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a-N-Carbethoxy-pL-tyrosine Ethyl Ester.—To a solution
of 100 g. of pL-tyrosine ethyl ester in 500 ml. of pyridine,
maintained at 5-10°, was added dropwise and with stirring
over a period of 1 hr., 58 g. of ethyl chlorocarbonate. The
pyridine was removed iz vacuo, the resulting sirup dissolved
in 300 ml. of chloroform, the solution extracted with cold 1
N aqueous hydrochloric acid, the chloroform phase dried
and the solvent removed iz vacuo to give 91 g. of colorless
prisms, m.p. 87.2-90.3°.

a-N-Carbethoxy-p-tyrosine Ethyl Ester.—a-Chymotryp-
sin, 75 mg., was added to a stirred solution of 75 g. of a-N-
carbethoxy-DL-tyrosine ethyl ester in 500 ml. of methanol
and 1400 ml. of water, maintained at 30-35° and containing
sufficient phenol red indicator to follow visibly the pH of the
reaction mixture. As the asymmetric hydrolysis proceeded,
5.46 g. of sodium hydroxide in 336 ml. of water was added at
a rate sufficient to maintain the pH of the reaction mixture
at pH 7-8. After 4 hr. the reaction was essentially com-
plete and the volume of the solution was reduced by ca.
400 ml. by evaporation ¢n wacuo. The residue was ad-
justed to pH 8.5 and extracted with four 200-ml. portions
of chloroform. Evaporation of the chloroform phase gave
a sirup which could not be crystallized.

a-N-Carbethoxy-p-tyrosinamide. —A sirupy preparation
of @-N-carbethoxy-p-tyrosine ethyl ester obtained from the
enzymatic resolution of 55 g. of a-N-carbethoxy-pL-tyrosine
ethyl ester was dissolved in 150 ml. of absolute methanol
and the solution saturated with anhydrous ammonia at 0-
5°, The reaction mixture was allowed to stand at room
temperature for 2 days, the excess ammonia and solvents
removed by evaporation in vacuo and the residue allowed to
crystallize. Recrystallization of the crude product from
water gave 7.6 g. of a-N-carbethoxy-p-tyrosinamide, color-
less needles, 156.6-158.1°, [«]®p —19.4° (¢ 5%, in methanol).

Anal. Caled. for CpHiO:N: (252): C, 57.1; H, 6.4;
N, 11.1. Found: C, 57.4; H,6.2; N, 11.1.

Enzyme Solutions.—Aqueous stock solutions of crystal-
line a-chymotrypsin were prepared daily and were kept at
4° between the intervals in which they were brought to 25°
prior to introduction into the reaction mixtures.

Buffer Solutions.—~THAM was recrystallized three times
from distilled water prior to the preparation of stock solu-
tions which were adjusted to the desired pH by titration
with aqueous hydrochloric acid.

Formaldehyde.—Merck reagent grade formaldehyde
(36-38% in water) was adjusted to pH 8 prior to its use in
the formol titrations.

Ferric Chloride Solution.—The ferric chloride solution
used for the spectrophotometric determination of a-N-
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acetyl-L-tyrosinhydroxamide was prepared as follows:
354.0 g. of reagent grade ferric chloride hexahydrate was dis-
solved in 500 ml. of water and 16.3 ml. of concd. hydrochlo-
ric acid. The solution was then made up to 1000 ml. with
absolute methanol. This solution was turbid when first
prepared but became clear after filtration through a What-
man No. 1 paper and standing for two days.

Enzyme Ezxperiments.—All enzymatic hydrolyses were
conducted at 25.0° in aquedus solutions containinga THAM-
HCI buffer and in the manner described by Huang and Nie-
mann.? The titrimetric method of analysis used in all ex-
periments with «-N-carbethoxy-L-tyrosinamide was iden-
tical with that described by Huang and Niemann® and
earlier by Iselin and Niemann.% The experimeunts involv-
ing the use of a-N-acetyvl-L-tyrosinhydroxamide as a specific
substrate were followed by a modification of the procedure
of Hogness and Niemann.?® In the present experiments,
the absorbance, at any time ¢, of unhydrolyzed a-N-acetyl-
L-tyrosinhydroxamide, as its ferric chloride complex, was
determined at 515 mu with a Beckman Model B Spectro-
photometer. From the reaction mixtures at pH 7.6 and
0.27 M in the THAM component of the THAM-HCI buffer
1.0-ml. aliquots were withdrawn at pre-selected time inter-
vals and delivered into 10-ml. G. S. volumetric flasks con-
taining 1.0 ml. of the ferric cliloride solution and 7.5 ml.
of absolute methanol. The solutions were adjusted to 10.0
ml. with absolute methanol, mixed and the absorbance de-
termined with the spectrophotometer set at 1009, trans-
mission for a blank, prepared in the same manner as above,
but containing instead of 10 ml. of reaction mixture, 1.0 ml.
of a solution consisting of enzyme, buffer and water. In
the case of those experiments with [S]y = 15t040 X 1073 M/
it was necessary to increase the dilution of the colored ferric
complex in order to facilitate measurement. This was
achieved by employing 25-ml. G. S. volumetric flasks and
delivering the 1.0-nil. aliquot of the reaction mixture into
1.0 ml. of the ferric chloride solution and 22.5 ml. of abso-
lute methanol and then making up to volume with absolute
methanol.

