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pies of activation for the resin-catalyzed hydrolysis 
are 13 to 18 cal. deg. - 1 mole - 1 higher than for acid 
hydrolysis.11 Thus the greater efficiency of the 
resin is explained by the increase in the entropy of 
activation as compared with the entropy of activa­
tion of the acid-catalyzed reaction. This increase 

In 1937, Bergmann and Fruton4 reported that a-
chymotrypsin, acting in aqueous solutions M/15 in 
a phosphate buffer and at 40° and pH 7.6-7.8, hy-
drolyzed carbobenzoxy-L-tyrosylglycinamide, to 
give carbobenzoxy-L-tyrosine and glycinamide, but 
did not hydrolyze carbobenzoxy-L-tyrosylglycine. 
On the basis of the above evidence these authors 
concluded that the enzyme was incapable of caus­
ing the hydrolysis of specific substrates in which a 
carboxyl group was bonded to the non-carbonyl car­
bon atom immediately adjacent to the nitrogen 
atom involved in the susceptible peptide bond. This 
conclusion was substantiated further by the sub­
sequent report5 that a-chymotrypsin, acting in 
aqueous solutions M/15 in a phosphate buffer,6 but 
at 25° and pVL 7.1-7.5, hydrolyzed carbobenzoxy-
L-phenylalanylglycinamide but did not hydrolyze 
carbobenzoxy-L-phenylalanylglycine, and by the 
claim7 that carbobenzoxy-L-glutamyl-L-tyrosylgly-
cinamide and L-glutamyl-L-tyrosylglycinamide were 
hydrolyzed in the presence of a-chymotrypsin but 
that carbobenzoxy-L-glutamyl-L-tyrosylglycine was 
not.8 In 1950, Neurath and Schwert,9 recognizing 
that the carboxyl group in question would be com­
pletely ionized in aqueous solutions in the region of 
pH. 7-8, concluded, on the basis of the above evi­
dence, that the presence of a negative charge near 
the susceptible bond caused a loss in substrate ac­
tivity. 
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in the entropy of activation is probably due to the 
fixation of the dipeptide molecule to the resin par­
ticle. 
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The first suggestion that a negative charge was 
present at or near the catalytically active site of the 
enzyme and that an electrostatic repulsion could 
arise from the interaction of this negative charge 
with that present in a competitive inhibitor con­
taining a carboxylate group was offered by Neurath 
and Schwert9 on the basis of experiments described 
by Kaufman and Neurath10'11 which were con­
ducted at 25° and pH 7.8 in the presence of a 0.1 M 
phosphate buffer when aqueous solutions were em­
ployed, or a 0.045 M phosphate buffer when the 
solvent system was 30% aqueous methanol. How­
ever, the experiments of Kaufman and Neurath10'11 

do not provide a direct and unambiguous demon­
stration that the affinity of a-chymotrypsin, when 
evaluated in aqueous solutions at pH. 7.8 and in the 
presence of a phosphate buffer, for a competitive 
inhibitor containing a negatively charged carboxyl­
ate group is substantially less than for an un­
charged competitive inhibitor which possesses the 
same structural features except for the replacement 
of the negatively charged carboxylate group by an 
uncharged group of approximately the same vol­
ume. The only uncharged competitive inhibitors 
which were studied by Kaufman and Neurath10'11 

were DL-l-phenyl-2-acetamidobutanone-3 and DL-1-
/>-hydroxyphenyl-2-acetamidobutanone-3 and the 
inhibition constants determined were for the DL-
mixtures. It was a tenuous comparison of these 
composite inhibition constants with those of ace-
turic acid, hippuric acid, acetyl-DL-methionine, 
benzoyl-DL-methionine, benzoyl-D-, L- and DL-phe-
nylalanine, and presumably that of 0,N-diacetyl-L-
tyrosine, that led Neurath and Schwert9 to the 
conclusion that replacement of a carboxylate group 
by an acetyl group results in an increased affinity of 
the enzyme for the inhibitor, under the conditions 
previously specified, rather than a direct compari­
son of, for example, acetyl-L-phenylalanine with 

