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ABSTRACT

The kinetic constants for the alpha-chymotrypsin-catalyzed
hydrolysis of acetyl-L-hexahydrophenylalaninamide have been deter-
mined at 25° and pH 7.9. This study indicates that aromaticity in
the amino acid side chain 1s neither essential nor particularly help-
ful to the action of alpha-chymotrypsin. Some computational procedures
are discussed.,

The kinetic constants for the alpha-chymotrypsin-catalyzed
hydrolyses of L-tyrosinhydroxamide and acetylfg-tyrosinhydroxamide
have been determined at 25° at several pH's. The inhibition con-
stants of variously ionizing inhibitors have also been determined at
several pH's. The observations are generally consistent with formu—
lations based on the existence of differently protonated forms of the
enzyme and enzyme-substrate complexes,

Potentiometric titrations of some hydroxamic acids reveal that
the pKy values for these acids range from 9.0 to 9.5, and that these
acids are much weaker than previously believed.

Some of the conditions necessary for the good expression of the
phenbtype dotted in Neurospora crassa have been determined. The
linkage and centromere distance of the gene controlling tyrosinase
thermostability in Neurospora crassa have been determined by genetic

studies,
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PART I. THE KINETICS OF THE ALPHA-CHYMOTRYPSIN CATALYZED HYDROLYSIS

OF ACBTYL-L-HEXAHYDROPHENYLALANINAMIDE
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[Reprinted from the journal of the American Chemical Society, To, 4687 (1953.) |
Copyright 1953 by the American Chemical Society and reprinted by permission of the copyright owner.

[ConrrIBUTION NO. 1793 FROM THE GATES AND CRELLIN LABORATORIES OF CHEMISTRY, CALIFORNIA INSTITUTE OF
TECHNOLOGY ]

The Kinetics of the a-Chymotrypsin Catalyzed Hydrolysis of
Acetyl-L-hexahydrophenylalaninamide in Aqueous Solutions at 25° and pH 7.9!

By RoBERT R. JENNINGS? AND CARL NIEMANN?
Rece1vED APRIL 10, 1953

Ou the basis of the respective Kg and k; values of acetyl-L-phenylalaninamide and of acetyl-L-hexahydrophenylalanin-
amide it has been concluded that the affinity of a-chymotrypsin for the former specific substrate is no greater and is probably

less than for the latter.

In the course of this study a rational procedure has been developed for the determination of the

initial velocities of certain enzyme-catalyzed reactions and the scope and limitations of an alternative method for the deter-
mination of the Ks and k; values of comparable enzymatic systems in which the initial velocities need not be determined has

- been examined.

In view of the tendency to associate a-chymo-
trypsin activity with specific substrates possessing
aromatic side chains,*~?% and to consider that the
aromatic character of thesc side chains is, in some
way, important for a-chymotrypsin activity’—?
it was thought worthwhile to compare the hehavior of
a specific substrate such as acetyl-L-phenylalanin-
amide!® with that of its non-aromatic analog, 7.e.,
acetyl-L-hexahydrophenylalaninamide. A pre-
liminary investigation revealed that the latter
compound was hydrolyzed in the presence of «-
chymotrypsin and that the a-chymotrypsin-cat-
alyzed hydrolysis of this specific substrate at 25°
in aqueous solutions 0.02 M with respect to the
amine component of a tris-(hydroxymethyl)-amino-
methane-hydrochloric acid buffer appeared to be
optimal, with respect to the pH of the above re-
action medium, in the region of pH 7.9 £ 0.1, ¢f.
Fig. 1. Since this behavior was identical with that
observed for the comparable reaction with acetyl-L-
phenylalaninamide,’® the above conditions were
selected for a more detailed study of the kinetics of
the a-chymotrypsin-catalyzed hydrolysis of acetyl-
L-hexahydrophenylalaninamide.

It was noted previously'® that with a specific
substrate such as acetyl-L-phenylalaninamide oper-
ational difficulties are aggravated because of the
relatively slow rate of hydrolysis of the specific

(1} Supported in part by a grant from EH Lilly and Co.

" (2) United States Rubber Co. Postgraduate Fellow, 1952-1953.

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

{(4) M. Bergmann and J. S. Fruton, Advances in Enzymology, 1, 63
(1941).

{5) J.S. Fruton ia D. E. Green “Currents in Biochemical Research,”
Interscience Publishers, Inc., New York, N. V., 1946, p. 123, e seq.

(6) J. S. Fruton, Advances in Prolein Chemistry, 5, 1 (1949).

(7y H. Neurath and G. W. Schwert, Chem. Reus., 46, 69 (1950).

(8) E. L. Smith in J. B. Sumner and K. Myrbick, *“The Enzymes,”
Vol. I, Academic Press, Inc., New York, N. V., 1851, p. 793, ¢ seq.

(9) H. Neurath in E. S. Guzman-Barron, ‘“Modern Trends in
Physiology and Biochemistry,”” Academic Press, Inc, New Vork,
N. Y., 1952, p. 453 et seq.

{10) H. T. Huang, R. J. Foster and C. Niemann, THIS JOURNAL, T4,
105 (1952).

substrate. Anticipating comparable difficulties
with acetyl-L-hexahydrophenylalaninamide, it was
decided to consider, in a general way, the use of
improved technigques for the evaluation of the
kinetic constants rather than to study another
pair of specific substrates wherein the behavior
of the non-aromatic member of the pair could be
complicated by the possible prescnce of several
stercoisomers.

AMOUNT OF HYDROLYSIS IN 60 MIN.
{UNITS OF 10°M)
Y
1]
.

7.0 75 8.0 8.5
pH,

Fig. 1.—pH-activity relationship of the system e-chymo-
trypsin—acetyl-L-hexahydrophenylalaninamide in aqueous
solutions at 25° and 0.02 M with respect to the amine com-
ponent of a tris-(hydroxymethyl)-aminomethane-hydro-
chloric acid buffer.

For the system

by 3
Er+8 == BES —> B+ Pu+ Py ... (1)
b

where Ks = (ks + k3)/k1, and when zone A condi-
tions—12 gre satisfied, the kinetic constants Ksand
(11) O. H. Straus and A. Goldstein, J. Gen. Physiol., 36, 550 (1943).

(12) A. Goldstein, ibid., 27, 520 (1944),
(13) H. T. Huang and C. Niemann, TaIs JournaL, 78, 1541 (1951).
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" by may be evaluated from the corresponding rate
equation, t.e., equation 2 where v = —d[S]/dtand V'
= k3[E], by rearrangement of this equation to equa-

2 = V[S]/(Ks + [S]) (2)
tions 3, 4 or 5 which lend themselves to the evalua-

1/v = (Ks/VY1/[S) + 1/V (3)
[Sl/v = (1/V)IS] + (Ke/V) (4)
= — (@/{SPNKs + V (5)

tion of Kgand kj, by virtue of the linear plots of 1 /2
vs. 1/[S}, or [Slo/vo vs. [S], or oy 5. v0/{S]o, respec-
tively.14—18  The plot suggested by Veibel'? and by
Pigman,® fe., 1/k vs. [S], where &’ is the ob-
served “first order” constant is simply a variant of
that based on equation 4.

While the plot of w 5. /[S]le may possess
certain advantages'’® it must be emphasized that
none of the above plots in themselves provides an
adequate solution of the basic operational difficulty
of arriving at a reasonable procedure for the
estimation of the initial velocities at any given
specific substrate concentration particularly when
the extrapolation has to be made from a curve
constructed from a limited number of points.

There appear to be two general solutions of the
problem of estimating initial velocities with a
reasonable degree of precision, viz., one, to employ,
whenever possible, specific substrates and pro-
cedures that will permit continuous observation of
the systems under investigation so that the extra-
polations to zero time are minimized and thus
operationally become relatively unambiguous; and
two, for those cases where the above procedures
cannot be applied, to devise and use a rational
procedure, based upon successive approximations,
for determining the initial velocities rather than

(11, Isly).
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Tig. 2.—Hypothetical zcro-order plot: solid circles,
observed values; open circles, corresponding values if initial
velocity were maintained. Curve through solid circles best
fit to observed values; line through open circles the initial
velocity.

(14) H. Lineweaver and D. Burk, THrS JourNaL, 56, 658 (1934).

(15) ©. 8. Eadie, J. Biol. Chem., 146, 85 (1942).

(16) K. B. Augustinssen, Acta Physiol. Scand., 15, suppl. 52 (1948).

(17) H. J. Hofstee, Science, 118, 329 (1952).

(18) G. S. Eadie, ibid., 116, 688 (1952).

(19) 8. Veibel, Enzymologia, 3, 147 (1937).

(20) W. Pigman and R. M. Goepp, Jr., ““Chemistry of the Carbo-
hydrates,” Academic Press Inc., New York, N. V., 1948, p. 480.

(21) W. Pigman, Science, 114, 554 (1951).

to depend upon the wsual practice of attempting
to construct, by visual means, tangents to curves
based upon a limited number of experimental
points. There is, of course, a third solution?®
which is reminiscent of the procedure of Guggen-
heim?3:24 in that it avoids the problem of estimating
initial velocities by the use of a procedure which
does not require them. In this communication
we shall give examples of the two latter procedures
as applied in an investigation of the a-chymo-
trypsin-catalyzed hydrolysis of acetyl-L-hexahydro-
phenylalaninamide. :

For the reaction given in equation 1 and when
zone A conditions are satisfied'—1? it is to be ex-
pected from the integrated rate equation 6

b[E)t = Kg In [S]o/[S]e.+ (I8le — [SIe)  (6)
that a set of conditions exist wherein a plot of
([S)e — I[Sl), or of In [S]y/IS}k, vs. ¢ will give a
straight line within the limits of experimental
error. However, in practice, the limitations im-
posed by the solubility of the specific substrate and
the sensitivity of the analytical method employed
may prevent the attainment of the desired set of
conditions and instead of a linear plot a curve will
be obtained in both cases.

For the “zero order’’ case a plot of ([S]o — [S]y)
s, ¢ will give a curve similar to, but perhaps not as
exaggerated as, that depicted in Fig. 2. It will be
seen from Fig. 2 that the initial slope of this curve,
corresponding to the initial velocity z, will be
determined by the parameters ([Sly — [S}) and #’.
For 7, we may write equation 7 and upon substitu-
tion obtain equation §. Rearrangement of equa-

w = ks[E1[S]o/(Ks + [S]s) = ([Slo — [Sh)/¢' (7)
tion 6 leads to equation 9 and from equations 8 and

¢ = ([Slo — [S]){(Ks -+ [Sl)/k[EI[SL} (8)
t = [KsIn [Slo/[S]e + ([S}o — [SIO}/A[E]  (9)

9 we may obtain equation 10 wheré the zero order
correction factor fy = &'/t and the fraction of the

fo = h(Ks/[Slo + 1)/{(Ks/[S]o) In (1/(1 — Fo)) + ho}
(10)

total amount of specific substrate reacting in time £,
hy = (ISl — [Sl)/[S}. In practice it has been
found convenient to plot the parameters fo, 4o and
Ks/[S]o as a family of curves, as in Fig. 3, and to
thus determine f; as a function of % for predeter-
mined values of Kg/[Sl.