Determination of pH-Optimum .—The experiments, which
led to the data summarized in Fig. 1, were conducted in
aqueous solutions at 25° and 0.02 M in the THAM compo-
nent of a THAM-HCI buffer with [E] = 0.266 mg. protein-
nitrogen per ml. of Arniour preparation no. 10705. [S], =
10 X 1073 M and ¢, time of reaction, of 20 min.

(36) B, M. Iselin and C, Niemann, J. Biol. Chem., 183, 821 (1950).
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A detailed analysis has been made of tlie effect of sodium and calcium chlorides on the rate of the a-chymotrypsin-catalyzed
hydrolysis of methyl hippurate and of sodium, calcium and magnesium chlorides on the rate of the comparable reaction in-

volving acetyl-L-valine methyl ester.

It has been shown?® that in the a-chymotrypsin-
catalyzed hydrolysis of methyl hippurate, in aque-
ous solutions at 25° and pH 7.90 = 0.01 in the pres-
ence of sodium chloride, at concentrations of so-
dium chloride greater than 1 M the value of K’ is

(1) Supported in part by a grant from the National Institutes of
Health, U. S. Public Health Service.

(2) To whom inquiries regarding this article should be sent.

(3) R. B. Martin and C. Niemann, THIS JOURNAL, 79, 4814 (1957).

(4) The symbols Kg’ and %'s are used herein with reference to the
dependence of the rate upon the initial specific substrate concentration
and refer to apparent constants which may be composite in nature.
However, for the purposes of this communication it is unimportant
whether the constants are simple or complex.

Less extensive studies with seven additional salts also are reported.

essentially constant but as the concentration of so-
dium chloride is decreased below 1 A, the value of
K¢’ begins to increase, slowly and then rapidly, and
as the system approaches zero ionic strength the
value of K's' tends to become large. While the value
of ks’ generally decreases with decreasing concen-
tion of sodium chloride, at concentrations below 1
M the value of k3’ decreases more rapidly than at
concentrations above 1 M and as the system ap-
proaches zero ionic strength, the value of %;' ap-
pears to become small. In this investigation the
above studies have been extended to include ex-
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amination of the effect of varving concentrations of
sodium and calcium chlorides on the a-chyiuiotryp-
sin-catalyzed hvdrolysis of inethyl hippurate in
aqueous solutions at 25.0° and pH 7.90 = 0.01,5
of varying concentrations of sodium, magnesium
and calcium chlorides on the comparable hydrolysis
of acetyl-L-valine methyl ester® and the relative
effect of 1 M concentrations of lithium chloride,
potassium chloride, sodium chloride, sodium bro-
mide, sodium iodide, sodium nitrate, sodium ace-
tate, magnesium chloride, calcium chloride and tet-
ramethylammonium chloride and 0.5 and 1 M so-
dium sulfate on the values of Ks’and k' of the
latter specific substrate.

The basic data relative to the effect of varying
concentrations of sodium and calcium chlorides on
the a-chymotrypsin-catalyzed hydrolysis of methyl
hippurate and of sodium, magnesium and calcium
chlorides on the comparable reaction of acetvl-L-
valine methyl ester are summarized in Table I. It
should be noted that at each salt concentration the
kinetics with respect to dependency upon the initial
specific substrate concentration are described by
equation 1 and in every case values of Ks’ and k5’
were obtained by a least squares fit to the relation

([SO] [E]/”u) = (KS’/ka’) + ([S]o/ks’)-7
w = d[P]/d¢ = k[E][S]/(Ks’ + [S]) 1

The agreement between the experimentally deter-
mined values of v, evaluated by the empirical or-
thogonal polynomial procedure of Booman and
Niemann®® and those expected on the basis of a
linear relationship between [S]y/v and [S17 is il-
lustrated by representative data presented in Fig. 1.

