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The enzym.e—iuhibitor dissociation constants of a-chymotrypsin and thirty-three previously investigated competitive in-
hibitors of this enzyme have heen re-evaluated by methods which are more objective than those used earlier.

Recently we have reported?® revised values for the
etizvimme-inhibitor dissociation constants of «a-
chymotrypsin and fifteen competitive inhibitors
which are either hydrolvsis products or p-enantio-
morphs of previously investigated specific sub-
strates of this enzyme.¢ In this communication we
wish to describe the re-evaluation of the enzyme-—
inhibitor dissociation constants of a-chymotrypsin
and thirty-three additional competitive inhibitors
which, in common with those mentioned above,
were evaluated originally®~!* by methods which we
now regard aslacking in objectivity,3415.16

The primary data that were available for the
thirty-three competitive inhibitors had been col-
lected during the initial stages of the various reac-
tions and therefore the procedure employed for
the reevaluation of all of the respective enzyme-
inhibitor dissociation constants was that described
by Jennings and Niemann' in which the corrected
initial velocities were first determined from ([S}, —
[S]) ws. tand In [S]y/[S]; ws. ¢ plots and the values of
K1 then obtained from subsequent #, vs. vo/[S)o
plots'”=% based upon equation 1. As before®* care
has been taken to specify as completely as possible

—d[8]/d¢t = &[E][S]/(Ks(1 + [1]/K1) + [S]) (1)
the reaction conditions that were employed for
each particular set of experiments and in every case
attention has been directed to those parameters,
i.e.,, [E], Es’, E1’, Ss’ and I1’, which must be main-
tained within certain limits in order to satisfy the
assumptions inherent in the various treat-
ments. %4222 For purposes of calculation the mo-
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lecular weight of monomeric a-chymotrypsin was
taken to be 22,000 and its nitrogen content
16.09%.%+

In Table I there are included accounts of several
previously unpublished experiments?® which are
pertinent to the topic under discussion. In these
as well as in all other experiments reported in this
communication a single a-chymotrypsin prepara-
tion, i.e., Armour No. 90402, was used. Further-
more, all experiments were conducted in the pres-
ence of a THAM-HCI buffer.?* All of the competi-
tive inhibitors considered in this study are pre-
sented in Table I and are ordered in this table in
two groups, 4.e., those containing an indole nucleus
and those containing a benzene nucleus, and are so
listed generally in increasing order of complexity
within each group.

Examination of Table I reveals that in every in-
stance [E] was of the order of 10~% f, Es’ less than
2.4 X 1072, Er’ less than 10 X 10-2 and that Ss’
was within the limits of 0.1 and 8.0. Thus, it may
be concluded that the data which were employed for
the re-evaluation of the enzyme-inhibitor dissocia-
tion constants given in Table I were obtained under
conditions which favored the presence of essentially
monomeric a-chymotrypsin and which satisfied
the usual zone A criteria with respect to both the
specific substrate and the competitive inhibi-
tor.®421.22  Rurthermore, the values of Sg' were
such as to justify the use of equation 1, in the form
of o vs5. vo/[S] plots,”—? for the evaluation of the
various enzyvme-inhibitor dissociation constants.®*
With respect to values of 1’ in no case was a value
of It" so low as to preclude the use of a set of data
for the re-evaluation of Ky. However, in three in-
stances where a value of K1 was computed previ-
ously from data obtained in experiments conducted
at a single specific substrate concentration and a
single inhibitor concentration, s.e., for 3-phenyl pro-
pionate vs. acetyl-L-tyrosinamide,!? chlorampheni-
col »s. acetyl-L-tyrosinamide® and indole vs. nico-
tinyl-L-tryptophanamide at an inhibitor concentra-
tion of 10 X 10—% 3,14 we have not re-evaluated K1
because we now believe that such data are too
limited to be of quantitative significance.