A similar correction factor f; can also be employed
to determine the initial velocities from first order,
i.e., from In [S]/[S] 5. ¢ plots as may be seen
fro]m equation 11 where f; = '/t and b, = In [S]o/
si.

fi = h(Ks/ 1810/ {(Ks/[Slo)l + 1 — [S}+/[S} (11)

As before it has been found convenient to evaluate
fi graphically from a plot such as that given in Fig. 4
in which f; is determined as a function of h; for
predetermined values of Ks/[S. .

In the application of the above procedure to the
determination of initial velocities, the experimental

(22) A. C. Walker and C. L. A, Schmidt, Arck. Biockem., §, 448
(1944).

(23) E. A. Guggenheim, Pkil. Mag., [7] 2, 538 (1926).
(24) E. L. King, Tas Journar, T4, 563 (1952).
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Fig. 3.—Graphical evaluation of the correction factor f, for
zero-order plots.
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Fig. 4—Graphical evaluation of the correction factor f; for
first order plots.

data are first presented in the form of both ({S;] —
[S]) ws. ¢ and In [S]o/{S]: vs. ¢ plots. From these
plots the initial velocities are estimated by visual
means® and an approximate value of s determined
by any of the plots based upon equation 3. This
approximate value of Kg may then be used to
determine the appropriate correction factors, 7.e.,
Jfo and fi, and the initial velocities determined from
the now linear corrected ([S}y — [S]) vs. £ and In
[S1s/ St vs. £ plots may be used in turn to determine
a more precise value of Kg. If the corrected ([S]
— [Sk) vs. t and the In [S]o/[S]: vs. ¢ plots are not
linear and the second Kg value differs substantially
from the first, the approximation process is repeated
until satisfactory results are obtained.?

The above procedure was not used extensively
in the present study because of the desire to gain
experience with the procedure of Walker and
Schmidt.?* However, an example of the approxi-
mation method for the determination of initial
velocities using data obtained in the present in-
vestigation is given in Figs. 5 and 6 and in Table

(25) 1t can usually be determined by inspection which type of plot
will permit the most satisfactory extrapolation. Since only approxi-
mate values are needed at this point extrapolation based upon only
one type of plot will ordinarily be satisfactory.

(26) Since the factors fy and fi are not profoundly influenced by mod-

est changes in the value of Kg, a second approximation is rarely re-
quired.
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Tig. 5.—Zero-order plot of set of data obtained in experi-
nient no. 33 and summarized in Table I: solid circles,
observed values; dotted curve, best fit to observed values;
open circles, corrected values; solid line, least squares fit to
corrected values.
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Tig. 6.—First-order plot of set of data obtained in experi-
ment no. 33 and summarized in Table-I: solid circles,
observed values; dotted curve; best fit to observed values;
open circles, corrected values; solid line, least squares fit to
corrected values.

L% 1t is noteworthy that the initial velocity
determined from each plot was 0.040 uM. /min.

In the development of the procedure of Walker
and Schmidt?? it was assumed that the case de-
picted by equations 12, 13 and 14 was of sufficient
general interest to be used as an example. When
Ks = (kg + ks)/kl, Kpl = ks/k4 and KI = k7/k6, and

R 2
B+ 8 == BS —> B + Py + Py ..
2

o)

. (12)

Ry

E + Py = ER,
ks
kg

E: + I; == EI
b

(13)

(14)

when zone A conditions'!—13 are satisfied, the inte-

(27) Further examples of this procedure will be given in subsequent
communications {rom this Laboratory including its application to the
recalculation of the kinetic constants of all systems which we have
studied previously. '
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TaABLE I

DETERMINATION OF INITIAL VELOCITY FROM ZERO AND FIRST
OrDER PLOTS OF DaTA OBTAINED IN EXPERIMENT No. 33°

Sh— Sle —
£, ([[S t) (%SL)/ t’, In {S)/ n,
i Sl £

min. X 103 M [Sle fo min. 1 min.
-0 0.00 ~0 1.0006 0.0 0.000 1.000 0.0

1 .12 ~1 1,000 1.0 .009 1.000 1.0

5 .12 1 1.000 5.0 ,.009 1.000 5.0
15 .58 6 0.980 14.7 .048 1.010 15.1
25 1.04 8 972 24.2 .087 1.015 25.4
35 1.34 11 .960 33.6 113 1.020 35.7
45 1.69 14 .950 42.8 .145 1.025 46.1
55 2.12 17 .940 51.7 .186 1.030 56.6
65 2.42 19 .933 60.6 .215 1.035 67.3
75 2.79 22 .920 69.0 .253 1.040 78.0

¢ [E] = 0.208 mg. protein-nitrogen/ml., [S]q = 12.41
X 1073 M, Ks/[S]lo = 2, fo and £, from plots given in Figs.
3and 4, vo = 0.040 pM./min. from plots given in Figs. 5 and
6.

grated rate equation can be rearranged to give
equation 15

&IE] = Ks(1 + [1]/K1 + [Sle/Kei)(In [Slo/[S])/¢ +
(1 — Ka/Kp)X[Sh — [S]o)/t  (15)

Thus when [I] = 0 and Kp, is so large that its
influence is negligible, it follows from equation 15
that a plot of ([S]o — [S]e)/¢ws. (In [S]e/[S])/f will
give a straight line whose slope will be equal to
— K and whose intercept will be equal to &[E] =
V.22 If [I] is finite, Kp, is again very large and
Ks is a known quantity from previous experiments
in which [I].= 0 it follows from equation 15 that a
plot of ([Sly — [S]0)/¢ vs. Ks (In [S]/[S].)/t will
give a straight line whose slope will be equal to
—{(1 + [I]/K1) and whose intercept will be equal
to k3 [E] = Vif the inhibition is competitive.

When Kp, is small and the extent of reaction is
appreciable it is to be expected that the procedure
of Walker and Schmidt?? will not lead to results as
accurate as those obtained by a method based upon
the determination of initial velocities unless some
attempt is made to evaluate Kp,. This may be
done either by evaluating P; as a competitive
inhibitor in a system containing another specific
substrate whose value of Ky is known and where the
valie of K'p, for the latter system is negligibly large,
or by a method of successive approximations.
As an example of the latter procedure an approxi-
mate value of Kg is first determined and then the
reaction is studied in the presence of an added
quantity of P; so as to obtain an approximate value
of Kp,. This approximate value of Kp, can be
.applied to obtain a more accurate value of Kg
which in turn can be used to evaluate a more
accurate value of Kp and the process repeated
until satisfactory values of both Kg and Kp, are
obtained. When Kp, > Kg the correct valites will
be approached quite rapidly since in this case even
an approximate value of Kp, will give a rcasonably
accurate value of Ksg.

If the above precautions are heeded, the Walker
and Schmidt procedure?? enjoys an advantage over
methods based upon the determination of initial

(28) Atthough Walker and Schmidt?? indicate that equal time inter-

vals should be used there appears to be no compelling reason for this
precaution in this particular case,

velocities in that it is frequently possible to deter-
mine more accurately the amount of reaction
occurring in a given time iaterval than it is to make
the measurements necessary for the determination
of initial velocities. However, it does suffer from
the disadvantage that any change in [E] will cause
far more serious errors than in any method based
upon initial velocities. Therefore some assurance
must be provided that during the time interval
used no change in [E] occurs.

The wa-chymotrypsin-catalyzed - hydrolysis of
acetyl-L-hexahydrophenylalaninamide was ob-
served in two different ways. In the first, the
extent of reaction at various times was determined
by withdrawing and titrating a single aliqutot, and
in the second, several aliquots were withdrawn and
titrated at the start of a given experiment and a
second set withdrawn and titrated after a pre-
selected time interval which was usually 60 minutes.
Since it was desired to present all of the data in the
form of a Walker—Schmidt plot?? the data obtained
by the first procedure were first presented in the
form of a ([S]o — [S]) vs. ¢ plot, the experimental
points then corrected with the aid of the factor f,
as described earlier, the best straight line drawn
through the corrected points, and then by an
“uncorrecting” process the amount of hydrolysis
occurring in 60 minutes was determined by using
the corrected linear plot to reconstruct the portion
of the experimental curve in the vicinity of 60
minutes. The plot given in Fig. 5 and the data
summarized in Table I is a representative example
of this latter operation.

Sixty separate experiments were conducted
and of this number the results of nine, <.e., experi-
ments no. 19-23, 36, 43, 44 and 46, were so ob-
viously aberrant that they were not considered
further. A second set of experiments, .., no.
1, 9, 18, 25 and 40 also gave results which were
sufficiently erratic as to justify .their exclusion
although in this instance the variations observed
were not markedly greater than those expected on
the basis of the probable experimental error.
Experiments no. 53-60 were conducted with an
enzyme preparation of slightly lesser activity than
that used for the remainder of the experiments and
for this reason will be considered separately.

Since it was anticipated from previous studies?02¢
that the Kp, value of acetyl-L-hexahydrophenyl-
alanine was of the order of 0.1 M it was concluded
that in the case at hand Kg and k; could be evalu-
ated by a plot of ([Slo — [S]))/¢ vs. (In [Sy/[S]e)/t
as Kp, was sufficiently large to be ignored. The
results of the remaining 38 cxperiments are sum-
marized in Table II and in Fig. 7 where a least
squares analysis with the quantity (In [S]o/[S].) /60
as the so-called errorless parameter gave a value of
Ks = 26 = 3 X 10=* M and a value of k3 = .61
X 1073 mole/min./mg. protein-nitrogen/ml. With
the quantity ([Slo — [S].)/60 as the crrorless pa-
rameter, a value of Kg = 20 = 2 X 103 M and k; =
0.64 X 1073 mole/min./mg. protein-nitrogen/ml.
was obtained. The data from experiments no.
5360, ¢f. Table III and Fig. 8, gave, on the basis

(20) D. W. Thomas, R. V. MacAllister and C, Niemann, THis
Journar, 78, 1548 (1951).



TaBLE II
‘SuMMARY OF EXPERIMENTS USED FOrR PLOT GIVEN IN Fi1G. 7%

Expt. [Slu ([S]n — [S]o)/60 (In [S]o/[S]eo)/GU
no. 3 M 5 mole/min. 03/m:
2 10.00 3.37 3.74
3 10.00 3.08 3.38
11 11.00 3.65 3.60
16 12.53 3.92 3.48
33 12.41 3.77 3.34

39 - 12.41 3.77 3.34

48° 12.54 3.68 3.24
50 12.59 4.03 3.56
51° 12.50 3.67 3.23
52° 12.50 3.70 3.26
15 12.88 3.75 3.20

28 14.39 4.35 3.34

29 14.53 4.45 3.40
30 14.34 4.07 3.11
8 15.00 4.30 3.14
17 15.08 4.10 2.98
12 16.67 4.47 2.90
14 16.67 4.78 3.11
4t 20.00 4.97 2.72

24 20.14 4.97 2.72
32 20.00 5.32 2.90

35 20.03 5.22 2.83

38 20.00 5.15 2.80
13 22.22 5.77 2.82
6 25.00 5.66 2.44
27 25.47 6.03 2.55
5 30.00 6.50 2.32
7 35.00 6.92 2.09
10 40.00 7.76 2.06
26 40.00 7.50 1.99
31 40.10 7.51 2.00
34 40.00 7.53 2.01
37 40.10 7.68 2.03
41° 40.00 7.25 1.91
49h¢ 40.10 7.20 1.89
45° 40.00 7.78 2.07

47° 40.00 7.87 2.09

49° 40.00 7.87 2.09

@ Performed at 25° and pIT 7.9 in aqueous solutions
0.02 M with respect to the amine component of a tris-(hy-
droxvmethyl)-aminomethane—hydrochloric acid buffer, [E]
= 0.208 mg. protein-nitrogen/ml. unless otherwise noted.
b Experiments in which observations were limited to ¢{ = 0
and't = 60, for all others, value at ¢ = 60 determined as de-
scribed in text. ¢ [E] = 0.104 mg. protein-nitrogen/ml.