(10) S. Kaufman and H. Neurath, Arch. Biochem., 21, 245 (1949). 
(11) S. Kaufman and H. Neurath, J. Biol. Chem., 181, (123 (1949). 
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The enzyme-inhibitor dissociation constants of a-chymotrypsin and several pairs of charged and uncharged competitive 
inhibitors of this enzyme which were evaluated previously in aqueous solutions at 25° and p~R 7.9 and 0.02 M in the THAM 
component of a THAM-HCl buffer now have been evaluated in aqueous solutions at 25° and pH 6.9 and 0.2 M in the THAM 
component of a THAM-HCl buffer. A comparison of these two sets of dissociation constants has led to the suggestion 
that the development of a negative charge in the environment of the catalytically active site of the enzyme particularly at 
pti 7.9 is responsible for the lesser affinity of a-chymotrypsin at pH 7.9 than at p~H 6.9 for certain negatively charged com­
petitive inhibitors of this enzyme. The effect of adding phosphate ion to the above systems has been discussed. 
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L-l-phenyl-2-acetamidobutanone-3 where the only 
structural factor involved is the replacement of a 
carboxylate group by an acetyl group. 

In a subsequent s tudy in which the enzyme-in­
hibitor dissociation constants of a-chymotrypsin and 
a relatively large number of carboxylic acids were 
evaluated in aqueous solutions at 25° and pK 7.8 
in the presence of a 0.1 M phosphate buffer, Neu-
rath and Gladner,12in an argument which was based 
upon the use of absolute values of the above disso­
ciation constants, the binding energies reported for 
the interaction of certain dye anions and homolo­
gous alkyl sulfates with serum albumin,13 '14 and the 
behavior of an entirely different enzyme system,15 

again expressed the belief tha t an electrostatic re­
pulsion arising from the interaction of a competitive 
inhibitor bearing a negatively charged carboxylate 
group with a negative charge a t the catalytically 
active site was a likely possibility even though it 
was reported by these authors1 2 tha t the Ki values 
of /3-phenylpropionate and ̂ -phenoxyethanol were 
almost identical. 

In 1952, Huang and Niemann16 called attention 
to the fact t ha t when the enzyme-inhibitor disso­
ciation constants of a-chymotrypsin and a series of 
competitive inhibitors of the type R(CH 2 )«C0 2~ 
were evaluated a t 25° and pB. 7.9 in aqueous solu­
tions 0.02 M with respect to the THAM 1 7 compo­
nent of a T H A M - H C l buffer, one obtained Ki 
values which were approximately five times greater 
than those reported by Neurath and Gladner12 for 
the same competitive inhibitors but based upon an 
evaluation a t 25° and p"H. 7.8 in aqueous solutions 
0.1 M with respect to a phosphate buffer. Recently 
we have re-evaluated the primary experimental 
data obtained by Huang and Niemann16 with the 
aid of the procedure described by Jennings and 
Niemann1 8 and the revised Ki values,19 i.e., the 
enzyme-inhibitor dissociation constants, for several 
of the carboxylic acids and amides studied by 
Huang and Niemann16 are given in Table I along 
with the corresponding Ki values reported by 
Neurath and Gladner12 for the same acids. As be­
fore, 16 it was found t ha t the Ki values of four of the 
bifunctional competitive inhibitors of the carboxyl­
ate type were approximately five, actually four to 
six, times greater when evaluated in aqueous solu­
tions at 25° and pH 7.9 in the presence of a 0.02 M 
T H A M - H C l buffer than when evaluated in aque­
ous solutions at 25° and p H 7.8 and 0.1 M in a 
phosphate buffer. 

