylamine 
completely reuerses these enzymatic changes. When 
5 X M Acr-carboxypeptidase is incubated with 
1.14 M hydroxylamine at  pH 7.5, so, for 10 minutes, 
peptidase and esterase activities are restored to the 
values characteristic of the native enzyme (Table I). 
Upon deacetylation with this reagent, esterase activity 
decreases from 710% to 100% while peptidase activity 
increases from 7% to 100% of the control (Table I). 
No alterations in functional properties are observed 
when the enzyme acetylated in the presence of 8- 
phenylpropionate, or the native enzyme, is treated with 
hydroxylamine. 

The enzymatic changes occurring on acetylation with 
acetylimidazole are virtually identical to those observed 
when carboxypeptidase is modified with acetic anhy- 
dride, though acetylimidazole does not acetylate NH, 

TABLE I 
ACETYLATION AND DEXCETYLATION OF Act- AND ACA- 

CARBOXYPEPTIDASE 
Samples were acetylated in the presence of 8-phenylpro- 
pionate (p+P), 0.05 M, as indicated. Deacetylations with 
hydroxylamine, 1.14 M, were performed as under Methods. 

Esterase 
k x 10-J 

7.3 
5 2 . 0  
36.9 
7.5 
7.3 
7.5 
6 .6  

Peptidase 
C 

38.2 
3.0 
1.9 
39.1 
34.3 
37.5 
32.9 

Eq. Phenylalanine 

Mole Enzyme 

13.8 f 0 . 6  
13.9 f 0.4 
4.9 f 0.9 
13.1 f 0.7 
4 .6  f 0.5 
13.4 f 0.1 
4.1 f 0.5  
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FIG. P.--Aoetylation of carboxypeptidase. Effects of 
variation of the molar of acetylimidazole on esterase 

dase (open symbols) were meawved when the enzyme 

and lWfold (I, 0) molar ex- for the periods indicated. 
Conditions for acetylation and assay 88 in Figure 1. 

and peptidase activities Eaterase ( d i d  ~ymbob) and pepti- 

(4 m g / W  WSB expoeed to 1@ W, V), 25- (4 A), 60- (.,O), 

groups, as judged by the procdum.? of Moore and 
stein (1954) used according to SLObodian et d. (1962) 
and from dedmphoretic mobility (Bethum and Ulmer 
1963) ("able I). There 13.8 f 0.6 (n = 30) 
pbnybibnixe equivalents per mole of native enzyme 
and 13.9 f 0.4 (n = 14) group per mole of Am- 

equivahta demeaad to 4.9 f 0.9 (n = 23) for ACA- 
carboxype- the enzyme acetylated with acetic 
anhydride (Table I). %ugh acetylation with either 
reaged in the pmsence of &phenyllpropinate does not 
alter either eeterase or peptidam activities (Fig. l), the 
change in phenyldanb equivalents is virtaally the 
same as in the abeence of this protective agent, and 
de!acetylation with hydroxylamine does not alter this 
value (Table I). Such data support the previous 
suggestion that the acetylation of E amino groupe does 
not 8cco1znt for the reversible alterations of activity 
(vallf2e etd., 1963). 

Thecbemld - nakneoftheresiduehinvolvedinthe 
catalytic action of carboxype- have been the 
subject of speculation (VaUee et d., 1963) but their 
identity has been unknown. The cloae correlation be- 
tween spectral and catalytic changes of the enzyme on 
acetylation now indicaks the participation of tyrosyl 
r e g h l u e s e i t h e r i n t h e b  * of hydrolysis or in 
snbstrate binding to the enzyme, or both- Relative to 
the spectnrm of native carboxypeptidzm between 260 
and 300 mlr, the abmrlmnce of Ac,-carboxypeptida~e 
decreaaes(Figa3Aand3C). Thedifferenespcprum 
has a maximum decrease at 278 mp, snggeehng an 
alteration in the aromatic amino acid d u e s ,  pre- 
sumably tyroaine (Fig. 3C). 
ThespAmm of tymsine, when contrasted with that 

of N,odiac&y- supports this inference (piga 
=and 3D): N-acetyltymeheabrbs - lly at 
275 mp. The molar abmrptivitie3 at p H  76 are *5 = 
1370 and = 620. The * 1 abeorbanoe of N,O- 
diacetyltymsbe is shifted from 275 to 2f52 mp (Fig. 3B), 