TaBLe 111
SuMMARY OF EXpERIMENTS USED FOR ProT GIVEX IN

Fic. 8

Expt. [STh ([S]n — [Sl)/60 (In [b]o/[s]so)/h()
no.b X 108 M 105 molc/mm min.
53 12.54 3.44 2.99
56 12.54 3.74 3.28
58° 12.54 3.45 3.01
60° 25.00 5.63 2.54
54 39.90 6.92 1.83
55 40.00 7.17 1.89
57 40.056 7.22 1.90
59° 40.00 7.37 1.95

@ Performed at 25° and pH 7.9 in aqueous solutions 0.02
M with respect to the amine component of a tris-(hydroxy-
methyl)-aminomethane—~hydrochloric acid buffer, {E] =
0.196 mg. protein-nitrogen/ml. unless otherwisec noted.
b In all experiments observations limited o ¢ = O and { = 60;
. ¢ [E] = 0.098 mg. protein-nitrogen/ml.

([Sk- {S1,)/60xI0°M/min.

20 25 30 I
(In[8},/(S})/60x 10°min.
Fig. 7.—Walker-Schmidt plot of the results of the 38

experiments summarized in Table IT: open circles, results
of single experiments; solid circles, mean of duplicate experi-
ments; solid triangles, mean of triplicate experiments.
Line is a least squares fit.

of a least squares treatment with (In [S]o/[S]e) /60
as the errorless parameter a value of Ks = 30 =+
3 X 10~% M and a value of k3 = (.67 X 102 mole/
min./mg. protein-nitrogen/ml. However, since the
lesser activity of the enzyme preparation used in
these experiments was probably due to exposure
to the preparation to the atmosphere for a prolonged
period the kinctic constants obtained from experi-
ments no. 53-60 should not be given as much weight
as those obtained from the more extended series
described above, '

ﬁ
n

7k

)
|
|
T |
l
|

40.0

sl x10* M

{[S),-(S1,)/60 x 10°M/min.

(&
T

|

1.5 21.0 215 3.)0 3..5
(1n [S],/(8},)/60x10°min.

Fig. 8.—Walker—Schmidt plot of the results of the 8
experiments summarized in Table 111: open circles, results
of single cxperiments; solid circles, mean of duplicate
experiments. Line is a least squares fit.

From a comparison of the Ky and k; values of
acetyl-L-phenylalaninamide, s.e., 3¢ = 5 X 1073
M and 0.7 X 1073 mole/min. /1ng protein-nitrogen/
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* ml.,"and of acetyl-L-hexahydrophenylalaninamide,

.6, 27 = 4 X 107 M and 0.6 X 10— mole/min./
mg. protein-nitrogen/ml., it can be seen that the
replacement of a benzyl group by a hexahydro-
benzyl group has relatively little effect upon either
the Ks or ks values, at least at 25° and pH 7.9.
Since there is reason to interpret the Kg values of
these two specific substrates in terms of the corre-
sponding enzyme-substrate dissociation constants,
i.e., the ky/k; values,»1329=31 jt appears that the -
electrons present in an aromatic side chain are not
involved in the combination process. The possi-
ble greater affinity of the active site for the corre-
sponding hydroaromatic side chain may be due to
the slightly greater effective mass of the latter if,
-as it seems likely that, van der Waals forces are the
principal forces involved in the combination of
uncharged specific substrates and competitive
inhibitors with the active site of the enzyme.

Experimental 333

N-Acetyl-1-hexahydrophenylalanine.?+—A solution of 12.6
g. of acetyl-L-phenylalanine in 75 ml. of glacial acetic acid
was hydrogenated over platinic oxide at 40 p.s.i. of hydrogen
at 25°, the reaction mixture filtered, the filtrate largely
freed of solvent, the residue triturated with water, the
colorless crystalline solid collected and dried to give 11.8 g.
of product, m.p. 182-183°. Recrystallization from water
gave a product, m.p. 188-183°, [a]®D —5.5° (¢ 8.2% in
cthanol). A portion of the product, m.p. 182-183°, was
hydrolyzed with aqueous hydrochloric acid, the hydrolysate
neutralized and treated with p-toluencsulfonyl chloride and

(30) H. T. Huang and C. Niemann, THiS JOURNAL, 73, 3223 (1951).

(31) H. T. Huang, R. V. MacAliister, D. W. Thomas and C. Nie-
mann, £bid., 73, 3231 (1951).

(32) All melting points are corrected,

(33) Microanalyses by Dr. A. Elek,

(34) D. Shemin and R. M. Herbst, §bid., 61, 2471 (1939).

aqueous sodium hydroxide to give p-toluenesulfamido-L-
hexahydrophenylalanine, m.p. 162-163°, 1it.% m.p. 160.5°.
Acetyl-L-hexahydrophenylalaninamide.-—A  solution of
11.8 g. of acetyl-L-hexahydrophenylalanine, m.p. 182-183°,
in 80 ml. of absolute ethanol was saturated at 0° with dry
hydrogen chloride, the reaction mixture allowed to stand
at 25° for 3 days, and then evaporated in vacuo to a thick
situp. The sirup was dissolved in 200 ml. of methanol, the
solution saturated at 0° with anhydrous ammonia, the reac-
tion mixture allowed to stand at 25° for one week, then
evaporated to dryness, the solid residue extracted with
chloroform and the residual solid recrystallized twice from
water to give 5.6 g. of the desired amide, colorless needles,
m.p. 156~157°, [¢]®p —16.5 == 0.7° (¢-3.8% in ethamnol).
Recrystallization of this product from ethyl acetate and then
from water gave a product of identical m.p.
Amnal. Caled. for CHaO:N: (212.3): C, 62.2; H, 9.5;
N, 13.2. Tound: C, 620; H, 9.6; N, 13.6.
Acetyl-pDL-hexahydrophenylalaninamide, m.p. 205-207°,
was prepared in an analogous manner from either acetyl-
pL-phenylalanine or acetyl-DL-tyrosine except in the latter
instance ethanol was used in lieu of glacial acetic acid in the
hydrogenation and hydrogenolysis of acetyl-pL-tyrosine.
Enzyme Experiments.—The general fechnique was
identical with that described previously!s and in every in-
stance a formol titration!s was used to follow the course of
the reaction. All measurements were made at 25° in
solutions 0.02 M with respect to the amine component of a
tris-(hydroxymethyl )-amino methane-hydrochloric acid buf-
fer and the enzyme preparation was Armour lot no. 90402.
The enzyme preparation used in experiments no. 53-60
was a sample of the same lot no. which was lost for a period
and when recovered was found to possess a diminished ac-
tivity corresponding to a lesser amount of protein-nitrogen.
It will be noted that in all experiments the relative concen-
trations of E and S were such as to permit the attainment
of zone A conditions!! 13 and that there is no question as to
the stability of a-chymotrypsin in aqueous solutions at 25°
for the periods required in this investigation.!3.3

(35) P. Karrer and W. Kehl, Hely. Chim, Acta, 13, 50 (1930).
(36) D. 8. Hogness and C. Niemann, ibid., T8, 884 (1953).

PAsSADENA 4, CALIFORNIA
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SUPPLEMENTARY EXPRERIMENTAL SECTION

The requirements of brevity in publication do not permit the
inclusion of bulky tables such as those presenting the primery
experimental data from which the results given in the text were
extracted., However, it seemed advisable to offer these data in
an organized form in some accessible place, hence this supplgmentary
section.

By way of brief comment, it must be confessed that the experi-
mental results obtained are not of a high order of precision,
Furthermore, the amount of data which has been rejected may séem
excessively large. DNevertheless, the text gives the best inter-
pretation'which could be placed on the experiments, and it may be -
considere& to be reliable within the specified limits of

accuracys
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TABIE IV

Primary Data For Experiments Presented in Table II and Figure

7 of the Publication

Expb. [S]O [E]O Time Titer Interpolated Vormality
No. x 10° mng e Min] {m1] Titers of Base
[M] prOteiﬂ 0 Jl:"!"[ins t Mina
N/ml.
2 10.00 0.208 2 1,505 1.508 1.710 0,0100
13 1.555 t = 60
25% 1,600
35 1.645
L5 1,657
60 1.710
3 10,00 0,208 2 1.150 1.h69 1.654 0,0100

10 1,500 t = 60
20 1.540
30 1.570
L0 1.595
50 1.630
60 1.650

11 11,00 0,208 2 1.375 1.380 14599 0.0100
10 1.1425 t =60
20 1l.4ko '
30 1.496
Lo 1.541
50 1.573
60 1,593
75 1.6L7
90 1,676

16 12,53 04208 2 1.411 1.1428 1,66l 0,0100
10 1.470 t =60
30 1.545
38 1,583
L5 1.607
52 1,642
60 1,660

70 1,702



Expha
No.

33

39

L6

50%

12.41

12.5h

12.59

.
[E],
g«

provein
N/ml,

0.208

0,208

0,416

0.1416

Time
[Min]

10w

Titer
[l ]

1.308
1.309
1.353
1.1,00
1.1428
1.1463
1.50k
1.571

1,374
1.400
1.438
1.4L68
1.500
1,530
1.575
14595
1.650

1,697
1.7L0
1.730
1.750
2,130
2.0
2,113
2,117

1,660
1.750
1.847
1,932
1.990
2,035

20098 ’

2.150
2,122

Interpolated
Titers
[ml.]
0 min. t mine

1.298 1.520
t = 60

1374 1,600
t = 60

1.726  1L.9LS
¥ =30

1.715 1.959
t =30

Normality
of Base:

0.01023

0,01022

0,01008

0.01008



.Expte
No.

512

522

15

28

29

(sl
x 103
[]

12,50

12,50

12,88

14.39

14,53

(5],

mg.
provein

N/ml.

0,416

0,416

04208

0,208

0.208

Time
[¥in]

ONONON O
..J}.J(?om.\);_”_a
LR S TR VY

’
v

70

Titer
{ml,.]

1.698
1,720
1,710
1.71L
2,110
2,100
2,104
2,116

1.720
1.735
1.735
1.730
2,120
2.136
2,127
2,127

1.413
1.L69
1,503
1.553
1.583
1,617
1.653

1.378
1.410
Leliho
1,493
1.528
1.563
1,613
1.660
1,687

1,381
11413
1.hh1
1.450
1.471
1,521
1.567
1.613
1,64

Interpolated
Titers
[ml.]
0 Min, + Min.
1.698 1,916
t = 30
1,715 1.936
t =30
1.430 1,654
= AD
1.351 1,606
t = 6C
1.388 1.650
t = 60

Normelity
of Buse

0,01008

0.01008

0601000

0.,01023

0,01023



'Expta
Noe.

30

17

12

i)

8],
x 103
L]

1&.3&

15,00

15.03

16,67

16,67

=],
mg .
orotein
N/ml.