The observation that all of the experimental data
obtained in the various inhibition studies which are
sumnmarized in Table I can be interpreted in terms
of vo vs. 207 [S]o plots?”—* based upon equation 1 per-
mits the conclusion that all of the inhibitors listed
in Table [ are competitive inhibitors of a-chymo-
trvpsin in so far as can be determined within the

1233 Comnbicted in these laboratories by H. T. Huang.
{24+ "Fris-(hydroxymethyl)-aminomethane—hydrochloric acid huffer.
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TABLE 1
K1 VALUES oF A GROUP oF THIRTY THREE COMPETITIVE INHIBITORS EVALUATED UNDER ZONE A ConbpITIONS?

X[IIIO' E1’ Kt X 108 M

Competitive inhibitord ¢ Ref, [Slo X 103 M M X 10z I1/ Orig.d Re-eval, &/9
Indole 14 8-20M 0.7 6.5 0.78 0.71 0.9 0.2
Indole 14 8-20%¢ 1.6 7.4 2.0 68 8= .2
Indole 14 8-20% 2.4 84 3.5 .68 T2
Indole 14 10 50 .. .. 72
Tryptamine 9  5-20™" 3.0 2.6 1.3 2.5 23=%+0.4
Acetyltryptamine 9 5-20°" 2.5 3.3 1.4 1.8 1.8+ .3
Trifluoroacetyltryptamine 9 5-20°" 0.8 4.9 0.67 0.95 1.2+ .3
B-Indoleacetate 12 8-207¢ 30 033 1.7 25 18 =3
8-(8-Indole-) propionate 12 g-20m! 15 0.39 1.0 13 15 £ 3
B-(B-Indole)-propionamide 12 5-20™" 2.1 2.6 0.91 1.7 2.3+0.4
v-(8-Indole)-butyrate 12 8207 20 0.26 0.87 17 23+ 5
p-Tryptophanamide 6 5-20°" 3.0 1.5 0.75 3.2 4.0+£1.0
L-Tryptophanamide 6  5-20°" 6.0 0.74 0.75 } 63 8.0 = 2.0°
L-Tryptophanamide 6 5-15"* 10 66 1.11 ' 9.0 £ 2.0°
Acetyl-p-tryptophanate 6 8.5-20* 5.0 .79 0.67 4.8 7.5£1.5
Acetyl-p-tryptophanmethylamide 6 8-20%* 5.0 3.3 4.2 1.7 1.8+0.3
Acetyl-L-tryptophanmethylamide 6 8-20%¢ 5.0 0.91 0.77 4.8 6.5+1.5
Acetyl-D-tryptophanhydrazide 9 8.5-20'* 0.8 7.4 1.0 0.75 0.8+0.2
Acetyl-p-tryptophan-isopropyl ester 9 8.5-20%* 0.5 7.4 0.63 0.58 0.8+0.2
Trifluoroacetyl-p-tryptophanamide 9 8.5-20% 2.0 1.5 .50 2.5 4.0%+1.0
Benzoyl-p-tryptophanamide 9 8.5-20% 0.5 8.4 .71 0.48 0.7+0.2
p-Methoxybenzoyl-p-tryptophanamide 9 8.5-20%* 0.25 9.9 .42 0.30° 0.6 0.2
Benzoate 12 6-12.5™% 80 0.04 .53 200 150 = 50
Benzamide 12 6-20™" 10 .59 1.0 6.6 10 £ 2
Acetanilide 12 6-20™° 10 .46 0.77 10.4 13 + 3
Phenylacetate 12 6-12.5™* 70 .03 .35 120 200 = 50
Phenylacetamide 12 6-20™%¥ 10 .39 .67 10.2 15 + 3
B-Phenylpropionate 12 8-20%¢ 20 .24 80 28 25+ 5
3-Phenylpropionamide 12 6-20™" 70 8 1.0 6.7 7.0£2.0
v-Phenylbutyrate 12 8207 60 99 1.0 72 60 £ 10
v-Phenylbutyvramide 12 6-20™7 7.0 .49 0.58 7.2 12 £ 3
Hippurylamide 11 8-20%¢ 10 45 77 11 13 = 3
Hippurylamide®® .. 8207 10 47 .80 ..., 12.5 =£ 2°9+
Hippurylamide®** .. 12.5-257% 10 .32 .83 ..., 12 £ 3%
Chloramphenicol 8 5-20™" 10 24 40 13.5 25+ 5
Acetyl-p-phenylalanine methyl ester 10 5-20%% 3.0 3.0 1.5 2.5 2.0 + 0.5
Acetyl-p-phenylalanine methyl ester®® 11 8-25%t 2.0 2.3 077 2.8" 2.6 = 4%
Acetyl-p-phenylalanine methyl ester®® .. 15-25"°* 2.0 1.7 0.91  ...... 2.2 & 4%
Acetyl-p-tyrosine ethyl ester*®*? 13 5-35%74r 5.0 0.17 1.0 4.0°% 5.0 & 5
Acetyl-D-tyrosine ethyl ester®’"* 5 15-35™°% 5.0 79 1.0 } 3540 5% 5.0 &= 1.0%™
Acetyl-D-tyrosine ethy! ester 5 15-40P% 10 99 2.5 ' 4.0 & 1.0%%
Acetyl-D-tyrosinhydrazide®“? 13 5-35°0er 7.5 .11 1.0 6.8% 7.5+ 1.5%
Nicotinyl-p-tyrosine ethyl ester 7 10-207% 1.0 7.4 1.3 0.97 0.8+0.2