-dase. In c o w  the phenylalakle 

and the molar ahrptivit ies at both wavelengths are 
lowered markedly, €275 = 95 and €563 = 280. The spec:- 
trum of N,O-diacetyltyrcsb cloaely resembles that of 
phenylalanine in this wavelength range (Fig. 3B). The 
spectrum of this tyrosine derivative in 0.1 N HCl has 
been reported (Wogl ,  1953). 

The diffemnce spectrum of N-acetyltyrosine versw 
N,O-diacetyltyroaine in Figure 3D accentuates the 
magnitude of this spectral change on O-acetylation. 
The rrimilnrity of this difference spectnun to that of 
native carboxypeptidase versus A~~-carbo~ypeptida~i? 
suggests that the acetylation of tyrosyl residues of the 
enzyme accounts for the observed spectral changes. 

Hydroxylamine reverses the enzymatic consequences 
of acetylation of carboxypeptidase with acetic anhy- 
dride (Riordan and Vallee, 1962; Vallee et al., 1963) 
and with acetylimidazole (Table I). Similarly, de- 
acetylation of N,Odiacetyltyroshe with hydroxylamine 
restores the spectrum of N-acetyltyrosine. To ensure 
precision, this change is measured at  a wavelength where 
the difference in molar absorptivity is 1 . The 
maximum of the difference spectrum of the tyroaine 
derivatives is at  275 mp while that of the native versus 
Ac,-carboxypeptidase occuls at  278 m p .  Exposure of 
Acr-carboxypeptidase to 0.01 M ",OH for 450 minutes 
a t  pH 7.5, room temperature, fully restores the spec- 
trum of native carboxypeptidase. Simultaneously 
esterase and peptidase activities return to the valucs 
c h a r a c t e ~ i c  of the native enzyme. 
The difference in molar absorptivity of N,O-di- 

acetyltymhe and of N-acetyltyrosine may be used to 
calculate the number of acetyl groups removed from 
Ac~-carborypeptidaBe by hydroxylamine. At 278 mp, 
the wavelength of 1 change in the difference 
spectrum of the enzyme, the molar absorptivity of 
N,O-diacetyltyroshe, cfm, rises from 70 to 1230 on 
conversion to N-acetyltyroshe. This corresponds to a 
difference, AePn8, of 1160 per mole of N,O-diacetyL 
tyrosine deacetylated. Hence the change in absorbancy 
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a The changes in activities whichoam ap -with 
acetic anhydride arn be pKeveated by /&- - t e .  
indoleacetate, i-tate (all 0.1 Y), and by --tal 
aodiumacetate~ 