0.208

0,208

0.208

O. 208

0,208

Time
[Min]

Titer
fml.]

1.399
1410
1l.430
1.450
1.480
1.510
1,551
1.600
1,623

1.L405
1425
1.490
1.530
1.570
1,610
1.665
1,720
1.790

1.425
1.471
1.520
1,560
1.593
1,651
1. 677
1.677

1.37

1.425
1451
1.515
1.566
1.595
1.6L6
1,700
1.775

1.39L
1.1435
1.L63
1.507
L.566
1.613
1,639
1,691

Interpolated

Titers
fml.]

O Min, t iin.

1.390 1,630

t = 60

1,396 1.65h4

= 60

1.)432 1.678

t = 60

1.379 1.6L7

t = 60

1,408 1.692

b= 60

Normality
of Base

0.01023

0.01000

0,01000

0.0100

0.0100



Fxpt.
No.

2l

32

35

20.1L

20,00

20403

[El,

mg.
protein

N/ml.

0,208

0.208

0,208

0.208

Time
[iin]

10
20
30
L0
50
60

<13

Titer
fml.]

1.520
1.570
1.625
1,670
1,735
1.770
1.810

1.400C
1,400
1.456
1.530
1.513
1.60L
1,592
1.672
1,672

1.320
1.380
11126
1.180
1.535
1.57h
1.630

1.317
1.335
1.L00
1,150
1.L91
1.526
1.550
1,593
1.637

Interpolated

Titers
[m}.]

0 Min, + Min.,

1.519 1,818

t =60

1.371 1..668

t = 60

1,293 1,606

t = 60

1,312 1.618

t = 60

Normality
of Base

0.01000

0.01000

0.01023

0,01023



‘Expt. (8],
No. % 103
{m)
38 20,00
13 22,22
6 25,00

27 25.47

[E],

ng.
protein

N/ml.

0.208

0.208

0,208

0,208

U

Tinme Titer
[Min] [ml]
1 1.347
5 1.399
15 1050
25 1.51
35 1.556
L5% 1,625
55 1.661
65 *1, 700
75 1.740
2 1.583
5 1.596
10 1.638
20 1.721
30 1.754
40 1.795
50 1.869
60 1.917
2 1,160
10 1.530
20 1.605
30 1.660
LLS Jo 7h0
60 1.825
75 1,905
90 1,980
121 2,150
5 1.L00
10 1440
15 1 477
20 101193
30 1,565
Lo 1,62
50 1.675

60 1.720

0

Interpolated
T@ters
[ml.]
Mine + Min.
1.37h 1.677
t =60
1.570 1.916
t =60
1,185 1.82)
t =60
1.375 1,728
t= 60

Normality
of Base

0401022

0.01000

0.01000

0.01023
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- Expt. [5] [E]o . Time Titer Interpolated Normality
No. x 103 D€ [Min]  {ml.] Titers of Base
3] protein [mi.]
. N/ml. 0 Min, t Hin.
5 30,00 0.208 2 1,530 1,540 1.930 0,010C0
10 1.655 t = 60
20 1.675
30 1.730
Lo 1.805
50 1.880
60 1,930
7 35.00 0,208 2 1.430 1.416 1.831 0,01000
11 1.195 t =60
20 1.560
30 1,645
L0 1.695
50 1.775
60 1,830
75 1.925
10 L0400 0,208 2 1,370 le365 1.831 0.01000
: 10 1440 t =60
20 1.530
30 1,600
L0 1,690
50 1,750
40 1,830
75 1.940
105 2.120
26 L0,00 0,208 S 1.108 1,381 1.821 0.01023
10 luhS? t = 60 .
15 1,500
20 1.537
30 1.60L
Lo 1,695
50 1.742
60 1.823
31 0,10 0.208 1 1.388 1,372 1.813 0.01023
15 1,490
25 1.558
35 1.630
L5 1.703
55 1.779
é5 1,850

75 1.899



'Expt.
No.

3L

37

L1

L5

[sl,
x 108

]

110,00

L0.10

40,00

L0.10

110,00

0,208

0,208

0,10l

04208

S )
jVis

=

60

«lbe

Titey
{ml,]

1.31h
1.350
1427
1.503
1.581
1,663
1. 720
1.787
1.860

1.3L5
1.428
1,183
1.559
1.6L5
1,715
1.794
1.907

1.384
1.3%0
1,396
1,405
1.800
1.826
1.810
1.807

1.265
1.254
1.268
1,250
11470
1.470
1479
1.488

1.490
1470
1.h70
1467
10 890
1,930
1,930
1.950

Interpolated
Titers
{ml,]
0 Mine. t HMin.
1,311 1,752
t = 60
1.370 1.820
t = 60
1.378 1.803
t = 60
1.253 1,676
t =120
10)455 1. 917
t = 60

Normality
of Base

0.,01023

0,01022

0,01022

0,01022

0.01008



Expt. [S], (E], Time Titer Interpolated Normality
No. ¢ 10%  mE. [Min] iml.] Titers of Base
[M] protein {ml.]
. N/ml 0 Min,  t Min,
47 40,00 0.208 1 1 hlily 1.14h0 1.907 0.01008
| 1% 1.453 t 60
2 LoliSh
24 11460
€0 1,900
603 1.913
61 1,920
615 1.920
o L0.0O 04208 1 1423 1.1l 1.883  0.01008
3 1.h33 t 60
2 loh20
2% 1,437
0 1.887
60% 1.887
&1 1.893

61% 1.883
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TABIE V

Primary Data For Experimenits Presented in Table III

and Figure 8 of the Publication

Expt. [S], [E]O Time Titer Interpolated Normality
No. x 103 ng. [Min] [ml.] Titers of Base
(] protein (mla]
N/ml, 0 Win. t Min.,
532 12.5] 04196 1 16293 1,295  1.1487  0,01075
1 1.300 t =60
2 1.302
5 1.310
120 1621
1203 1,656
121 1.660

1212 1.665

562 12,8l 0.196 1 1,296 1.283  1.h92  0.01075
1 1.296 t =60
2 1.291
2% 1,296
120 1,673
120% 1,66l
121 1.677

1213 1,675

582 12,54 0,098 % 1.480 1172 1.681 0,00989
3 1.475 t =120
3% 1,482
L 1.50k
120 1.680

120% 1,685
12 1'2' 1 véas

122 1.695
- 60% 25,00 0.098 1 1.475 1463 1.805 0,00989
13 1.1463 t =120
2 1.h7h
2% 1.470
90 1,720
90% 1,716
o1 1,730

91% 1.724
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Expt. [S]o [(El, Time Titer Inberpolated Normality
Wo. x 103 me» {Min] [ml.] Titers of Base
(3] protein [ml,]
_ N/ml 0 Min,  t HMin.
Sk 39.90 0,196 1% 1.308 1,302 1.688  0.01075
, 2 1.323 t =60
3 1.322
i 1,333
60 1.690
60% 1,692
61 1.693

61% 1.712

55 10,00 0,196 1 1.290 1.284 1.68L 0.01075
13 1.293 t =60
2 1,295
= 1.305
60 1,667
60% 1.688
61 1.692
613 1,692
59% ;0,00 0,098 1 1.182 L N77 1.92L  0.0989
1% 1.):88 t = 120
2 1,484
2% 1,485
60 1.705
60% 1,700
61 1.704

62 1.713
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TABLE

Vi

Primary Data For The pH Optimum Determination Presented

in Figure 1 of the Publication

The substrate concentration was 10 x 1073l and the enzyme con-

centration 0,208 mg. protein nitrogen/ml, for each experiment.

Exph.
No.

pH

6450

7450

843

8.80

790

Time
MMin]

Titer
[ml.]

2,110
2,116
24200
2,187

1,781
1.788
1.953
1.970

0.801
0,805
0.960
0,972

0,495
04500
0,647
0.651

1.320
1.323
10&95
1,515

Interpolated
T@ters
[ml.]
0 Min, t Min.
2,111 2.193'
1.780 1,960
0,800 0,965
0,488 0.6)th
1.318 1.505

Normality Ambt, of

of Base

0.0100

0.0100

0,0100

0.,0100

0.0100

Hydrolysis
in 60 nmin.
x 10 ® [H]

0482

1.80

1.65

1.56

1.87
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TABIE VII

Primary Data For Experiments Rejected as Aberrent

Exvb. (s [E] Tine Titer Normality
Fi%,, }[c iga mg.° [ilin] [ml,] of Base
] protein :
- N/ml.
1 10,00 0.208 1 1,39 0.01000
10 1.hh .
15 1.h6
30 1.52
L5 1.57
60 1.61
9 12,50 0,208 2 1,39 0,01000
10 1.LL
20 1l.L7
30 1.5L
Lo 1.56
50 1.61
60 1.6L
75 1,68
18 12,92 0,208 2 1.437 0,01.000
9% 1,h64
10 1,470
20 1.483
29% 1,520
Lo 1,599
50 1,637
63 1,693
19 9492 0,208 5 1,557 0,01000
6 14573
15 1,61k
16 1.610
30 1.657
31 1,667
L5 1.722

L6 1.716



- Expt.
No.

20

21

23

(sl
x 10°%

[u]

11,46

12479

13.92

16.80

(E]

mg.°
protein

/ml.

0,208

0,208

0,208

0.208

N

Time
[Min]

Titer
fml.]

1.313
1,333
14347
1.3%90
1. ,4-]4-3
1.497
1.593
1,648
1,680

1.360
1.370
1.403
1,023
1.h76
1,483
1,526
1574
1,603

1.323
1,327
1,383
101-160
1,467
1.526
1,576
1,648
1752

1.373
1.380
1037
1.516
1,513
1,584
1.580
1.657
lo 660

Normality
of Bage:

0.,01000

0.,01000

0.01000

0,01000



Fxpbe.
No.

25

36

1,0

43

LL

[s]
o)
x 10°

[3]

2041l

12.5%

12,35

Lo.00

12,50

i#*  Approximate

(],
protein
N/ml.

0,208

0,208

0,208

0.1416

0.h16

-23-

Time
[Min]

22
L0
60
80
100
121
140.

Titer
[ml.]

1400
1;!.[00
1,456
14530
1.513
1.60L
1592
1.672
1.672

1,317
1.357

- L.h416

1,155
1.498
1536
1,560
1,600

1.350
1.375
1ohhs
1,505
1.593
1.665
1,730
1.780
1.823

Not computed

1.610
1,627
1,660
1,690
2.120
24135
24150
24160

Normality
of Base

0.,01000

0.01023

0,01022

0,01008



B{p‘t."' {S}O !‘E]o

No. x 10°  B&
ﬂ’i‘ pro Lel
Lit} N/ml.