From the data given in Table I it may be con­
cluded tha t the affinity of the catalytically active 
site of the enzyme for a bifunctional competitive 
inhibitor bearing a negatively charged carboxylate 
group, when present in aqueous solutions a t 25° 
and pH 7.9 ± 0.1, can be increased by an amount 

(12) H . N e u r a t h a n d J . A. Gladne r , / . Biol. Chem., 188, 407 (1951). 
(13) 1. M . Klo tz , Cold Spring Harbor Symposia Quant. Biol., 14, 97 

(1950). 
(14) F . K a r u s h a n d M . Sonenberg , T H I S J O U R N A L , T l , 1369 (1949). 
(15) E. E l k i n s - K a u f m a n a n d H . N e u r a t h , / . Biol. Chem.. 178, 045 

(1949). 
( l i l ; H. T. H u a n g a n d C. N i e m a n n , T H I S J O U R N A L , 74 , 5903 (1952). 
|'J 7,i 'I'ri^-i hydroxy me t h y l ) - a m i n o m e t h a n e . 
C]X, R. R. Jeimiii i t i and C. N i e m a n n , T H I S J O U R N A L , 78 , 1087 

0 953), 
'1!I) K. J !'"osier ami C. N i e m a n n , ibid., 77, 3370 (1955). 
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TABLE I 

ENZYME-IXHIBITOR DISSOCIATION- CONSTANTS 

I n h i b i t o r 
^ - P h e n y l p r o p i o n a t e e 

^ - P h e n y l p r o p i o n a m i d e 

7 - P h e n y l b u t y r a t e e 

- , -Pheny lb i t t y r amide 
;3-(3-Indole)-propionate^ 
^ - ' ^ - Indo le ) -p rop ionami ( i e 
-, - ' 0 - I n d o l e ) - b u t y r a t e ^ 

" Revised values19 of Huang and Xaemann16 for aqueous 
solutions at 2.I0 and pH 7.9 and 0.02 M in the THAM com­
ponent of a THAM-HCl buffer. ' Values of Neurath and 
Gladner12 for aqueous solutions at 2.5° and pli 7.8 and 0.1 M 
in a phosphate buffer. " In units of 10~3 M. d The values 
given in this column do not differ significantly from the pre­
viously reported values16 except for a more realistic probable 
error. ' Since this inhibitor was added to the reaction sys­
tem in the form of its sodium salt the corresponding K] 
value is subject to correction for an ionic strength effect13 

which in this instance is probably less than the estimated 
experimental error. f Values of - A F 0 in kcal. per mole at 
25° to the nearest 0.1 kcal. 

corresponding to a change in — AF" at 25° of approx­
imately 1 kcal. bv simplv transferring the system 
from a 0.02 M uni-univalent T H A M - H C l buffer to 
a 0.1 M uni-polyvalent phosphate buffer. Tha t this 
effect is due to an electrostatic repulsion of the 
negatively charged carboxylate group, present in 
the bifunctional competitive inhibitors, by a nega­
tive charge at or near the catalytically active site 
of the enzyme which is operative, in aqueous solu­
tions at 23° and pK 7.9 ± 0.1 in a 0.02 Muni-univa­
lent T H A M - H C l buffer bu t which is not operative 
in a 0.1 M uni-polyvalent phosphate buffer is sug­
gested by the fact tha t in the former system the Ai 
values of the bifunctional competitive inhibitors 
bearing a negatively charged carboxylate group are 
approximately five, actually 3.0-0.5, times greater 
than the A'j values of the corresponding uncharged 
amides, whereas the latter A"i values are identical, 
within the limits of experimental error, with the Ai 
values observed by Neurath and Gladner12 for the 
corresponding earboxvlate ions in the presence of a 
0.1 M phosphate buffer. 

Further evidence for the existence of an electro­
static repulsion arising from the interaction of a nega­
tively charged species with a negative charge a t or 
near the catalytically active site of the enzyme in 
systems containing a uni-univalent T H A M - H C l 
buffer was obtained bv Hogness and Niemann2" in 
their study of the kinetics of the a-chymotrypsin-
catalyzed hydrolysis of acetyl-L-tyrosinhydroxam-
ide wherein it was found tha t the effective concen­
tration of the specific substrate a t pH values greater 
than 7.6 was demonstrably diminished by an ioniza­
tion process which resulted in the formation of in­
creasing amounts of the negatively charged acetyl-
L-tyrosinhydroxamate ion. 