¢ In aqueous solutions at 25° and pH 7.9 and 0.02 M in the THAM component of a THAM~HC! buffer and with a single
a-chymotrypsin preparation, 7.e., Armour No. 90402, unless otherwise noted. ¢ Vs. nicotinyl-L-tryptophanamide unless
otherwise noted. ¢ Enzyme concentration of 0.208 mg. protein-nitrogen/ml., 7.e. [E] = 5.91 X 107 3/ on the basis of an
assumed molecular weight of 22,000 and a nitrogen content of 16.09, for monomeric a-chymotrypsin. 94 Based upon values
of Kg and #; for nicotinyl-L-tryptophanamide of 2.7 X 1073 M and 1.6 X 10—3% }//min./mg. protein-nitrogen/ml., respec-
tively, unless otherwise noted. ¢ Re-evaluated by the method of Jennings and Niemann!® and a v vs. 7o/[S]e plot. 17720
/ Based upon values of Kg and &; for nicotinyl-L-tryptophanamide of 2.5 X 103 M and 1.5 X 1072 M /min./mg. protein-
nitrogen/ml., respectively,* unless otherwise noted. ¢ Re-evaluated value to be taken as the preferred value unless other-
wisenoted. * Eight experiments at four initial specific substrate concentrations within the limits indicated. * Eg’ = 2.37 X
1072, Sg’ = 3.2-8.0. 7 Preferred value 0.8 &= 0.2 X 1073 M. * Six experiments at four initial specific substrate concen-
trations within the limits indicated. ! One experiment at the initial specific substrate concentration indicated. ™ Five
experiments at five initial specific substrate concentrations within the limits indicated. » Eg’ = 2.37 X 1072, Sg’ = 2.0-8.0.
° Six experiments at six initial specific substrate concentrations within the limits indicated. # Four experiments at four
initial specific substrate concentrations within the limits indicated. ¢ Preferred value 0.85 =& 0.2 X 10~3% /. r Three
experiments at three initial specific substrate concentrations within the limits indicated. * Eg’ = 2.37 X 1072, Sg’ = 2.0~
6.0. *8ix experiments at five initial specific substrate concentrations within the limits indicated. * Eg’ = 2.37 X 1072,
Sg’ = 3.4-8.0. * Kj originally determined from a Q vs. « (Kg/[S]) plot® based upon an assumed zone B behavior for this
competitive inhibitor under the conditions specified. ¥ Eg’ = 2.37 X 1072, S’y = 2.4-5.0. % Eg’ = 2.37 X 1072, Sy’ =
2.4-8.0. ¥ Original evaluation based upon four experiments at four initial specific substrate concentrations within the
limits of 6-12.5 X 1073 3. = Preferred value 12.5 &= 3 X 1073 }/. °¢ Vs. methyl hippurate. ¢® Eleven experiments at
four specific substrate concentrations within the limits indicated. ¢ Eg’ = 0.91 X 1072, Sg’ = 1.2-3.1. «d Based upon
values of Kgand &; for methyl hippurate of 6.5 X 1073 M and 2.2 X 1078 M/min./mg. protein-nitrogen /ml. respectively.4
e Vs. chloroacetyl-L-tyrosinamide at pH 7.75. ¢/ Enzyme concentration 0.135 mg. protein-nitrogen/ml., i.e., [E] = 3.83 X
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1073 3. e Eg' = 0.14 X 1072, Sy’ = 0.5-0.9.