L6 12,43 0eli16

w2y

Tine
[Min]

Titer
[ml, ]

1.680
1.730
1.830
l. 923
1,970
2,000
24285
2,125
20227

Normality
of Base

0401008
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PART 1II

THE EFFECT OF pH ON TFE KINETIC CONSTANTS FOR THE ALPHA-
CHYMOTRYPSIN-CATALYZED HYDROLYSES OF L-TYROSINHYDROXAMIDE AND'
ACETYL~L-TYROSINHYDROXAMIDE ; THE EFFECT OF pH ON THE INHIBITION
BY SELECTED CQMPOUNDS OF THE ALPHA-CHYMOTRYPSIN=CATALYZED

HYDROLYSIS OF ACETYL~-L~TYROSINHYDROXAMIDE.
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INTRCDUCTION

One of the most common observations made with respect to enzyme-
catalyzed reactions is that the reaction appears to proceed wmost
readily at some one pH, This pH optimum phenomenon does not appear in
all enzyme-catalyzed reactions, but it does seem to be present inAa
majority of such reaction systems; and, because of its widespread
occcurrence, its explanation constitutes one of the major proﬁlems in
quantitative enzymology. Naturally the pH optimum effect has been the
subject of rather extensive discussion {for recent reviews see 1 = 7),
but rather less experimentation. No extended studies of the effect of
pH on reactions catalyzed by proteolytic enzymes have been carried'out,
possibly because of the lack of suitable analytical techniques.

The derivation of equations intended to give quantitative explana-
tion to the pH optimum phenomenon usually has taken the form of an
exiension of the origiﬁal mechanism for enzyme-catalyzed reactions
proposed by Michaelis and Menten (8)., Ordinarily the derivation of
these équations is carried out with the assumption that, of all of the
reactions invelved in the various schemes, only the breakdown of the
ultimate enzyme~-substrate complex constitutes a raté determining step,
The more rigorous steady-state solution has been applied to such
reaction schemes by Alberty (L), who states that the ferms of the
resulting equations are the same as those derived on the Basis of the
equilibrium assumptions, The only difference lies in the interpreta-
tion of the constant which corresponds to the Michaelis - Menten
constant in simpler formlations (cf. 8). This problem has been con-
sidered in these simpler formulations first by Haldane (9) and,

subsequently, by many others. These equations describing the influence
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6f PH on kinetic reactions have been fitted to experimental data in
some instances (cf. examples in 3, 5, and 7); however, predictions
based on the.application of the values of the constants thus obtained
to other reactions involving the same enzyme have ordinarily not been
made, chiefly becavse only one substrate is known for most of the-
enzymes so investigated,

The enzyme alpha-chymotrypsin seems particularly well suited to
the study of the pH optimum effect, Its desirable properties for the
study of enzyme reactions in general have been discussed previously
(10, 11). This enzyme has a large number of recognized substrétes,
many of which have already been subjected to considerable study. Also,
many competitive inhibitors (ef. 7) of the reactions catalyzed by
this enzyme have been discovered and studied. The large number of‘
substrates and inhibitors which have been uncovered in these past
investigations make this enzyme a particularly fruitful one for the
exploration of the pH optimum effect,

The substrates employed in the present investigation, L-tyrosin-
hydroxamide and acetyl-L-tyrosinhydroxamide, were selected because of
an excellent colorimetric analytical technique which has been developed
for hydroxamides (12, 13, 14). Both of these substrates possess ion-
izable groups. This is an advantage in one respect: it is certainly
desirable to obtain information regarding the effect of pH on the
ﬁydrolysis of substrates possessing such ionizable groups, and a dis-
advantage in another respect: for the initial investigation of the
effect of pH on the enzyme-catalyzed reaction, it would perhaps be
preferable to avoid the complexity introduced by such ionizing groups
and to study a neutral substrate., Although such neutral substrates

now appear to be available for study (15}, the analytical techniques



for these substrates had not been sufficiently well refined at the

time the experimentation on the pH optimum behavior of alpha-
chymntrypsinﬁwas started. Previous investigators have determined

the pH optimum for acetyl-L-tyrosinhydroxamide and L~tyrosinhydroxamide
and some tentative conclusions were advanced regarding the effects
observed (1L, 16). The kinetic constants were also determined for
each of these substrates at its optimum pH.

These experiments were undertaken, then, with the object of
determining the influence of hydrogen ion concentration on the kinetic
course of the hydrolysis of the above substrates, beth in the_ébsence
and presence of competitive inhibitors of various ionizing types.
Through observation of the behavior of these constants with changing
pH, it was hoped that a mechanism fitting the experimental data might
be vroposed Whicﬁ would allow some conclusions to be drawn regarding

various kinetically important ionizing groups on the enzyme.
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CALCULATIONS AND EXFPERIMENTAL RESULTS

Some general considerations. The determination of the kinetic

constants for an enzyme-catalyzed reaction ordinarily requires that
a series of kinetic studies be made with the enzyms concentration held
at a single value and the initial substrate concentration for each
experiment varied over a fairly wide range, If the influence of pH
on these kinetic constants is to be studied, then, under ideal con-
ditions, a set of kinetic experiments would be made at each of
several pH's, the constants would be evaluated for each pH, and,
finally, some conclusicns regarding the effect of pH on the kinetic
constants of the reaction might be reached, While this ideal might
be attainable in some cases, it was found necessary to effect sone-
compromises in the present series of experiments,

First of all, the progress of the hydrolysis reaction causes the
liberation of a carboxylic acid and hydroxylamine. Since hydrﬁxylamine
is a very weak base, the net effect i1s the release of acid into the
solution. When the substrate ccncentration is rather large, the amount
of hydrolysis which is required to give satisfactory information re=-
garding the course of the reaction may cause rather large amounté of
acid to be liberated. The pH might be maintained at a constant value
in spite of these increasing amounts of acidity either by the con=-
tinuous addition of alkali to the reaction mixture (in cénjunction‘with
a pH measuring device) or by the use of large amounts of buffer. The
dilution of the reaction mixture which would be caused by the additicn
of alkali, the necessity for standardizing the pH measuring device
several times during the interval of time required for the experiment,

and the complexity of the experimental set-up combine to maks the first
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alternative ratber unattractive. The second alternative also offers
sowe difficulties in that the concentrations of buffer required to
effect compléte buffering with large amount of hydrolysis would have

to be very large. It was felt that such large concentrations of

buffer, because of the effects of ionic strength and the alteratién

of the activity of the water, would not be very desirable, Accordingly,
a compromise solution of this problem was attempted; namely, a certain
amount of change in the pH of the reaction mixture was accepted, the
extent of this change was measured or estimated in various ways (for
which see the following experimental section), and allowance for this

change was made in the interpretatioen c¢f the results.

Kinetic studies on L=tyrosinhydroxamide. It was decided that the

study of the effects of pH on the kinetic constants of the alpha-
chymotrypsin-catalyzed hydrolysis of this substrate might well be
carried out by the methods of Walker and Schmidt (1). This meﬁhod,
which is reviewed and applied in the first section of this thesis,
involves the determination of the amount of hydrolysis which occurs
within a fixed time interval, here chosen as sixty minutes. It seemed
most reasonable to select the median pH, ie. the pH halfway betwéen
the starting and concluding pH's, as the one characteristic of the
run. The assumption is, then, that the effect of the changing pH will
be thus averaged out, and that the result of the run'wili be the same
as that which would be obtained for a hypothetical run made at the
median pH alone. For the small changes in pH observed, the approxi-
mation seems well justified.

The experimental guantities which must be obtained for use in the

Walker - Schmidt method of plotting are (l/t)([S]o —[S]t) and
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(1/t) In [8],/iS]y, where t = time, [S] = initial subsirate con-
centration, and {_S]t = substrate concentration remaining after time
te Evident]jg if {S]O and t are known quantities, a knowledge of
the valve of one of these functions allows the value of the other

function to be ccmputed. According to Beer's Law
[S]t = kgt » Where ey, is the extinction cbserved in any
colorimetric method designed to measure [5];. Similarly

5], = ke, -

Now, since the value of k seems to vary slightly with a number
of experimental variables (but not within a given run), the use of a
quantity which does not invelve k seems desirable. Such a quantitj
is (1/t) 1n {S}O/{S]t ={(1/t) In Eo/ét‘ As a consequence,

(1/t) 1n Eo/ét was used as a basis for the computations involved in
these experiments. Actually the variations unoted in k were very
small, and gross errors in measuring out the substrate for a run or
in dilution could be detected very easily by comparing the e, value
for g particular run with the N valve which might reasonably be.
expected on the basis of Beer's Law behavior,

The first step, then, in carrying out a kinetic run was to meke
observations of the extinction values at various times during the
éourse of the reaction. Sometimes these observations were made at
intervals fairly well distributed throughout the time of the reaction;
sometimes they were grouped at the beginning of the run and at sixty
minutes, the time used for the Walker - Schmidt plot, Néxt the natural

logarithms of the extinction values thus obtained were plotted against
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elapsed time, and the values of In and 1ln ey Were obtained by

=
very short interpolations. The value of (1/60) In[s] /8] =

(1/60) 1n Eo/ét was then calculated. For runs made with a single
substrate concentration, but at various pH's, a plot of (1/60) ln[S]O/{S]t
vse. pH is a smooth curve, The values of this quantity obtained at
various pH's and initial substrate concentrations are summarized in

Téble VIII and presented as plots of (1/60) ln[S]o/[S]t vs. pH for
constant substrate coﬁcentrations in Figures 9 through 13,

In order to get values for the kinetic constants which are
characteristic of a particular pH, it is necessary to extrapoléte the
experimental values of (1/60) ln[S]o/[S]t, which are obtained at many
pH's, to a single pH. The plots of (1/60) 1n[S}O/[S]t vs. pH were
employed for this purpose. Rather than trying to fit a fair curve.
through the experimental points and then using points taken from the
curve as a basis for computation, the curve was merely used as & guide
to determine the method of extrapolation. The extrapolation procedure
was made easier by the fact that both the acidic and basic branches of
the curve appeared to be nearly linear. For example, take the treat-
ment of Expt. No. L1. The value of (1/60) 1nf s]o/[s]t determined
from this run was found to be 13.L and the median pH was found to be
6.17. The point corresponding to these values is indicated by the
arrow in Figure 9. A linear extrapolation, indicated by the dotted
line parallel to the fair curve, gives values of (1/60) 1n[S]O/[S]t
of 13.8 x 10™° min.™* at pH 6,50 and 10,5 x 10™° min.™ at pH 6.25.
Near the optirmm pH, the change of the value of. (1/60) 1n[s] O/[S] t with
pH is much slower, and no change in the value of (1/60) 1n[S],/[S];

results from short range extrapolations. (Extrapolations mede 6ver
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ﬁhe regions where the curve changes shape rapidly appear to be rather
hazardous since the exact shape of the curve is not well enough defined
by the experimental data; such extrapolations were not used.) Obviously,
the extrapolation procedure will yield the most accurate values if it
is emploved over short intervals only. However, the best determina-
tions of the kinetic constants result'when a large amount of information
is available., The following procedure was estahlished with these
factors in mind: 1) A1l of the runs below pH 6.25 were extrapolated

to pH 6.0 (Table IX}, 2} All of the runs between pd 6.0 and 6.5 were
extrapolated to pH 6,25 (Table X), 3) A1l of the runs between pH 6,25
and 6.75 were extrapolated to pH 6.5 (Table XI), L) All of the runs
near the optimum were extrapolated to pH 7.0 (Table XII), 5) All of

the runs between pl 7.25 and 7.75 were extrapolated to pH 7.55

(Table XIII), 6) A1l of the runs between pH 7.50 and 3,00 were
extrapolated to pH 7.75 (Table XIV), 7) All of the runs at pH's

greater than 7.75 were extrapolated to pE 7.95 (Table XV), Hote that
this overlapping causes most runs to appear at least twice in the
computations. No extrapolation is greater than about 2.5 - 3.0 pH
units, and most extrapolations are shorter than this. At a single pH,
then, several values for the quantity (1/60) 1n{5}0/[8]t were obtained
for each substrate concentration. These values were averaged, and

the average deviation was czlculated. From the average value of

(1/60) 1n{S]O/{S]t obtained for a given substrate concentration,

the corresponding value for (1/60)([5]0 - [S]t) was computed, and

these averages were presented in the form of a Walker - Schmidt plot.
The average deviations of observed values of (1/60) ln[Sjo/{S}t were
also indicated on the plot; these errors are the most significant

ones. The best straight line was drawn through the points, and the
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values for K (11} and Vpax (11) estimated from the slope and interw
cept respectively. Next, using the average deviations in the values
of (1/60) lnfS]o/{S]t as a guide, lines were drawn to estimate
reasonable extremes of interpretation of the data. The Walker -
Schridt plots of the data (extrapolated to the various pH's as indi-
cated) are shown in Figures 1l through 20, and the values of the
kinetic constants obtained from these plots are summarized in Table
XVI and presenited graphically in Figures 21 and 22,