In order to gain additional information with re­
spect to the possible interaction of negatively charged 
species with the catalytically active site of the en-
zvme, particularly in reaction systems containing a 
uni-univalent buffer, we have in this study evalu­
ated the enzyme inhibitor dissociation constants of 
cv-chymotrvpsiii and a series of charged and un­
charged competitive inhibitors of this enzyme when 

(20) I) . S. Hottness and C. N i e m a n n , ibid., 76 , SS-t (1953). 
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the reactants were present in aqueous solutions at 
25° and pB. 6.9 and 0.2 M in the THAM compo­
nent of a uni-univalent THAM-HCl buffer in order 
that they could be compared with the correspond­
ing values which had been determined previously 
under the same conditions except at pH 7.9 and in 
solutions 0.02 M in the THAM component of a 
THAM-HCl buffer.16.19'21-27 

While it would have been preferable, had it been 
experimentally feasible, to maintain the buffer con­
centration, in the experiments at pK 6.9, at 0.02 M 
in the THAM component of a THAM-HCl buffer, 
the fact that it was not so maintained is relatively 
unimportant for the case at hand since the antici­
pated increase in initial velocities expected from an 
increase in the ionic strength of the reaction system, 
and the concomitant underestimation of the respec­
tive values of i?i.19'27 is probably well within the 
limits of experimental error encountered in the 
present study. The values of Ki so obtained are 
summarized in Table II. It should be noted that 
the values given in Table II are not the original 
values2'16,21-26 but are the revised values19'27 which 
have been obtained from the original primary 
data2,16'21""26 through the use of evaluation proce­
dures which are more objective than those used pre­
viously. 18.19'27.28 

TABLE II 

pit DEPENDENCE OF SEVERAL ENZYME-INHIBITOR DISSOCIA­

TION CONSTANTS"'1 

-AFOd i 
Ki X 10» Af « J H JiH -A 

Inhibitor J H 7.9 J H 6.9 7.9 6.9 F " 

Acetyl-D-tryptophan-
amide 

Acetyl-D-phenylalanin-
amide 

Acetyl-D-trypto­
phanate ' 7 . o i l . 5 1.3 ± 0 . 2 2.9 3.9 1.0 

Acetyl-L-trypto-
phanate ' 10 ± 2 2.0 ± .3 2.7 3.7 1.0 

(S-(^-Indole)-pro-
pionate / 15 ± 3 1.5 ± .3 2.5 3.9 1.4 

D-Tryptophanamide" 4.Od= 1.0 5.0 ± 1 . 0 3.3 3.1 - 0 . 2 
Tryptamme" 2.3 ± 0 . 4 2.5 ± 0 . 5 3.6 3.5 - 0 . 1 

" In aqueous solutions at 25°. h Values at ^H 7.9 deter­
mined with 0.02 M THAM-HCl buffer, those at pK 6.9 
with 0.2 M THAM-HCl buffer. " Values of Ki are the 
revised values19'27 based upon primary data presented either 
in previous publications16'21 ~26 or in the Ph .D . thesis of R. 
J. Foster.2 d In kcal. per mole at 25° to the nearest 0.1 
kcal. " Positive values indicate a greater affinity at pH 6.9 
than at pH 7.9. ! Since this inhibitor was added to the re­
action system in the form of its sodium salt, the corre­
sponding Ky value is subject to additional correction for an 
ionic strength effect19'27 which in this instance is probably less 
than the estimated experimental error. "See text. 