Exploratory experiments involving prior incuba-
tion of the enzyme or the specific substrate with
either sodium or calcium chloride produced no
change in the rate of reaction, which otherwise was
observed after adding an essentially salt free en-
zyme solution to the remainder of the initial reac-
tion system. Therefore, it may be concluded that
all components of the initial reaction system were
in equilibrium with each other. At no time was
any evidence obtained to suggest that the presence
or absence of any of the salts employed in this study
led to an irreversible process, e.g., classical denatu-
ration and total inactivation of the enzyme.*

The data given in Table I were examined with
respect to possible linear relationships between log
Ks' and log ks’ and ionic strength or its square root.
In no case was such a relationship observed, and it
appears reasonable to conclude that the data sum-
marized in Table I cannot be explained in terins of
a simple ionic strength effect.

(5) T. H. Applewhite, R. B. Martin and C. Niemann, THIS JOURNAL,
80, 1457 (1938).

(0) T. H. Applewhite, H, Waite and C. Niemann, ibid., 80, 1465
(1957).

(7) H. Lineweaver and D. Burk, ibid., §6, 658 (1934).

(8) K. A. Booman and C. Niemann. ibid., T8, 3642 (1858).

(9) In those cases where the recorder traces of extent of reaction
vs. time were linear in the interval from 0 to 8 min.. » was evaluated
directly from the sfopes of the traces.

(10) There are two salts, i.e., sodium perchlorate and sodium thio-
cyanate, that may not fall in this category. Because their use re.
sulted in enzyme blanks® an order of magnitude greater than those
othzrwise observed and because the rates observed in their presence
were erratic no attempt was made to use them in this study.
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TABLE I
DepeNDENCE OF Ky’ AND &3/ upoN AbpDED Sart”
Molality  Activity Ky'b ky'ced
Methyl hippurate-sodiuim chloride®

Molarity

0.020 0.020 0.017 7.6 0.4 2.9
. 080 .080 .063 5.3 % .4 3.3
.100 .100 .Q78 5.1 % .3 3.4
.150 L1581 114 3.7x= .3 3.5
.20 .201 .148 3.0 .2 3.6
.50 .504 .343 2.9%x .2 4.2

1.00 1.02 670 2.8+ .1 4.5

1.50 1.55 1.01 2.6 .1 4.7

2.00 2.08 1.39 2,8+ .1 4.9

2.70 2.86 2.01 2.7+ .1 5.2

Methiyl hippurate—calcium chiloride’

0.20 0.201 0.095 4.5 £0.2 4.9
.40 .404 .181 4.0=x .2 3.2
.60 .609 276 3.1 .1 5.3
.90 .919 .448 2.4 % .1 5.0

1.20 1.24 .678 2.2+ .1 6.2

1.60 1.67 1.12 1.8 4 .1 6.3
Acetyl-t.-valine niethyl ester—sodium eliloride?

0.10 0.100 0.078 108 £ 9 2.2
.30 .302 .214 81 £ 4 2.3
.50 . 504 .343 73 £ 3 2.4
.80 .812 .537 52 %= 3 2.5

1.00 1.02 .670 44 = 2 2.6

1.25 1.28 .838 39 = 2 2.6

1.50 1.55 1.01 352 2.7

2.00 2.08 1.39 25+ 1 2.7

2.70 2.86 2,01 17 =1 2.8
Acetyl-1.-valine nietliyl ester—caleiumm chloride®

0.20 0.201 0.095 87 = 6 3.0
.40 .404 .181 73 £ 4 3.6
.60 .609 .276 62 = 3 3.8
.80 .816 .385 53 = 2 3.9

1.0 1.03 .518 51 %2 4.2

1.5 1.56 .088 49 = 2 5.5

2.0 2.11 1.81 46 = 2 5.9
Acetyl-1.-valinle methyl ester-magnesium chloride’

0.10 0.101 0.054 84 = 7 2.2
.30 .312 . 149 48 &= 3 2.1
.50 .534 .258 36 £ 3 2.1
.75 . 829 .439 322 2.3

1.00 1.15 .705 28 £ 2 2.3

1.50 1.86 1.78 28 = 2 3.0

¢« In aqueous solutions at 25.0° and pH 7.90 == 0.01.
b I units of 1078 M. ¢ In units of 107® M /min./mg. pro-
tein-nitrogen per ml. ¢ ==0.1. ¢ Values of Kg’ and k;’
based upon 8 to 11 experiments with [S], varied from 5 to
30 X 107% M and [E] from 0.035 to 0.15 mg. proteiu-
nitrogen per ml. 7 Values of Ks’ and &'; based upon 9 to 10
experiments with [S], varied from 5 to 30 X 107 M and
[E]from 0.035 to 0.15 mg. protein-nitrogen per ml. ¢ Values
of Ks’' and k’s based upon 7 to 12 experiments with [S]p
varied from 10 to 60 X 1072 M and [E] froin 0.050—0.15 mg.
protein-nitrogen per ml. * Values of Ks’ and k' hased
upon 8 to 10 experiments with [S], varied from 10 to 55 X
1073 Af and [E] from 0.045 to 0.15 ing. protein-nitrogeu
per ml. ¢ Values of Kg’ aud k;’ based upon 7 to 9 experi-
meuts with [S]p varied from 10 to 50 X 10™% M aud [E]
from 0.050 to 0.15 mg. protein-nitrogen per ml,

Alternatively, let us consider the reactions repre-
sented by equations 2 to 7 inclusive.