- : - : I :  - . - . J  
270 290 270 290 

WAVELENGTH (ny3 

0 I 2 3 
TI M E  (hrs.) 

F'IG rl;--Deacetylation of &-carbo- * P = P = = d  
byeqposrneof6OMeuzssoface~~' - -  kfor25minutes, 
pH 7.5, Bo, them 0.01 Y hydroxylamine for the periods sndi 
cated. Aliqnota oftbe same concentmtion o f a m z y m e  (1.1 X 
10- Y) were acetylated m the presence (m) and absavz (a) 
of & ~ y l p r o p i O I u l t e .  0.05 y, as labeled, and their change 
m abeorbance was then followed at 278 mp (right ordinate). 
Tbe left ordinate shows the number of the oacetgftymeyl 
gmaptl deecetykted, as calculated from equation (l), (see 
text]. The dashed line repremenb an extrapohlion of tbe 
l k m r  portion of the rate of deace*tion of the enzyme 
acetylated without @-phenylpropionate. The insert details 
the time coume ofthe di&mnce between the two rates of 
deacetylatiaa 
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FIG. 5.-Correlation between the effecta of hydroxylamine 
on peptidase (m) and esterase (0) activities and numbers of 
0-acetyl groups removed from Acpcarboxypeptidase. The 
enzyme acetylated with 60-fold molar exctxa of acetylimid- 
azole under standard conditions (see methods) was exposed 
to 0.01 M hydroxylamine, p H  7.5, 23O, and the changes in 
peptidase and esterase activities and absorbance at 278 mp 
were measured over a period of 110 minutes. The control 
was an aliquot acetylated in the presence of p-phenylpropio- 
nate. A K value of 7-8 X l oJ  and C values of 35-40 were 
characteristic both of the native enzyme and of that acety- 
lated in the presence of the inhibitor in these experiments 
!see Fig. 1). Note the d i m t i o n  of change in esterase and 
peptidase activities as indicated by the m o w s  along the 
ordinates. 

of the lysyl residue at  position 41 (Hirs et al., 1962) of 
bovine pancreatic ribonuclease is known to possess 
special activity toward fluorodinitrobenzene and N- 
carboxy-DL-alanine anhydride (Cooke et al., 1963). 
In carboxypeptidase, the presence or absence of 4 M 
guanidine at  p H  7.5 does not alter the number of acetyl 
groups transferred to hydroxylamine, consistent with 
the behavior of N,O-diacetyltyrosine in 8 M urea as re- 
ported by Cohen and Erlanger (1961). This lends 
support to the conclusion that acetylation of tyrosyl 
residues accounts both for the spectral and enzymatic 
changes. 

Together with studies to be reported elsewhere 
(Simpson and Vallee, 1963), the present investigation 
suggests that the nineteen tyrosyl residues of carboxy- 
peptidase (Bargetzi, et al., in preparation) may be 
divided into three categories. Two of these are dif- 
ferentiated by their hydrogen ion titration curves, and 
the third category by the susceptibility of its acetyl 
derivatives to deacetylation with hydroxylamine. 

Seven of the nineteen tyrosyl residues of carboxy- 
peptidase dissociate “ n o ~ a l l y . ”  Their apparent pK, 
is 9.5, and their dissociation is complete a t  pH 10.2. 
The remaining twelve residues dissociate “abnormally” 
and are titrated above p H  10.5 (Simpson and Vallee, 
1963). Hence they may be “buried” in the interior of 
the native protein, and, by analogy with other proteins 
(Tanford, 1961; Scheraga and Rupley, 1962), their 
failure to dissociate a t  lower pH may be a reflection of 
their role in stabilizing the conformation of the mole- 
cule. 

The spectral changes indicate that only a limited 
number of tyrosyl residues are acetylated under the 
conditions of these experiments (Fig. 3). While the 
total number of groups acetylated with acetylimidazole 
remains to be determined by more direct methods such 
as amino acid analysis or radioactive labeling, the 
number of acetyl groups may be calculated from 

the spectral data (Fig. 4) as follows: the molar ab- 
sorptivity of carboxypeptidase, ezi8, is 6.42 X lo‘ 
mole-‘ cm2, determined by the trichloroacetic acid 
procedure of Hoch and Vallee (1953). The molar 
absorptivity of Acparboxypeptidase, €278, is 5.92 X 
lo4 mole-’ cmz, changing rapidly to 6.15 X lo4 mole-‘ 
cm2, and finally to 6.42 x lo4  mole-’ cm2, the value 
of the native enzyme observed initially, on exposure to 
hydroxylamine. The molar absorptivity of N,O- 
diacetyltyrosine increases by 0.116 x lo4 mole-’ cm2 
at 278 mp upon deacetylation. Based on this, the 
change in the molar absorptivity of Acl-carboxy- 
peptidase, 0.50, indicates that a total of 4.3 tyrosyl 
groups are deacetylated, two of which are especially 
susceptible to hydroxylamine and apparently re- 
sponsible for the changes in activity as demonstrated 
by the correlation plot of Figure 5. Analogous data 
with AcA-carboxypeptidase have been obtained also 
indicating the correlation between the deacetylation of 
two tyrasyl residues and the restoration of function 
(Riordan and Vallee, 1963). 