It will be seen from the data presented in Table II 
that the Ki values of acetyl-D-tryptophanamide and 
acetyl-D-phenylalaninamide which were obtained 
at pH 7.9 in solutions 0.02 M in the THAM com­
ponent of a THAM-HCl buffer are identical, within 

(21) H. T. Huang and C. Niemann, T H I S JOURNAL, 73, 1541 (1951). 
(22) Idem., ibid., TS, 1555 (1951). 
(23) Idem., ibid., 73, 3223 (1951). 
(24) Idem., ibid., 74, 101 (1952). 
(25) H. T. Huang, R. J. Foster and C. Niemann, ibid., 74, 105 

(1952). 
(26) H. T. Huang and C. Niemann, ibid., 74, 4634 (1952). 
(27) R. J. Foster, H. J. Shine and C. Niemann, ibid., 77, 2378. 

(1955). 
(28) R. J. Foster and C. Niemann, ibid., 77, 1886 (1955), 

2.3 ± 0.4 1.7 ± 0.3 3.6 3.8 

12 ± 3 10 ± 2 2.6 2 .7 

0 .2 

0.1 

the limits of experimental error, with those ob­
tained for these two uncharged competitive inhibi­
tors at pYL 6.9 in solutions 0.2 M in the THAM com­
ponent of a THAM-HCl buffer. Thus, on the basis 
of the above evidence, it appears that not only is 
the increase in the buffer concentration from 0.02 to 
0.2 M without significant effect upon the Ki values 
of the above two competitive inhibitors but that 
there is also no significant increase in the affinity of 
the catalytically active site of a-chymotrypsin for 
uncharged competitive inhibitors of this enzyme 
when the acidity of the reaction system is increased 
by a factor of ten, i.e., from pB. 7.9 to 6.9 for aque­
ous solutions at 25° and, respectively, 0.02 and 0.2 
M in the THAM component of a THAM-HCl buf­
fer. 

In contrast to the situation noted immediately 
above, it will be seen, cf. Table II, that when nega­
tively charged competitive inhibitors are consid­
ered, e.g., acetyl-D-tryptophanate, acetyl-L-trypto-
phanate and /3-03-indole) -propionate, the Ki values 
at p~H. 7.9 are significantly greater than the corre­
sponding values of Ki at ^H 6.9 and that a tenfold 
increase in the acidity of the reaction system from 
^H 7.9 to 6.9 causes a five- to tenfold increase in 
the affinity of the catalytically active site of a-chy­
motrypsin for these anionic competitive inhibitors. 
Since there can be no doubt that each of the above 
three competitive inhibitors are present in aqueous 
solutions as the negatively charged anion in the re­
gion between pK 7.9 and 6.9 it follows that the in­
crease in affinity that has been observed may be 
ascribed to a substantial protonation at pH 6.9 of 
a negatively charged group which is present at or 
near the catalytically active site of a-chymotrypsin 
and which at pK 7.9 appears to be protonated to a 
far lesser extent. It is interesting that this group 
which seems to be substantially ionized at pil 7.9, 
and thus contributes at this ^ H to a far greater ex­
tent than at pYL 6.9 a negative charge to the envi­
ronment of the catalytically active site also appears 
to be so disposed with respect to the other struc­
tural features of the active site of the enzyme as to 
be able to participate in a coulombic repulsion with 
both acetyl-D-tryptophanate and acetyl-L-trypto-
phanate to approximately the same degree when 
these latter two negatively charged species are pres­
ent at the active site of the enzyme in their respec­
tive modes of combination. 