There are two general methods that may be used
for a solution of the situation represented by equa-
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Fig. 1.—~a-Chymotrypsin-methy! hippurate-sodium clilo-
ride: [S]o/w[E] in units of min./mg. protein-nitrogen
per ml, [S]o in units of 103 A; M molarity of sodium
chloride.

tions 2 to 6 inclusive, i.e., a steady-state treatment
where K1 = (k=1 + ko)/k1, K2 = k_o/ks, K3 =
(k=2 + ks)/k3 and K, = (k—, -+ ks)/k4 and the less

exact equilibrium solution where K; = k_,/k,
ky
E + S *5 ES (09}
by
ky
E+ M= E’ 3)
k.,
ky
ES + M ™ E’'S (4)
k3
k,
E'+S Z E'S (5)
by
ks
ES—> E'4+ P (6)
k
ES —> E + P @
K, = k_g/kg, K; = k—a/ks and K4 = k_4/k4. It has

been shown by Segal, Kachmar and Boyer!! that
the equilibrium solution of equations 2 to 6 in-
clusive leads to equation 8, where in this case [M]
is the mean ion activity of the added salt, », the ini-
[Slo/we = ([S]o/ V)(1 + (Ks/[M])) + (1/ V(K +
(KiKy/M]) (8)

tial velocity and V the maximum limiting velocity
at high values of [S]y and [M]. Because of the
fre;c energy conditions of a cyclic process K1K; =

2434,

It will be seen that equation 8 predicts that plots
of [S]e/ve vs. [S]e at constant [M] and [M]/v, vs.

(11) H. L, Segal, J. F. Kachmar and P. D. Boyer, Engymologia, 15,
187 (1952).
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[M] at constant [S], will be linear. The complete
steady-state solution of equations 2 to 6 inclusive!?
is extremely complex and predicts that plots of
[Slo/zo vs. [S]o and | M ] /9 vs. [M] will not be linear.
While plots of [M ]/7 #s. [M] based upon data sum-
marized in Table I are not linear for the higher val-
ues of [M] those of [S]o/vevs. [S]are. Since both
are linear at lower values of [M] and because the
equation resulting from the complete steady-state
solution of reactions 2 to 6 inclusive!? is essentially
intractable for the problem at hand, the equilibrium
procedure leading to equation 8 was employed in
this study.

For a reaction represented by equation 9 we may,

kl, ksl
E+sTIES-—>E+P ©)
2

under certain conditions!? write equation 10, where
V' = ky [E]. Thus, for the case under considera-
([Slo/v’e) = ([S1e/ V') + (Ks'/V") (10)
tion the slope 1/V' = 1/V(1 + (K)'/[M])) and
[(M1/ks' = (IM]1/ks) + (K3/ks). 'Therefore, a plot
of [M]/ks' vs. [M] should give a straight line of
slope 1/ks; and intercept K;/k;. Similarly, from
the relation Ks' = V'(Ks’'/ V'), i.e., the product of
V'’ and the intercept Ks’/ V', it follows that Kg' =
V'{1/V(Ks + (KiKs/[M]))} and ((M]Ks'/ks') =
([M]K4/k5) + (K1K3/k5). Thus, a plOt of ([M]'
Ks'/ky') vs. [M] should be linear with a slope of
Ka/kls and intercept of K1K3/k5.

It was noted previously, vide post, that plots of
[Slo/v vs. [S]y were linear. The extent to which
plots of [M]/k;' vs. [M]and ([M]Ks/k;s') vs. [M]
were also linear is illustrated by the representative
example given in Fig. 2. In general, the plots of

T T T I T
o
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> ~
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X
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15’- 50

0.4 08 1.2 1.6 2.0
[M1NaCl.
Fig. 2.—a-Chymotrypsin-methyl hippurate-sodium chlo-

ride. Closed circles, [M]XK\//k’ X 10% open circles,
[M]/ks’; [M] mean ion activity of sodium chloride.

(12) L. L. Ingraham and B. Makower, J. Phys. Chem., 88, 260
(1954).