A function which will prove to be important in later discussions
is Ks/vmax° As it happens, this function can be obtained from.runs
made at low substrate concentrations if Vysy is known even very
approximately. Only a rough interpolation in order to obtain values
for Vy.x at different pH's fron Figure 22 is required. Naturally,
accuracy is somewhat improved by the fact that changes in pH during
the course of runs started with low initial substrate concentrations
are usually negligible; consequently errors are not intreduced in the
process of trying to assign a characteristic pH to the run; The
integrated rate equation for enzymatic reactions (see Part I of this
thesis) has, in the absence of inhibition or other influences by the

products of the reaction, the form
This can be rearranged to

Ke/Vpax = t/(In{81/181) 1 = (8], =181 )/t Vipxle  (2)

[A]

Examination shows that ([S], ={ S]t)/t Vpax is usually much smaller

than 1 if [£], is small and Vpyay is fairly large. Runs made at
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3x 1072 ¥ and 5 x 1072 ¥ substrate concentration are employed for the
compubation of Ks/Vmax for this substrate. The results of these
computationﬁ-are summarized in Table XVII and are presented as

log K /V ., vs. pE in Figure 23.

max

Runs 69, 70, 92, 93, and 9L were used to study the effects of
ioric strength and the effect of caleium ion in particular. The
results of these runs are summarized in Table XVIII.

Not 21l of the runs in the numerical scguence were utilized in
the above calculations. In a few cases where high substrate concen=
trations were used at high pH's, the substrate precipitated oﬁt of
the solution before the run was completed. This was the case with
runs 18, 19, and 87. One series of runs was made with an enzyme
preparation later demonstrated to have a low activity (runs 51 - 56),
A few runs appeared to be aberrant for no recognizable reason, but
were adjudged to be in sufficient conflict with the bulk of the data
that they were summarily rejected (runs 43, LlL, 85, and 97). The
same stock sclution of enzyme was used for runs L3 and hh;.it seens

likely that an error may have been made in the preparation of this

solution.

Kinetic studies on acetyl-L-tyrosinhydroxamide, Partly because

of uncertainty regarding the inhibitory effects of the split products
resulting from the hydrolysis of this compound, the initiél velocities
of the hydrolysis reaction were employed for the determinations of Kg
and Vpay. It seems reasonable, therefore, to use the pH at the start
of a given run as the pH corresponding to the value for the injitial

velocity (VO) cbtained from the run. These initial pH's were
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determined by the methods outlined in the experimental section. The
ionizations of the very weakly acidic groups of this substrate are
almost entirély suppressed at lower pH's. Consequently a series of
runs could be made at a single pH using different initial substrate
concentrations, and the kinetic constants could be calculated for'this
pH without resorting to the extrapolation methods required for
L~tyrosinhydroxamide., Attempts were made to start all runs of a series
at the same pH, even when the ionization of the substrate became
significant. Although complete success was not achieved, the extra-
polations required were very short. |

For the estimation of the initial velocities of the reaction, it
seemed reasonable to use the method of successive approximations de-
scribed in Part I of this thesis, However, it soon became evident‘that
one of the split products of the hydrolysis reaction, acetyl-L-tyrosine,
was inhibiting very strongly at low pl's, A correction factor taking
this additional complication into account may be derived very easily.
The integrated rate equation which takes into account both:inhibition
by one of the products of the reaction and inhibition by an added

inhibitor has the form

Viax b =K (1 + [S]O/Kp + [I]/KI) 1n[.s}0/[s]t

' (3)
+(1 - Ko/K (5T, = [51,),

where KI refers to the dissociation constant for the enzyme-inhibitor

complex,

kr = EJIV [E1], (1)
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énd Kp refers to the dissociation constant for the enzyme-~product

complex,
K, = [B]lP]/{EP]. (5)

The equation of the line which expresses the initial slope of a first

order plot, ie., a plot of 1n{S]y vs. time, is given by

Inls] /08y = ¢ V ./ XK (3 + [T1/K) + [S] (€)
" From (3) and (6) one may obtain
£, =t

(K/[S])(1 + [I]/K7) + 1
(Kg/15]5)(L + [I]/K7)In[S] /15T, + 0 +(K o/ K CIIE] /[S]

x :Ln[s]o/[s]t (7)

H

where h ({S]O - [S]t)/ZS] = & hydrolysis in time t. Evidenily a
similer equation can be derived for corrections to a zero order plot.
(A plot of {S]t vs. t)e

f = (KS/ES]O)(14-[I]/KT) + 1 .
° (X 8] )+ [1]/KpInlS] /18], + h+(KS/Kp)(1n[S]O/[S]t =%y

x h, (8)

It would, of course, be desirable to apply these correction factors to
both zero and first order plots and to check the initial velocities thus
obtained for consistency. Becavse of the large amount of computation
which this would entail in the present case, only the first order

plots were employed. Since the correction factors are smallen for
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‘the first order plots than for the zero order plots, the estimates of
the values of the factors need not be as accurate for first order
plots as for zero order plots.

The process cf obtaining the initial velocities was then as
follows: 1) From a set of runs made at a given pH, rough estimates
of the initial velocities were made visually., 2) From these estimates,
an approximate value for K, was obtained. 3) A similar procedure was
followed in the case of runs made at the same pH, but containing added
quantities of acetyl=tyrosine. An approximate value for K (1 + [P]/Kp)
was obtained, where [P] = the concentration of added tyrosinéo
i) From these approximate values, a value for Kp'was obtained,
5) The approximate values for Kp apd Ks were used to obtain values for
f1. The plots were then corrected, and better estimates of K and Kp
were obtained from the more accurate values for the initial velocities
obtained from these corrected points. 6) The more accurate values for
Kp and Ks were then used to obtain new values for f,, and the process
was repeated if significant differences from the previous:fl values
werz noted. In practice, the first estimate was usually good enough,
By this procedure, the only influence on the kinetic course of the
reéction'which could not be quantitatively estimated was that caused
by the changing value of the pH during the course of the runj; this
change in pH was usually smell,

In the final stages of calculation, when the initial velocities
had been estimated as well as possible, the data were presented as a
plot of {8],/v, vs. i8], (ef. 17). In this plot, the slope of the

straight line through the experimental points is equal to V

maxs and

the intercept of the line on the vertical axis is equal to Kg/Vo,,s

Ks and Vyox were calculated from plots of this type for a number of pH's.
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There is actually no particularly cogent reason for employing
this method of plotting in preference to a number of other available
methods for fepresenting the data. Indeed, the method conceals the
actual independent variation of the kinetic constants. However, the
quantity'Ks/Vmax is a particularly important one in the inhibition
studies and in the evaluation of some of the effects of hydrogen ion,
and it was deemed advisable to obtain this as a single estimate fron
a graph rather than as a composite of two separate estimates. Also
the quantity [S],/v, is readily obtained from the first order plots
which are well suited to the colorimetric method.

Those runs which were made with an inhibitor added were treated
in an exactly analogous manner insofar as the estimation of the initial
velocities was concerned.

In Table XIX the velocities of all of the uninhibited runs made
at pH 6.2 are presented, and the [S],/v, vs. fs], plot of these rurs
is shown in Figure 2}, It may be noted that at this pH the hydroxamide
does not ionize; hence all runs start at the same pH if thé same salt:
acid ratio in the buffer is used throughout. Also at this pH the
buffering action of the cacodylic acid system is very good, and the
amounts of hydrolysis are usually fairly small. As a consequence, the
pHd changes very little over the course of a run. A number of inhibitors
were also added to runs made at this pH, a constant amount of each
inhibitor being added to a number of runs of different initial substrate
concentrations. It was assumed that the dinhibition was competitive
in each case (cf. 7), and the inhibition constants were evaluated from
Lineweaver - Burk plots (18) of the data. The initial velocities of
these runs are presented in Tables XX through XXII and the Lineweaver -

Burk plots are shown in Figure 25. Cacodylic acid buffer was used for
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all of the experiments at pH 620,

A series of runs was made at pH 6.60, also in cacodylic acid
buffer. Treétment of these runs was the same as for those at pH 6.20.
The results are summarized in Table XXIIT and presented graphically
in Figure 26, Some difficulty was experienced in interpreting thé
runs made at high substrate concentration, presumably because of the
effect of changing pH.

Results of runs made in cacodylic acid at pH 6,95 are presented
in Table XXIV and Figure 27.

Four runs were made at pH 7.12 using a phosphate buffer system
0,3f in phosphorous. This buffer required a special solution for the
colorimetric reaction, and the colored solutions showed some tendency
to fade. In spite of a greater concentration of ions, and in spite
of some uncertainty as to the exact effect of phosphate on the hydrol-
ysis reaction, the runs do not seem out of line with others made at
about this pH. The results of these runs are presented in Table XXV
and Figure 28. .

An attempt to use a tris-(hydroxymethyl)-aminomethane-~hydrochloric
acid‘buffer system at a pH of about 7.2 was not wholly successful,
This pH represents about the limit of effectiveness of this buffer,
and the pH change during runs made where a large amount of hydrolysis
occurred was very large, As a consequence, the four runs made under
ﬁhese circumstances are of somewhat doubtful value. They are presented
in Table XXVI and Figure 29.

One of the buffer systems investigated in an attempt to find an
effective buffer for pH's near 7.0 which did not display unfavorable

side effects was hydroxylamine-hydroxylamine hydrochloride. Four
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.runs were made with this buffer system with the buffer 0.3f in the
amine. Unfortunately, the hydroxylamine has an effect on the velocilty
of the hydrolysis reaction, which eliminates it from consideration

as a buffer for general use at this pH. However, the runs made in the
presence of hydroxylamine are of interest because of the fact that
hydroxylamine is one of the products of the hydrolysis reaction. The
actual data for these runsare rather poor, vartly because of slow
fading of the color produced by the colorimetric reaction, Results

of these runs arse presented in Table XXVIT and Figure 30. The

initizl pH for all runs was 7,15. Note that, since the huffer mix-
ture was prepared by neutralization of NH,OH°HCl, the reaction

mixturs also contains NaCl,

The buffer system consisting of ethylenediamine-monohydrochloride
and ethylenediamine-dihydrochloride is suitable for use at pH's in
the vicinity of To0es It has the disadvantage of introducing a larger
number of ions into the solution than previously used buffers. Four
runs were made with this buffer at pH 7.3 with the buffer O.3f in the
amine component, - These runs are presented in Table XXVIII and Figure
31. The change in pH during runs made at high initial substrate con-
centrations was still fairly large.