substrate concentrations within the limits indicated.

tively. 9 Eg’ = 0.14 X 1072, Sy’
component of a THAM-HCI buffer.

0.6-0.9.

1072, Sg’ = 0.1-0.8.
M/min./mg. protein-nitrogen/ml., respectively.

“¢ Vs, acetyl-L-tyrosinamide.
= (.12 X 1072 S’y = 0.53-1.1.

10~% M/min./mg. protein-nitrogen/mil., respectnely

32 X 1078 M and 2.4 X 1073 AM/mm /mg protein-nitrogen/ml., respectively.*

¥ Es' = 2.37 X 1072, S5’ = 4.0-8.0

limits of experimental error. The validity of the
above conclusion is confirmed by the fact that in
three cases, 4.e., indole vs. nicotinyl-L-tryptophana-
mide, L-tryptophanamide wvs. nicotinyl-L-trypto-
phanamide and acetyl-p-tyrosine ethyl ester vs.
acetyl-L-tyrosinamide, the value of K1 was found to
be independent of (I) over a range of values of [I]
of 3.4, 2.0 and 2.0 fold, respectively, and by the
added fact that in three cases, 7.¢., hippurylamide vs.
methylhippurate or nicotinyl-L-tryptophanamide or
chloroacetyl-L-tyrosinamide, acetyl-p-phenylalanine
methyl ester vs. methyl hippurate or nicotinyl-L-
tryptophanamide or chloroacetyl-L-tyrosinamide,
and acetyl-p-tyrosine ethyl ester vs. acetyl-L-tyro-
sinhydroxamide or acetyl-L-tyrosinamide, the value
of K1 was found to be independent of the nature
of the specific substrate used for its evaluation.

While most of the competitive inhibitors listed
in Table I were evaluated in aqueous solutions at
25° and pH 7.9 and 0.02 3 in the THAM compo-
nent of a THAM-HCI buffer there were two, t.e.,
hippurylamide and acetyl-pD-phenylalanine methyl
ester, which also were evaluated under the same
conditions except at pH 7.75. With these two un-
charged competitive inhibitors the values of K: at
pH 7.9 and 7.75 were identical within the limits of
experimental error. Two other uncharged competi-
tive inhibitors, Z.e., acetyl-D-tyrosine ethyl ester
and acetyl-p-tyrosinhydrazide, were evaluated in
aqueous solutions at 25° and pH 7.6 and 0.3 M in
the THAM component of a THAM-HCI buffer and
the K1 value of acetyl-p-tyrosine ethyl ester so de-
termined was in good agreement with that evalu-
ated in aqueous solutions at 25° and pH 7.9 and
0.02 M in the THAM component of a THAM-HCI
buffer. From these limited data there is no sugges-
tion that the value of K for an uncharged competi-
tive inhibitor is dependent either upon the pH or the
ionic strength of the reaction system.