(13) R.J. Foster and C. Niemann, THIS JourNaL, 77, 1886 (1955).
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(IM]Ks'/Es") vs. [M] were linear over the range of
salt concentrations studied but occasionally tended
to depart from linearity at the higher salt concen-
trations, ¢f., Fig. 2. This was most noticeable with
acetyl-L-valine methyl ester and sodium chloride at
concentrations above 1 M. The plotsof [M]/k;’ vs.
[M] generally were of the character of the example
given in Fig. 2. The observed departure from lin-
earity at high salt concentrations may be due to a
superimposed ionic strength effect which might
tend to cancel out in plots involving Kg'.

A subjective estimate of the slopes and intercepts
of the[M]/k;'vs.[M]and ((M]Ks'/k;') vs. [ M] plots
led to the values of K, K, K;, K4 and ks summar-
ized in Table II.

TaBLE II
VALUES oF K, K3, K3, K AND k3°

Specific substrate Salt Kib Kb Kib Kb ks¢
Methyl hippurate NaCl 1.2 14 2.8 0.25 4.8
Methyl hippurate CaCly 1.5 20 2.5 0.19 6.1
Acetyl-L-valine

methyl ester NaCl 19 20 3.8 3.6 2.6
Acetyl-L-valine

methyl ester CaCl, 19 21 4.1 3.7 4.4
Acetyl-L-valine

methyl ester MgCl; 18 21 2.6 2.2 2.3

@ Based upon equations 2 to 8 inclusive aud the corre-
sponding definitions. ? In units of 1072 A/, ¢ In units of
1072 3} /min./mg. protein-nitrogen per mil.

The constant K, should be independent of the
nature of the added salt and dependent only upon
the nature of the specific substrate. It is also the
limiting value of Kg’ that should be observed in the
absence of any added salt if it were experimentally
possible to extend observations made at finite con-
centrations to zero salt concentration. It will be
seen that the values of K, given in Table II are
essentially independent of the nature of the added
salt and are in reasonable agreement with the re-
quirement that they be dependent only upon the
nature of the specific substrate.

The constant K, should be independent of the
nature of the specific substrate and may be depend-
ent only on the nature of the added salt. The val-
ues of K, summarized in Table II appear to be in
fair agreement with the first requirement since the
value of K, for methyl hippurate-sodium chloride
while lower than the rest is of the same order of
magnitude as the others. The apparent lack of
dependence of K, upon the nature of the added salt,
¢f., Table I, suggests that the nature of the added
salt may not be as important as the resultant mean
ion activity associated with its presence. It is this
result along with other considerations, vide ante,
that led us to equation 3 rather than one of the
form E + M < EM.

There is little that can be said with reference to
the constant K; other than that the values given in
Table IT suggest that this constant may be depend-
ent upon the nature of the specific substrate and in
somie cases also may be dependent upon the nature
of the added salt.

The constant K, is the limiting value of K5’ athigh
salt concentrations. In view of the fact that with
both K; and K, the values observed in the presence
of magnesium chloride appear to be low relative to
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those observed in the presence of either sodium or
calcium chloride, it should be noted that at pH 7.90
magnesium chloride possesses considerable buffer-
ing capacity which could lead to erroneous values of
70.' Whether this situation is or is not responsible
for the results summarized in Table II is not known.

It has been shown by Segal, Kachmar and Boyer!!
that several cases other than the one considered
above will give rate equations of the form required
for a reasonable description of the esperimental
data. Two of these cases are the steady-state solu-
tions of equations 2, 4 and 6 and of equations 3,
and 6. However, these latter two cases would al-
low no deviation from linearity as was actually ob-
served in some of the ([M]Ks'/k;') vs. [M] plots.
The equilibrium treatment of equations 2 to 6 in-
clusive may be considered to be the limiting case.
The deviations from linearity noted above could be
ascribed to the necessity of introducing the steady-
state solution which, as noted previously, is very
complex. In all of the alternative cases the inter-
pretation of the evaluated constants was less satis-
factory than that arising from the equilibrium solu-
tion of equations 2 to 6 inclusive and whicli was
used to obtain the values given in Table II.

The cases considered so far are examples of so-
called essential activation,!! 7.e., the presence of a
salt is necessary for the complete reaction and the
reaction represented by equation 7 does not occur.
In the ((M]Ks'/ky") vs. [M] plots the point corre-
sponding to the very lowest value of [M] was often
low as may be seen in Fig. 2. This anomaly could
arise from a slow decomposition of ES, assuming
that reaction 7 occurs. However, the evaluation of
this rate constant, 7.e., ks, would be very difficult.