It would be reasonable to assume that exposed 
tyrosyl residues, presumably on the ‘‘surface” of the 
molecule, would be acetylated more readily than those 
in its interior. Acetylimidazole may aell acetylate 
4-5 of those residues which dissociate ‘‘normally.’’ 
At comparable molar excesses, acetic anhydride a p p m  
to acetylate a total of 6-7 (Riordan and Vallee, in 
preparation) and 6 residues are iodinated with a 25- 
fold molar excess of iodine at p H  9, the number varying 
somewhat with the molar excess of iodine and the 
conditions employed i Simpson and Vallee, 1963). 

Apparently the detection of the two tyrosyl residues, 
which are both readily acetylated and then par- 
ticularly susceptible to deacetylation, is facilitated by 
their physicochemical properties, made unique by their 
molecular environment. The zinc atom which is in- 
volved in catalysis is bound to cysteine (Vallee et al., 
1960) and to the NH,-terminal asparagine residue of 
the enzyme (Coombs and Omote, 1962). In  this regard 
i t  should be noted that tyrosine is the penultimate NH,- 
terminal residue (Coombs and Omote, 1962); more- 
over tyrosine is also present in the peptide which can- 
tains the metal-binding cysteine residue (Neurath, H., 
personal communication). The increase in esterase 
activity of Acr-carboxypeptidase is slightly greater than 
that of Ac~arboxypeptidase (Riordan and Vallee, 
1962), perhaps the consequence of the more selective 
action of acetylimidazole. Molar excesses of acetic an- 
hydride above 48 result in irreversible losses of func- 
tion and losses of zinc (Riordan and Vallee, 1963), and 
are accompanied by structural changes in the molecule, 
as indicated by optical rotatory dispersion data and by 
the isolation of an enzymatically inactive fraction by 
free boundary electrophoresis (Bethune and Ulmer, 
1963). The structural changes of Acr-carboxypepti- 
dase, when prepared with a comparable molar excess of 
acetylimidazole, are much less marked, while the func- 
tional changes are even greater (Fig. 2). Preliminary 
electrophoretic and optical rotatory dispersion mearmre- 
ments give little evidence of structural change of &I- 

carboxypeptidase, prepared with a 60-fold molar 
e x a s  of the agent a t  pH 7.5 (Bethune et al., in prep- 
aration). Further, there is no change in the number of 
free amino groups when carboxypeptidase is acet- 
ylated with acetylimidazole in contrast to prepara- 
tions acetylated with acetic anhydride (Table I). 

The conclusions reached in the present investigation 
have depended greatly on the changes in the absorption 
spectrum of carboxypeptidase. The interpretation of 
difference spectra here employed, the technical and 
instrumental limitations of the procedure, and examples 
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of its increasingly fi-equent use for the identification of 
catalytically active residues of enzymes have been the 
subjeds of an excellent and extensive recent review 
(Wetlaufer, 1962). It would seem -, there- 
fore, to detail these problems here. Many of the 
ambiguities inherent in the interpretations of the 
spectra of most amino acid residues, which absorb 
only at  low wavelengths, do not exist in the case of 
tyrosyl residues. This circumstan ce has greatly fa- 
cilitated the present studies. The spectral properties 
of tyrosyls in proteins have been detailed (Beaven 
and Holiday, 1952; Edsall and Wyman, 1958; Tan- 
ford, 1961). Both the spectral changes which are due 
to the ionization of tyrosine and the pertinent micro- 
scopic dissociation constants have been described, and 
the possible influences of solvents, temperature, 
conformation and “vicinal” effects on tyrosine spectra 
have been considered (Wetlaufer, 1962). 