The ammonium group of a protonated D-trypto-
phanamide is known to have a pK'^ value of 7.5 ± 
O.l23 and it follows from this information that at 
both pH. 7.9 and 6.9 one is confronted with a mix­
ture of the amino and ammonium forms of this 
competitive inhibitor. At pH 7.9 the amino form 
predominates, i.e., in the ratio of ca. 7:3 and at pH 
6.9 the ammonium form is the most abundant, i.e., 
in the ratio of ca. 4 :1 . There is no a priori reason 
to expect that the group which appears to con­
tribute a substantial negative charge to a region of 
the catalytically active site of the enzyme at pH 
7.9, because of a far greater extent of ionization at 
pYL 7.9 than at pK 6.9, must necessarily engage in 
a coulombic attraction with the positively charged 
ammonium group which is present in the proton­
ated D-trytophanamide. Therefore, one could inter-
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pret the equivalence, within the limits of experi­
mental error, of the two Ki values which are given 
in Table I I for this competitive inhibitor, even 
though these constants are clearly composite in na­
ture, to mean t h a t in so far as combination in all 
modes is concerned it makes little or no difference 
whether the amino group of D-tryptophanamide is 
or is not protonated. However, it could be alter­
natively assumed tha t a coulombic at tract ion such 
as tha t postulated above, does take place and that 
the effect of increased protonation of the amino 
group of D-tryptophanamide in passing from pYL 
7.9 to 6.9 is almost exactly counterbalanced by a 
decreased ionization at pH 6.9 of the group which 
is capable of contributing a negative charge to the 
environment of the catalytically active site particu­
larly at pH 7.9 where a pronounced decrease in 
the affinity of the active site for certain negatively 
charged competitive inhibitors of a-chymotrypsin 
is observed. 

The case of t ryptamine is in a sense less ambiguous 
than tha t of D-tryptophanamide since the former 
base with a PK'A value of approximately ten29 

for the protonated species is, for all practical pur­
poses, completely protonated at both pH 7.9 and 
6.9. Therefore, the Ki values which are given in 
Table I I for t ryptamine a t pH 7.9 and 6.9 can be 
taken as the enzyme-inhibitor dissociation con­
stants of a-chymotrypsin and monoprotonated 
t ryptamine at these respective pH values. The fact 
that the Ki values a t pK 7.9 and 6.9 are identical, 
within the limits of experimental error, cf. Table I I , 
affords no evidence of the existence of a coulombic 
attraction between the positively charged ammo­
nium group of protonated t ryptamine and the nega­
tive charge which is assumed to be present a t or 
near the catalytically active site particularly a t p H 
7.9. Therefore, if it is assumed tha t at pH 7.9 only 
a single negative charge is present in the region of 
the catalytically active site, one also must assume 
tha t the modes of combination of protonated t ryp­
tamine with the catalytically active site of a-chy­
motrypsin are such as to minimize or avoid juxta­
position of the positively charged ammonium group 
which is present in the inhibitor with the group 
which appears to be present in a region of the active 
site of the enzyme and which seems to contribute a 
negative charge to this region to a far greater extent 
at pH 7.9 than a t 6.9. However, it does appear 
strained to postulate two substantially different 
modes of combination for the positively charged 
protonated t ryptamine and the negatively charged 
(3- (0-indole) -propionate. Hence, it should be noted 
that all of the observations made in this study, with 
the possible exception of those relative to D-trypto­
phanamide where the Ki values observed at pH. 7.9 
and 6.9 are clearly composite in nature and conse­
quently are difficult to interpret, vide ante, can be 
accommodated if it is assumed tha t in the environ­
ment of the catalytically active site there are two 
groups capable of ionization to give negative 
charges, one of which is completely ionized, or 
nearly so, both at p~R 7.9 and 6.9 and the other of 
which is significantly ionized only at £>H 7.9. If 
this situation prevails, then it would be expected 

(29) Unpublished observation of R. A. Bernhard. 

tha t the Ki values of a-chymotrypsin and competi­
tive inhibitors of this enzyme which are uncharged 
or bear a single positive charge, such as is present in 
monoprotonated t ryptamine, would be substan­
tially independent of the pH of the reaction system 
between the limits of pK 7.9 and 6.9 and tha t the 
Ki values of a-chymotrypsin and competitive inhib­
itors of the type of acetyl-D-tryptophanate, ace-
tyl-L-tryptophanate or /3-(/3-indole)-propionate, in 
which a single negative charge is present, would be 
more dependent upon the pH of the reaction system 
within the above-mentioned limits with the A'I 
value of any one of these lat ter anionic competitive 
inhibitors being greater at pH 7.9 than at 6.9. 
While it cannot be said tha t the existence of one or 
more groups capable of ionization to give negative 
charges in the environment of the catalytically ac­
tive site of a-chymotrypsin under a certain set of re­
action conditions is well established the evidence 
that is presently available appears to afford no 
other interpretation of the da ta tha t has been ob­
tained from the studies conducted in aqueous solu­
tions a t 25° in the presence of a uni-univalent 
T H A M - H C l buffer. 