The inclusion of equation 7 into the over-all rep-
resentation requires consideration of several cases
of so-called nom-essential activation.!' Both the
equilibrium and steady-state solutions of equations
2, 4, 6 and 7 give linear [S]y/v ws. [S]y plots and
non-linear [M]/v. vs. [M] plots.!! The latter con-
dition may appear to be satisfied in the present
study since the ((M]Ks'/k,") vs. [M]and [M]/k:" vs.
[M] plots are not always linear particularly at high
values of [M]. However, in the limnit where 2K, <
Es[M] only the steady-state treatment would be
compatible with the experimental observations and
in this case the reciprocal of the slope of the [M]/
ks’ vs.[M] plot would be k; which appears to be a less
satisfactory interpretation than the one leading to
k; and used above.

A more acceptable interpretation of the experi-
mental results, and one also involving non-essential
activation,'! is given by an equilibriumm treatment of
equations 2 to 7 inclusive,!! which predicts a linear
[S]o/zo vs. [S]s plot and a non-linear [M]/v vs. [M]
plot as has been observed in this study for the higher
values of [M]. When equation 7 becomes insig-
nificant this case reduces to that considered in detail
previously. The steady-state treatment of equa-
tions 2 to 7 inclusive requires that both the [S]¢/
2o vs. [S]o and [M]/zg vs. [ M] plots be non-linear."!

While it has not been possible to establish une-
quivocally one particular mechanism, it appears

(14) C. F. Jacobsen, J. Leonis, K. Linderstrom:Lang and M. O.

Heson, “Methods of Biochemical Analysis.' Vol. 4, lnterscience
Publishers, New York, N, Y., 19537, p. 190.
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that a representation based upon equations 2 to 7
inclusive affords the most satisfactory interpreta-
tion and that the equilibrium solution for this case
is adequate, In the absence of procedures suitable
for the evaluation of ks, the equilibrium solution of
the representation based upon equations 2 to 6 in-
clusive may be taken as the best available but ad-
mittedly approximate description of the influence of
several added salts on the «-chymotrypsin-cata-
lyzed hydrolysis of several representative ester
type neutral specific substrates.

In a previous communication® the dependence of
Ks' and k', for methyl hippurate, upon added so-
dium chloride was represented by two hyperbolic
curves. The curve for Ks’ may be described by the
equation [M(Ks'/ks' — Ku/ks) = K1Ky/ks and as
indicated previously K, is the limiting value of Kg’
at high salt concentrations. The value of K given
in Table I, 1.e., 2.5 X 1073 M is in good agreement
with the value of 2.7 X 10—% M observed at 2.70 M/
sodium chloride,® ¢f., Table I. From the relation
k' = k[M]/([M] + Kj) it follows that the curve
given for k; has the form [M (ks — ks') = k3’ K; with
the limiting value of %;” at high values of [ M] being
ks. The value of ks given in Table II, 7.e., 4.8 X
10— M/min./mg. protein—nitrogen per ml. is in
reasonable agreement with the value of 5.19, in the
same units, observed at 2.70 M sodium chloride,?
¢f., Table L.

It has been observed previously that in the a-
chymotrypsin-catalyzed hydrolysis of chloroacetyl-
L-tyrosinamide in aqueous solutions 0.05 to 1.50 M
in sodium chloride,’® of acetyl-L-tyrosinamide in
aqueous solutions 0.10 to 0.40 M in sodium phos-
phate!® and of a-N-nicotinyl-L-tyrosinhydrazide in
aqueous solutions 0.01 to 0.90 M in the amine com-
ponent of a THAM-HCI buffer? the value of Kg'
was constant within the limits of experimental error
whereas the value of ks’ increased with increasing
concentration of the added salt which in two of the
three cases was also functioring as a buffer.

For the equilibrium solution of the representa-
tions involving equations 2 to 6 inclusive and 2 to
7 inclusive and which were considered above, we
may write Ks’ = (Kj[M]+ K»)/({M]+ K;). For
Ks' to be constant as[M] varies at least one of the
following alternatives must be obeyed. First,
K; = Ksand Kg' = K4 = K;; second,[M] >> K;
and K, and hence Ks’ = K,; and third, K; and K,
>> [M] and therefore K5’ = K.

Some choice may be made from amongst the
above three alternatives if other considerations are
introduced. The second alternative, z.e., [M] >>
K3 and K. would predict, for the equilibrium solu-
tion of equations 2 to 6 inclusive and 2 to 7 in-
clusive that %3’ would not vary with [M]. Since
this is not observed the second alternative may be
excluded.

The first alternative, .e., K3 = K,, predicts
that the [M]/k’ vs. [M] plot employed earlier
would be linear for the equilibrium solution of equa-
tions 2 to 6 inclusive. For the equilibrium solution
of equations 2 to 7 inelusive the situation would be

(15) H. J. Shine and C. Niemann, THIS JOURNAL, T7, 4275
(1955).