In contrast to the situation discussed immedi-
ately above, where the addition of the inhibitor
did not cause an increase in the ionic strength of
the reaction system, there were a number of cases
encountered in this study where this was not so.
Eight of the competitive inhibitors listed in Table I
are carboxylate ions, In each instance these inhib-
itors were added to the reaction system in the form
of their sodium salts thereby increasing the ionic
strength of the reaction system over that obtained
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2% Based upon values of Kg and &; for chloroacetyl-L-tyrosinamide of
27 X 1073 M and 4.0 X 107% M /min./mg. protein-nitrogen/m].,
oi Preferred value 24 =+ 0.4 X 1073 M.
five initial specific substrate concentrations within the limits indicated.
upon values of Kg and k3 for methyl hlppurate of 85 X 1073 M and 2.2 X 1073 Jl[/mm /mg. protein- mtrogeu/ml
ae Vs, acetyl-L-tyrosinhydroxamide at pH 7.6 and 0.3 3/ in the THAM
e Enzyme concentration 0.0294 mg. protein-nitrogen/mil., 7.e., [E]
M. %2 Nine experiments at nine initial specific substrate concentrations within the limits indicated;
based upon eight experiments at eight initial specific substrate concentrations within the same limits.
25 Based upon values of Kg and k; for acetyl-L-tyrosinhydroxamide of 51 X 1078 A and 34 X 103
at Based upon values of Kg and k; for acetyl-L-tyrosinhydroxamide of
43 X 1073 M and 33 X 103 M/min./mg. protein-nitrogen/ml.,
aw Enzymnie concentration 0.139 mg. protein-nitrogen/ml., z.e.,
e¥ Based upon values of Kgand ks for acetyl-L-tyrosinamide of 30.5 X 10-% 3/ and 2.4 X
2z Based upon values of Kg and k; for acetyl-L-tyrosizamide of

respectively.? ¢¢ Seven experiments at six initial specific
2% Nine experiments at
= 1.2-3.9. » Based

respee-

ol Eg' = 0.91 X 1072, Sg’

= 0.835 X 10°%
original evaluation
ar Fg' = 0.02 X

ot Preferred value 5.0 = 1.0 X 10738 A/,
axr ES'

respectively.*
[E] =395 X 1072 M.

ba By’ = 0.12 X 1072, Sg’ = 0.5-1.3.

for the uninhibited reaction by an amount propor-
tional to the amount of each particular inhibitor
added. Under these conditions the initial veloci-
ties of the uninhibited reactions are simultaneously
increased, by the increase in ionic strength of the
system, and decreased, by the normal competitive
interaction, leading to an underestimation of the
true competitive interaction.® Therefore, the Ki
values of the anionic competitive inhibitors which
are listed in Table I must be regarded as provisional
values subject to correction for the above ionic
strength effect.

The remaining uncertainty with respect to values
of K1 listed in Table I relates to the charge state of
several amine types of competitive inhibitors, i.e.,
tryptamine and D- and L-tryptophanamide. At pH
7.9 tryptamine would be expected to be substan-
tially protonated and we may regard the value of K
2.3 = 0.4 X 107% A as the enzyme—inhibitor dis-
sociation constant of a-chymotrypsin and monopro-
tonated tryptamine. However, with D- and L-
tryptophanamide, whose respective pK ' values
are approximately 7.5 == 0.1,%it is clear that the K
values which are given in Table I for these two
competitive inhibitors are composite in nature and
refer to that mixture of the unprotonated and pro-
tonated forms of each of these competitive inhibi-
tors which prevails at pH 7.9.

Of those competitive inhibitors of a-chymotryp-
sin which have been considered in previous publica-
tions from these laboratories there are now avail-
able revised values of Kj, at some particular set of
conditions, for forty-eight competitive inhibitors of
this enzyme which have been studied under zone A
conditions, ¢f. Table I and ref. 3. Since we are now
engaged in a reevaluation of those primary data
which have been obtained®'4® fromn studies of
competitive inhibitors of a-chymotrypsin in sys-
tems which do not appear at this moment to satisfy
the usual zone A criteria®*2122 we wish to defer any
discussion of the relations existing betweeti the
above K7 values and the structures of the respec-
tive competitive inhibitors until this latter study is
completed.

The authors are indebted to Dr. H. T. Huang for
the use of previously unpublished data.
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