If it is admitted tha t for a reaction system at pH 
7.9 and containing a uni-univalent T H A M - H C l buf­
fer the active site of a-chymotrypsin contains a 
negative charge wThich is largely lost at pH 6.9, it is 
necessary to inquire as to why the replacement of a 
uni-univalent T H A M - H C l buffer of pK 7.9 by a 
uni-polyvalent phosphate buffer of approximately 
the same p~il should cause such a marked decrease 
in the Ki values of the anionic bifunctional competi­
tive inhibitors which were considered in Table I. 

The experiments of Bergmann and Fruton4-57 

with respect to the non-hydrolyzability of com­
pounds of the type R C O N H C H R ' C O N H C H 2 C 0 2 ~, 
vide ante, throw little light on the problems associ­
ated with the presence of charged groups in the en­
vironment of the catalytically active site of a-
chymotrypsin because it is not known whether the 
above compounds were not hydrolyzed because they 
were unable to combine with the catalytically 
active site of the enzyme or whether combination 
did take place bu t the susceptibility of thehydrolyz-
able bond to subsequent reaction was so decreased 
by the presence of the adjacent carboxylate group 
tha t no significant hydrolysis could be observed 
with the methods used by the above investigators. 
In contrast to this situation it is clear tha t the dif­
fering behavior, in phosphate and THAAI-HCl buf­
fers, of the series of so-called bifunctional competi­
tive inhibitors of the type R(CH 2)MC0 2~ which were 
studied by Neurath and Gladner,12 in a 0.1 M phos­
phate buffer a t ^ H 7.8, and by Huang and Nie­
mann,18 in a 0.02 M T H A M - H C l buffer at pR 7.9, 
may be interpreted in terms of an increased affinity 
of the active site of the enzyme for these bifunc­
tional competitive inhibitors in the presence of phos­
phate over tha t which obtains in the T H A M - H C l 
buffer. While it may seem odd tha t a negatively 
charged ion should enhance the affinity of a cataly­
tically active site which possesses one or possibly 
two negative charges for a negatively charged bi­
functional competitive inhibitor of the type 
R(CH2)nC02~, we wish to suggest t ha t such a situa-



tion could arise if through the interaction of phos­
phate ion with the enzyme in the neighborhood of 
the active site the conformation of the active site is 
so altered as to permit the combination of the above 
type of bifunctional anionic competitive inhibitor 
with the active site of the enzyme in modes which 
do not bring the negatively charged carboxylate 
group of the inhibitor into juxtaposition to the 
negative charge or charges which are present at the 
site and which are forbidden, because of steric rea­
sons, in the conformation of the site which obtains 
in the absence of phosphate ion, i.e., in the presence 
of the THAM-HCl buffer. While the above hy­
pothesis provides a reasonable explanation of the 
differing results obtained by Neurath and Gladner12 

and by Huang and Niemann16 we wish to point out 
that there is no evidence that is available at the 
present time with respect to the behavior of anionic 
trifunctional competitive inhibitors of the type 
R'CONHCHRC02- and until such studies, which 
are now in progress, are completed, it is necessary 
that we withhold judgment as to the general be­
havior of competitive inhibitors of the latter type. 