(16) R. A. Bernhard and C. Niemann, $bid., 79, 4085 (1957),
(17) R, J. Kerr and C. Niemann, fbid., 80, 2249 (1958).
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more complex since both ks and ks would have to be
considered.

The third alternative, <.e., K; and K >> [M]
predicts that k3" would not vary with [M] for the
equilibrium solution of equations 2 to 7 inclusive,
but for the equilibrium solution of equations 2 to 6
inclusive the prediction would be the same as that
for the first alternative, i.e., a plot of [M]/k;’ vs.
[M] would be linear. While it is not possible to
decide between the first and third alternatives, it is
difficult to understand why Kj and Ko >> [M] for
two amide and one hydrazide type of specific sub-
strates and this is not so for two ester type of spe-
cific substrates, ¢f., Table II.

In the preceding discussion care was taken to
use the term added salt rather than to ascribe the
effects noted to a particular cation. The reason
for this precaution may be seen from the data given
it Table ITI where values of Ks' and k3’, obtained for
the a-chymotrypsin-catalyzed hydrolysis of acetyl-
L-valine methyl ester in aqueous solutions at 25.0°
and pH 7.90 = 0.01 and 1.0 M in a number of differ-
ent salts, have been summarized.

TaBLE III
VALUES oF Kg’' AND k3’ FOR ACETYL-L-VALINE METHYL
ESTER IN 1,00 M SoLUTIONS OF VARIOUS SALTS”

Salt Activity K's¢ ky! 700
Lithium chloride 52 £ 2 2.3
Sodium chloride 0.670 44 £ 2 2.4
Sodium bromide .705 52 2 2.3
Sodium iodide 60 = 3 2.0
Sodium nitrate . 566 49 = 2 2.1
Sodium acetate 53 £ 3 2.7
Sodium sulfate® .135 38 x1 2.5
Sodium sulfate? .206 171 2.7
Potassium chloride .623 48 = 2 2.3
Tetramethylammonium
chloride? 90 £ 6 2.2
Calcium chloride .518 51 £ 2 4.2
Magnesium chloride .705 28 £ 2 2.3

¢ In water at 25.0° and pH 7.90 == 0.01 unless otherwise
stated. ¢ Reaction mixture titrated with tetramethylam-
monium hydroxide, tetramethylammonium and hydronium
ion only cations in reaction system. ¢0.50 M sodium sul-
fate. 41,00 M sodium sulfate. ¢In units of 1073 M.
7/ In units of 107® M/min./mg. protein-nitrogen per ml.
7 +0.1.

The data for sodium, calcium and magnesium
chlorides, which were taken from Table I and which
are approaching the limiting values of K, and ks
given in Table II emphasize the behavior of mag-
nesium chloride in causing a diminution in the value
of Kg’, or K4, with no significant change in the value
of ks, or ks, relative to the values observed in the
presence of sodium chloride. Since a similar be-
havior is noted with respect to sodium sulfate, ¢f.,
Table ITI, it is not surprising that Jandorf® found
that the addition of magnesium sulfate caused a
marked increase in the rate of hydrolysis of acetyl-
L-tyrosine ethyl ester which now appears to be due
to the effectiveness of both magnesium and sulfate
ion in depressing the values of Kg’, or Ky, and thereby
increasing the rate. In contrast, the effect pro-
duced by calcium chloride appears to be due al-
most entirely to an enhancement in the value of k3,

(18) B. J. Jandorf, Federation Proc., 8, 186 (1950).
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or ks, with little or no effect on the value of Ks’, or
Ky Tt is unfortunate that the insolubility of cal-
cium sulfate does permit observations of the ex-
pected increase in rate arising from an increase in
ks and a decrease in K.

While it is tempting to speculate about the results
obtained with lithium, sodium, potassium and tetra-
methylamimonium chlorides and with sodium chlo-
ride, bromide, iodide, nitrate and acetate, ¢f., Table
III, it is clear that such speculation must be deferred
until comparisons can be made of systems possessing
uniform mean ion activities. Such systems and
those involving binary mixtures of constant mean
ion activity are being investigated.