At pH 7.6, the reported optimum pH for acetyl-L-tyrosinhydroxamide,
five runs were made. Tris—(hydroxymethyl)~aminomethane~hydrochloric
acid buffer 0,37 in the amine was used to hold the pH. The conditions
for these experiments were identical to those employed by other in-
vestigators (1L, 19) except for the concentration of the enzyme and the
lot nurber of the enzyme preparation. The resvlts of these runs are

summarized in Table XXTX and presented graphically in Figure 32.
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Caleium ion has been reported to cause an increase in the rate
of hydrolysis of peptide linkages (10). Four runs were made at pH
7.60 under donditions identical to those employed for the runs dis-
cussed in the preceding paragraph except that calcium ion was added to
the extent of 0.OL M (as CaClz). The results of these runs are
presented in Table XXX and Figure 33.

Four runs were made at pH 7.60 with 55,1 x 1073 i L-tyrosinamide
as an inhibitor, This concentration of tyrosinamide proved to be very
strongly inhibitory. Competitive inhibition was assumed, and the data
ere presented in a Lineweaver - Burk plot (Figure 34). The résults
of the individusl runs are swmarized in Table XXXT,

4 series of five runs made at pH 7.70 is presented in Table
XXXIT and Figure 35, No inhibitors were added.

In the case of four runs made at pH 7.88; it was noted that for
each substrate concentration the velocity observed was low in comparison
with its near neighbors on a velocity ~ pH curve. This is reflected
as well in a low value for the Viax obtained from these ruhs. The
Kgs however, seems to agree with neighboring values quite well. These
effects are probably to be attributed to a low activity iﬁ the enzyme
stock solution used for all of these runs. Thus the Ky value appears
to be trustworthy while Vipy obltained from these runs may be lower than
the correct value, The cause of the decreased activity of this par-
ticular enzyme solution is not clear. The results of these runs are
presented in Table XXXIII and Figure 36,

The usual method employed for the evaluation of competitive
inhibition constante requires the determination of the initial veloci~-

ties of a nunber of runs in which the inhibitor concentration is held
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éonstant while the initial substrate concentration is varied, This
was the method employed for the evaluation of most of the inhibition
constants iﬁ this paper, However, it can be shown that it is equally
as possible to determine an inhibition constant from a series of runs
in which the initial substrate concentration is held constant while
the inhibitor concentration is varied. The expression for the initial
velocity of an enzyme catalyzed reaction in the presence of a com-

petitive inhibitor is

. Vpayls] |
S g TGy T BT )

While this equation can be rearranged in many ways to suggest possible

plots for runs made in this way, one of the more useful forms is
(TIveke/(Kg + [81,) = Vg [T ko /(Kg + [81)) = kv, (10) -

where v, = initial velocity, {I] = inhibitor concentration, and the
other symbols have their usual meanings. If the quantity on the
left-hand side of the equaticn is plotted against Vs @ stfaight line
will be obtained; the slope of which is equal to = Ky, the intercept
on the vertical axis equal to Vpgy[S]oK1/(Kg + [S])), and the inter-
cept on the horizontal axis equal to the velocity of an uninhibited
run,

The case under consideration does not offer an ideal illustration
of this method of determining inhibition constants. In the first
place, the compound acting as an inhibitor, acetyl-L-tyrosinamide, is
actvally a substrate in its own right. Since it is hydrolyzed at
a mach slower rate than acetyl-L-tyrosinhydroxamide (ratio about 10

to 1), it would seem that, at least as a first approximation, the
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hydrolysis of the acetyl-L-tyrosinamide might be neglected, and the
compound considered to act entirely as an inhibitor. A quantitative
discussion of the validity of this assumption might well be deferred,
Secondly, the run made without inhibitor added shows a velocity much
higher than velocities of other uninhibited runs for the same substrate
concentration, higher even than those made at the pH optimum. This is
probably an indication of a mistake in weighing out enzyme for the
preparation of the stock solution. In theory, at least, this should
have no effect on the value obtained for the ¥inhibition" constant

for the acetyl-L-tyrosinamide. The data are offered principally for
illustrative purposes, and not for the reliability of the value of

the constant which Is obtained. The velocities and other computed
guantities are presented in Table XXXIV and the plot.described above
is shown in Figure 37. It might be noted that the value of an in-
hibition constant obtained by this method is remarkably insensitive to
errors in the value of K which is used to compute the necessary
gquantities for the plot,

The above method offers the advantage of allowing the substrate
concentration to be selected so as to obtain optimel conditions for
making experimental observations, In the case described above, the
substrate concentration used for the experimenis is sméll gnough that
the changes in pH during the course of a run are negligible, but large
énough to give optimum conditions for the analytical method used in
following the hydrolysis reaction.

Lt pH's greater than about 7.9, the ionization of the hydroxamic
acid grouping begins to become important, and the attainment of the
same initiel oH for a group of runs becomes more difficult. A series

of runs was made in the vicinity of pH 8.20 and extrapolated to that
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ﬁH in a menner similar to that employed for L-tyrosinhydroxamide. The
extrapolations for acetyl~L-tyrosinhydroxamide were made over much
smaller disﬁances, however. These runs near pH 8,2 are summarized in
Table XXXV and Figure 38. Both observed and extrapolated walues are
given in the table,

This same problem was encountered in a somewhat more aggravated
form at about oH 8.6. The extrapolations were never longer than 0.1
pH unit, however., OScme erratic behavior of the pcints was noted for
the runs made at this pH. Runs 30 - 38 probably give the best in-
dication of the correct values for the points as these runs wére made
in two groups of four within a space of a few days. Agreement between
these runs seems to be fairly good, and they seem to fit into the
pH spectrum, which includes some runs made at about this same time‘at
higher pH's, In view of these facts, it seems very likely that these
runs represent the situaticn at this pH fairly satisfactorily. At
the same time, it should be kept in mind that relatively small errors
in the estimated velocities can cause large errors in the final
constants when the valuve of Kg becomes fairly large.

The balance of the runs mode near pl 8.6 were made in isolated
instances as controls for inhibition studies. These, in general,
appear to have higher velocities than the runs in the 30 - 38 sequence.
The magnitude of this increase appears to be about 8% for the lower
éoncentrations and about L% for the larger substrate concentrations.
Run 96b and its accompanying inhibitor runs (made with the same enzyme
stock solvtion; have low velocities when compared to other runs,
including run 99% and the runs made with it which contain the same
amount of inhibitor as 96b. Run 992 is in agreement with.some of the

other runs made with the same initial substrate concentration. The
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folldwing procedure was adopted: 1) Runs 30 - 38 were coﬁsidered
separately; 2) The remainder of the runs were considered without runs
30 = 385 3) A11 of the runs were considered jointly. Although the
values obtained from 1) are probably the most reliable, 2) and 3)
serve to indicate the péssible extent of error. ZEvidently a confirma-
tion of the results obtained at this pH is desirable. The results of
these runs are summarized in Table XXXVI and Figures 39a, 39b, and 39c.
Because of the snread in values observed at pH 8.60, it was decided
to evaluate inhibition constants using a control run employing the same
enzyme stock solution. If competitive inhibition is assumed,_é value
for the inhidbition constant can be obtained by a comparison of a single
run to the control. In order to do this, a value for K, must be
assumed; this, however, need not be particularly accurate. If symbols
subscripted "o¥ indicate initial quantities corresponding to the
control run, and if synbols subscripted "oi" refer to similar gquan-

tities for the inhibited run, then the following relationships apply

Vo = Ve 81/(Kg + [B1,) (11)

Vo1 = V@ax[S]oi . C(12)
Ks(1 + T VEy) + I8l
Since the control znd the inhibited run are both made with the same
enzyme activity, Vmax is the same in (11) and (12}. The ratio of the

velocities is then

vo Bl K(L o+ VD + By

= . (13)
Voi (s ]OI'L Ks + [5 ]0
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Evidently a value for Kp can be obtained from this relationship.

This method wés successfully employed for acetyl-D-tryptophanamide
(Table XXXViI) and acetyl-L-tyrosinamide (Table XXXVIIT). It might
be indicated again that acetyl-L-tyrosinamide is a substrate in its
own right, and that this may mean that the apvarent inhibition coﬁ-
stant which is obtained by the above method may not be a pure in-
hibition constant. An attempt was made to obtain a valve for acetyl-
L-tyrosine, but the amount of inhibition was too small tc be quan-
titatively evaluated.

A number of runs were made in the general vicinity of pH.9.0
(Table XXXIX). While these were not accurate enough to permit values
of Kg and V . to be obtained at this pH, they were of considerable
use in determining curves for extrapoclation purposes, These runs élso
yielded some values of K /V a. on the basis of some simple assumptions,

The values of Kq and V.. determined at the various pH's are
summarized in Table XL together with some other values reported in
the literature. The values are presented graphically in Figures Lo
and L1,

. Equation (11) can be rearranged to form

Ks/vmax = B lo/v - [S]O/Vmax . (1h)

This eqguation is, of course, the basis of the method of plotting which
has been used for the kinetic studies of acetyl-L-tyrosinhydroxamide.
One valuable property of this expression is that, for small values of
[s]g, and rather large values for Vpuy, the term [51o/Vpax may be quite
small compared to [S},/v,. This means that accurate values for Kg/Vigy

can be obtained from runs made at low substrate concentrations.
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Additional practical advantages in the present case result from the
fact that the change in pH is negligible over the course of a hydrolysis
experiment made with a low substrate concentration. Since the gquantity
Ks/vmax appears to be an important one for subsequent discussion, it
has been calculated from runs made at low concentrations of acetyi—
L-tyrosinhydroxamide., With the reasonable assumption that Vpax at pH's
greater than 8.6 can be obtained fairly well by an extension of the

curve in Figure L1, values for KS/V have been calculated for some

max
runs at about pH 9.0. A rather large error in this extrapolation would
cause only small errors in Ky/V ... The results of these calculations
are presented in Table XLl and Figure L2. The Jogarithms of Ks/VmQX
rather than KS/Vmax itself are plotted in Figure L2 in order to give
a reasonable spread to the values.

From equation (12) it is evident that a value for KI can be ob-
tained from a single run if values of Ky and V ., are known. In order
to obtain a more accurate idea of the behavior of the inhibition constants
of acetyl-L-tyrosine and L-tyrosinamide with respect to pH; a3 series of
runs at a low substrate concentration were made, and values for Ky and
Visx teken from Figures LO -~ }i2 were used to calculate the constants.
Table XLII and Table XLIII summarize the data for acetyl-L-tyrosine
and I-tyrosinamide respectively. The variation in the inhibition con~
stants with pH is shown graphically in Figures i3 and bl

The behavior of the constants of some of the other inhibitors with

respect to pH is indicated by the data presented in Tables XLIV and

IV,
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DISCUSSION OF RESULTS

A, The effoct of ionic strength, calcium ion, and hydroxylamine

on the hydrolytic reactions.