Experimental 
Specific Substrate.—All experiments were conducted 

with L-tyrosinhydroxamide as the specific substrate, which 
was prepared as described by Foster, Jennings and Nie­
mann.30 The values of Ks and £3 for this specific substrate 
in aqueous solutions at 25° and pH 6.9 and 0.2 M in the 
THAM component of a THAM-HCl buffer are 41 ± 2 X 
10- 8 M and 3.6 ± 0.2 X 10~3 Af/min./mg. protein-nitro­
gen/ml., respectively.28'30 

Competitive Inhibitors.—All of the inhibitors emploj'-ed 
in this study, with but one exception, have been described 
previously, i.e., acetyl-D-tryptophanamide,21 '22,28 acetyl-
D-phenylalaninamide,26 acetyl-D-tryptophanate,23 acetyl-L-
tryptophanate,2 1 0-(/3-indole)-propionate,16 D-tryptophan-
amide23 and tryptamine.24 D-Tryptophan, which had not 
been studied earlier, was prepared by the resolution of DL-
tryptophan ethyl ester with a-chymotrypsin and the D-
antipode was observed29 to possess an [<*]2SD 32.5° (c 0 .5% 
in water). Berg31 gives a value of [a]26D 32.45°. 

a-Chymotrypsin.—An Armour preparation Ko. 90402 was 
employed and in every instance the enzyme concentration 
was maintained at 0.104 mg. protein-nitrogen/ml. 

0 In aqueous solutions a t 25° and pK 6.9 and 0.2 M in 
the THAM component of a THAM-HCl buffer, enzyme 
concentration 0.104 mg. protein-nitrogen/ml., i.e., [E] = 
2.95 X 10~5 M. b Vs. L-tvrosinhydroxamide with Ks = 
41 ± 2 X 10"3 M, k3 = 3.6 ± 0.2 X 10~3 Af/min./mg. 
protein-nitrogen/ml.,28 '30 and Es' = 0.07 X 1O - .2 "Six 
experiments at six initial specific substrate concentrations 
within the limits indicated. d Ss' = 0.10-0.37. • Five ex­
periments at five specific substrate concentrations within the 
limits indicated. f Ss' = 0.12-0.37. "Four experiments 
at four specific substrate concentrations within the limits 
indicated. h Partially protonated. ' Fullv protonated. 

Enzyme Experiments.—AU experiments were conducted 
in aqueous solutions at 25° and pK 6.9 and 0.2 M in the 
THAM component of a THAM-HCl buffer and the extent 
of reaction, at the various initial specific substrate and in­
hibitor concentrations was determined colorimetrically as 
described by Foster, Jennings and Niemann.30 The initial 
velocities were determined by the method of Jennings and 
Niemann18 from both zero and first-order plots of the pri­
mary data, and the respective values of K\ were evaluated 
from subsequent Do versus Dn/[S]o plots19,27'28; cf. Figs. 1 
and 2. From the summary of the inhibition experiments 
which is given in Table III it will be seen that in everv case 
[E] was of the order of lO"5 M, Es' < 0.1 X 10~2, Ei' < 
2.5 X 10"2 , SB' within the limits of 0.1-0.4 and I1' > 0.4. 
Thus all experiments were conducted under conditions com­
patible with the evaluation procedures employed.19'27'28 For 
purposes of calculation monomeric a-chymotrypsin was as­
sumed to have a molecular weight of 22,000 and a nitrogen 
content of 16.0%.19'27'28 

Fig. 1.—Competitive inhibition of the a-chymotrypsin 
catalyzed hydrolysis of L-tyrosinhydroxamide by: a, acetyl-
D-phenylalaninamide, [I] = 5.0 X 1O -3 M; b, /3-(/3-indole)-
propionate, [I] = 1.0 X 1 0 - 3 M; c, acetyl-D-tryptophan-
amide [I] = 1.5 X 1O -3 M; d, tryptamine, [I] = 3.0 X 
10- 3 M; V0 in units of lO"3 M/mm.; [S]0 in units of 10"3 M. 

Fig. 2.—Competitive inhibition of the a-chymotrypsin-
catalyzed hydrolysis of L-tyrosinhydroxamide by: a, D-
tryptophan, [I] = 2.4 X 10~3 M; b, D-tryptophanamide, 
[I] = 3.0 X 1 0 - 3 M; c, acetyl-D-tryptophanate, [I] = 
1.0 X 10~3 M; d, acetyl-L-tryptophanate, [I] = 2.0 X 10"3 

M; D0 in units of 1 0 - 3 M/mm.; [S]0 in units of 10"3 M. 