The marked hypo- and hypsochromic effects of acetyl- 
ation on the spectrum of N-acetyltyrosine noted here 
have been recorded previously for the acetylation of 
tyrosine but have been studied under somewhat dif- 
ferent conditions (Schlogl et al., 1953). These changes 
are not subject to confusion with the hyper- and batho- 
chromic effects of ionization or iodination of tyrosine 
(Martin et al., 1958; Edelhoch, 1962). The marked 
changes in molar absorptivity on acetylation are 
greater by an order of magnitude than those to be 
expected from “vicinal7’ effects (Wetlaufer, 1962). 
The changes seen here are analogous to the spectral 
shifts observed when phenol is acetylated to form 0- 
acetylphenol, and they are in clear contrast to the 
results of methylation of tyrosine to form O-methyl- 
tyrosine (Wetlauferetal., 1958). 

The spectral shift in carboxypeptidase is analogous, 
however, to that observed for tyrOsine-0-date 
(Bettelheim, 1954, Dodgson et al., 1959.) In con- 
trast to methylation, acylation‘ or arylation 
apparently induce analogous electronic shifts in 
tyrosyl groups of proteins, as exemplified by the 
tyrosyl-0-sulfate residue of native fibrinogen and the 
0-acetyl groups of acetylcarboxypeptida. Trypsin 
and chymotrypsin also exhibit similar changes in 
their absorbance when they are acetylated with acetyl- 
imidazole (Riordan, Wacker, and Vallee, unpublished 
data). It should be noted that the amidation of the 
free carboxyl function does not change the spectrum 
of N-acetyltyrosine significantly. 

Studies of pepsin (Herriott, 1935) led early to sug- 
gestions that tyrosyl residues might be involved in the 
catalytic mechanism of this enzyme. Since then their 
role in the mechanism of other enzymes has also been 
postulated though experimental evidence has been 
slow to develop. 

The present work does not attempt to discern the 
manner in which the tyrosyl residues participate in the 
mechanism of carboxypeptidase action. A model, 
proposed recently, assumes that the modification of 
one amino acid residue is the simplest chemical event 
which could account for the increased esterase and 
decreased peptidase activities which are the enzymatic 
consequences of many of the chemical alterations of 
this enzyme (Vallee et al., 1963). Without experi- 
mental evidence for its existence, a second group  as 
also postulated to participate in peptide hydrolysis, a 
speculation which is not inconsistent with the present 
findings. 

4 We are indebted to Dr. Abraham Patchornik for com- 
municating to us, prior to publication, spectral data for 
0-acetyltyrosine and 0-carbobenzoxytyrosine. The spectral 
properties of his compounds and those here employed were 
identical. 

The characteristics of the peptidase p H  rate profde, 
the dependence of the enzymatic consequences of 
acetylation of the enzyme on the values of p H  at 
which the modification is perfomed, and the results 
of photooxidation have all suggested that a bistidyl 
residue may also be involved in activity (Vallee et al., 
1963; Ftiordan and Vallee, in preparation). The 
difference spectra in the range 235-250 mp of ACA- 
of Acr-boxypeptidase versus carboxypeptidase do 
not indicate the formation of an acetylhistidyl residue. 
The deacetylation of the enzyme with hydroxylamine 
at near neutral pH further militates against an N- 
acetyl bond. Nevertheless, the previous findings 
pointing to histidine (Vallee et al., 1963) require further 
consideration that this or additional amino acid 
residues might be involved in the catalytic mech- 
anism. Nor can the real possibility be excluded that 
acetylation or other chemical modifications of carboxy- 
peptidase &ect esterase and peptidase activities- 
partially or completely-through the modification of 
group(s) at the enzyme d a c e  which bind the different 
substrates. 

The further exploration of these problems, together 
with kinetic investigations, now in progress, should aid 
materially in the elucidation of the catalytic mech- 
anism of carboxypeptidase. The study of the pos- 
sibility that tyrosyl residues may also be involved in 
the mechanism of action of other enzymes may benefit 
from the approaches here detailed. 
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