It is appropriate that some reference be made to
the possible nature of the species E’. It is known
that a-chymotrypsin may associate to form a
dimer at high ionic strengths or a polymer at low
ionic strengths.*—¥  In view of the fact that
all studies were conducted at pH 7.90 = 0.01 and
at enzyme concentrations in the range from 0.035
to 0.15 mg. protein—nitrogen per ml., it is unlikely
that a significant amount of dimer was present and
we can exclude the possibility that in the transforma-
tion E + M =2 E’, E is the dimer and E’ the mono-
mer. The absence of any information relative to
the catalytic properties of a-chymotrypsin poly-
mer does not permit us to be as positive about re-
jecting E as a-chymotrypsin polymer. However,
since the experiments with the exception of two
points in the case of methyl hippurate—sodium chlo-
ride were conducted at values of M > 0.10, it does

(19) G. W. Schwert, J. Biol. Chem., 179, 655 (1949),

(20) G. W. Schwert and S. Kaufman, $bid. 190, 807 (1951).

{21) E. L. Smith and D. M. Brown, ¢bid., 195, 525 (1952).

(22) R.F. Steiner, Arch, Biochem. Biophys., 83, 457 (1854).

(23) R. Egan, H. O. Michel, R, Schlueter and B. J. Jandorf, 7bid.,
66, 366 (1957).

(24) K. A. Booman and C., Niemann, Biochem. Biophys. 36, 439
(1957).

(25) R. B. Martin and C. Niemann, THIS JoURNAL, 80, 1473 (1858).

(26) V. Massey, W, F. Harington and B. S. Hartley, Disc. Faraday

Soc.. 20, 24 (1855).
(27) 1. Tinoco, Jr., Arch. Biockem. Biophys., 68, 367 (1057).
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not appear likely that the reaction E + M & E’
can be interpreted as a transformation of polymer
to monomer. The two remaining alternatives are
that E’ is actually EM or that E and E’ are dif-
ferent forms of monomeric a-chymotrypsin. The
lack of dependence of K» upon the nature of the salt
suggests that EM is not involved but that in pro-
ceeding from an environment of low mean ion ac-
tivity the conformation of monomeric E is altered
to produce new conformational species E’ that are
more effective catalysts than is E.

Experimental

The general procedure has been described previously.®
The two specific substrates were prepared as before.t:
All experiments were performed in chemically unbuffered
solutions using a pH- Stat which poised the reaction systems
at pH 7.90 =% 0.01 at 25.0°. The enzyme preparation was
Armour no, 234. The concentration of enzyme was varied
from 0.035 to 0.15 mg. protein—nitrogen per ml,, the lower
concentrations of enzyme being employed at the higher salt
concentration and vice versa. This was done to limit pos-
sible consequences of dimerization at the ligher salt con-
centrations. Other pertinent details are given in Table I.
The upper limits used for calcium chloride aund magunesiuim
cliloride were determined by the precipitation of enzyme
at higher concentrations. Both the calciumm and magne-
sium chlorides were reagent samples stated to contain 99%,
caleium or magnesium chloride. It was necessary to use
mean ion activities in order to interpret the data meaning-
fully. The values of the activity coefficients of sodium and
potassium chloride were interpolated from those given by
Stokes and Levien.® The activity coefficients of calcium
and magnesium chlorides and of sodium sulfate were inter-
polated from those reported by Stokes.?? Those of sodium
bromide and sodiun nitrate were interpolated from the data
given by Harned and Owen.® The observed initial ve-
locities were corrected for an euzyme blank, evaluated for
eaclt salt concentration, and for a blank arising from the
hydrolysis of the specific substrate in the absence of enzyine,
which also was evaluated for each salt coucentration.

(28) R, H. Stokes and B. J. Levien, THIs JOURNAL, 68, 337 (1940).

(29) R. H. Stokes, Trans. Faraday Soc., 44, 295 (1948).

(30) H. S. Harned and B. B. Owen, '*The Physical Chemistry of
Flectrolyte Solutions,” 2nd Ed., Reinhold Publ, Corp., New Vork,
N. Y., 1950.
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X. The Synthesis of a Pentapeptide Corresponding to
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A synthesis of the pentapeptide histidylphenylalanylarginyltryptophylglycine (v,L,,1) is described. The synthetic

product behaved as a single component when analyzed by paper chromatography in two different solvent systems.

The

behavior of the pentapeptide toward leucine aminopeptidase and trypsin, respectively, was investigated. The former
enzyme converted the peptide into an equimolar mixture of the constituent amino acids, and the latter cleaved the arginine-

tryptophan bond with the formation of histidylphenylalanylarginine and tryptophylglycine.

These results provided con-

clusive evidence for the stereochemical homogeneity of the synthetic product.

In connection with our studies of synthetic poly-
peptides corresponding to amino acid sequences

(1) The authors wish to express their appreciation to the U. S.
Public Health Service, the National Science Foundation, Armour and

which are common to corticotropin and to the

Company and Efi Lilly and Company for generous support of this
investigation.

(2) The name of this author was misspelled in communication IX of
this series (see ref. 6).