From the data whichare given in Table XVIII, an increase‘in jonic
strength of about 50% does not appear to cause any change in the
velocity of the enzymatic hydrolysis of E-tyrosinhydroxamide; at least
not at pH's up to 7.0. Calcium ion does seem to have an accelerating
. effect on the reaction. Magnesium ion may have a small effect;
however, this was observed only at pH 7.0, and the limits of éxperi-
mental error do not permit any rigorous conclusions to be drawn. It
might be noted that the range of ionic strengths explored here is
greater than that resulting from the varying ionic strengths of the
buffer,

In the study of the hydrolysis of acetyl-é—tyrosinhydroxaﬁide,
some of the buffer systems employed possessed higher ionic strengths
than the others. Thus the KHQPOh - KZHPOh buffer system.aﬁd the
ethylenediamine-monchydrochloride=-dihydrochloride systems had con-
siderably higher ionic strengths than either the cacodylic acid 6r
tris-( hydroxymethyl)~aminomethane buffer systems for a corresponding
pHe Thus at pH 7.0 the two latter buffer systems, as used in the
present studies, would have ionic strengths of roughly 0,27 M, while
the ionic strength of the ethylenediamine system (pKAz = 7.0) is about
Geb6, A similar increase holds for the phosphate buffer. However,
examination of Figures LO - 12 fails to disclose any effect of this
increased ionic strength., It should perhaps be emphasized that the

effect of ionic strength may become more important at higher pH's;
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evidence which indicates that this may be so is currently being
obtained (22). Other substrates than acetyl-L-tyrosinhydroxamide are
being used for these studies.

He. Neurath has reported a rather profound effect of calcium ion
on the activity of chymotrypsin (10). . It was thought that it'migﬁt
be of interest to investigate the influence of calcium ion on the
hydrolysis of the hydroxamides. Calcium ion did cause an increase in
the rate of hydrolysis of L-tyrosinhydroxamide at pH 6.0 and 7.0.
~ Controls indicated that this effect was not due to ionic strength. The
kinetic constants for the enzyme-catalyzed hydrolysis of acetyl-L-
tyrosinamide were determined in the presence of 0.0Lf CaCl, at pH 7.6.
This series of experiments was uncontrolled, ie. the part of the
increased activity due merely to ionic strength was not determined,
One might suppose, from the evidence that ihe higher ionic strength in
thé ef,hylenediamine buffer system used at pH 7.3 caused no observable
increase in activity, that the ionic strength effect at pH 7.6 might
also be small, The constants obtained in the presence of Ealcium
ion were Ko = 40 x 10™° M, and V o, = 1,61 x 10~3 M/min. as compared
to Kg = U7 x 107 i and Vo = 141 x 107> ¥/min, for the reaction
in the absence of calcium ion. It is not possible to detefmine within
the limits of experimental error whether or not the value of Kg is
affecteds It is, however, possible to say that V., is definitely
increased by the presence of calcium ion. According to the steady

state treatment of the reaction sequence

E + s—l"ﬁ,ﬁ;_ ES —22 3 products,
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KS is equal to EEEELEQ (9}e Vigx =k:[EB],, where [E], is the total
enzyme concentration, Evidence has been accumulating that kg))ks in
reactions caﬁalyzed by alpha-chymotrypsin (23). In the case of
acetyl-L~tyrosinhydroxamide, which has the largest k; value of any
substrate so far studied, the increase in Vmax (and hence of k3) of
about 15% certainly does not cause any increase in the value of Kgs
and, therefore, it might be supposed that k3<<k2. Better controlled
experiments involving larger amounts of activation should be per-
formed in order that a more positive indication of this effect may be
obtained,

When hydroxylamine was employed as a buffer, it inhibited the
enzymatic hydrolysis of acetyl-L-tyrosinhydroxamide. This inhibitory
action of the hydroxylamine seemed to be exerted mainly om Vpax,

Since the enzyme stock solution was prepared with the 0.3f hydroxylamine
buffer and then used for runs over a period of several hours, it might
be expected that, if the inhibition were due to irreversible destruction
of the enzyme, the effect on the values of the individual wvelocities
and upon Kg would have been more profound than that observed. Evidence
indicates the possibility that the same sort of statement might be made
for hydroxylamine as for calcium ion, but the present experimental
evidence is insufficient. Probably the most important result of these
experiments with hydroxylamine is that hydroxylamine, in the quantities
1iberated in the hydrelysis of the hydroxamide substrates by chymo-
trypsin, has a negligible effect on the kinetic reaction. The largest
quantity of hydroxylamine liberated in a hydrolysis experiment was of
the order of 0.,025f, while 0,3f hydroxylamine caused a decrease in

velocity of only about 10%. Incidentally, a short experiment
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demonstrated that the inhibitory effect of hydroxylamine was not due

to the existence of an appreciable back reaction,

B. Agreement of results with those of previous investigators.

The alpha-chymotrypsin-catalyzed hydrolysis of éftyrosinhydréx—
amide has been studied at pH 6.9 - 7.0 using the initial velocities
of the reactions for the evaluation of the kinetic constants (16},

If the split products of the reaction caused any inhibition of the
enzyme, the constants obtained in this way would, at least in theory,
differ from constants obtained by the method of Walker and Schmidt,
since the quantities used as a basis for computation in the latter
method are determined from an advanced stage in the reaction. From the
rirst method: Kg = L1 + 2 x 10734 and k, = 3.6 + 0.2 x 1073 i/min,
From the second method: Kg = Lo i-h x J073H and kg = 3.6 + 0.3

¥ 10"%/min. That agreement should be fairly good is hardly sur-
prising since some of the experiments used for the Walker - Schmidb
‘method were also used for the method based on initial velocities,
However, the results do indicate that there are no serious effects from
the split products, at least at pH 7.0 It is assumed that an equally
fortunate sitvation exists at other pH's,

Values for the kinetic constants for the alpha-chymotrypsin-
catalyzed hydrolysis of acetyl-L-tyrosinhydroxamide obtained in these
éxperiments may be compared to those obtained by other investigators
at pil 7.6. Present experiments: K, =L7 +3 x 107%l; kg =35+ 2
x 10'31M/mg. protein nitrogen/ml./min. Foster and Niemann (19):

Ky =2 +2 x 1073 M3 k5 = 3 +2 x 10=2 . Hogness as corrected by

Foster (20}: Kg =L5 +5 x 1072 u; kg = 32 +3x 102 . Agreement
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éppears to be fairly goode It might be remarked that Foster used the
same lot of the Armour preparation of alpha-chymotrypsin as that used
in the preseht oxperiments, while Hogness used a different lot.

Foster and Niemann (19) obtained a value of 90 + 10 x 1072 ¥ for
the inhibition constant of acetyl-L-tyrosine at oH 7.6. This compares
well with 2 value of 87 x 10~> M obtained in this series of investi-
gations. The curve for K; vs. pH for acetyl-L-tyrosine (Figure L3)
also seems to be within the limits of error of 115 + 15 x 1073 ¥ for
the KI of acetyl-L-tyrosine at pH 7.9 as reported by Thomas et al (21),.

The value of L1 x 1072 M determined as the apparent inhibition‘
constant for acetyl-L-tyrosinamide at pH 7.9 does not agree particglarly
well with a value of 32 x 1073 X for Ky determined by Thomas et al (21)
as reéalculated by Foster (20). The value of L1 x 10™2 also appears
to be high compared to other Ky valves which have been reported (cf. 21)

and recently determined in these laboratories (2hL).

C. Acid constants of hydroxamic acids,

Recent determinations of the acid constants of the hydrozamic acid
groups in L-tyrosinhydroxamide (16), and acetyl-L~tyrosinhydroxamide
(1&5 by potentiometric methods have thrown into question the value of
pKA = 7,55 for acethydroxamide, This value for acethydroxamide was
determined in 1910 by a conductimetric technique (25). The acid con-
étant for acethydroxamide was consequently redetermined potentio-
metrically and found to be about 9.4, This is in agreement with the
values obtained from the amino acid hydroxamides. Some glycinhydrox-
amide was also prepared and its acid constants deterwmined; however,
because of a somewhat low decorposition point (but a fairly good neutral

equivalent) the values of the acid constants for this compound may be
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slightly questionable. The acid constants for hydroxamides are
summarized in Table XIVI. It seems fairly clear that a revision

in the older value, still accepted in the most recent review (26),

is called for. A pK, of about 9.0 - 9.5 appears to be characteristic

for hydroxamic acids.

D. The effect of pH on the hydrolysis reactions catalyzed by alpha~

chymotrypsin.

The effect of pH on the hydrolysis of L-tyrosinhydroxamide has
been discussed briefly on the hasis of the pH optimum curve albne
(16). Acetyl-L-tyrosinhydroxamide has been considered in somewhat
more detail, also on the basis of its pH optimum curve, and a calcu-
Jation based upon a comparison with the optimum curve of acetyl-L-
tyrosinamide and the ionization constants of the hydroxamic acid was
apparently successful (1L). A discussion of the effect of pH on the
hydrolysis of this substrate has appeared in a recent article (7).
It is vnfortunate that, in the treatment which appears heré, the
wrong form of the substrate (the completely unprotonated cne) has been
selected as the one upon which the enzyme acts, It ig interesting
that; in spite of this mistaken starting point, the qualitative con-
clusions which are reached are the right ones.

The effect of pH on enzyme-catalyzed reactions is usuvally at-
ﬁributed.to the existence of several protonated forms of the enzyme,
and equations have been derived from this standpoint in several in-
stances (1, 2, 3, 4, 5, 7, others). In the usuval case, only three
different protonated species related by two acid constants have been
found necessary to describe the pH phenomenon for most systems. The

range of application of this idea has recently been discussed (7).
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in addition, it has been found that, in all of the cases so far described,
it is sufficient to postulate that only one protonated form of the
enzyme is cétalytically active (7). In the deriving of expressions
relating pll and the kinetic behavior of enzymatic reactions, almost any
desired degree of complexity may be attained (5). The problem.isjone
of finding a simple, reasonable explanation for experimental results,
and not one of considering all of the various possibilitiss for the
effect of pH on enzymatic reactions.

It is customary in making these derivations to assume that the
rate of reaction of the active enzyme-substrate complex to gi#e products
is much slower than the other reactions in the series. As stated in
the introduction, the steady state solution appears only to yield the
information the K, is not necessarily a true equilibrium constant..
The derivations which follow are consequently based on the customary
assumptions,

We may start by considering the following system, assuming that
zone A conditions (27} hold., The resulting expressions aré the same
as those obtained by other investigators (3, L). This system would

be a likely one for a substrate whose charge state is of no kinetic

consequence.,
b0
S + HES mj?\ K> products
HE HoES
Rate = v = k,(HES) : (15)
e In/[HE] = K, (16)

EIn/lE] = & (17)
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rams In/[Hz88] = K, (18)
£s In/lHms 1= 4, (19)
e llsl/lms] =k, (20)

The total enzyme concentration is given by

(8], = (8] + [mB] + [1E] + [®S] + [mES] + [uES] , - (21)
By substitution of the equilibrium egquations in (21):

(8] /11BS] = &, /1SIXb/K, + 1+ K /) +n/K_+1+K/h (22)

When (22) is solved explicitly for [HES], and substitution made into
(15),

kalB],[8]

t Kn(h/K, +1+ K /n) + [S](/K_+ 1+ K, /h) (23)

It can be seen that a reaction proceeding according to (23) will still

follow Michaelis - Menten kinetics, ie., obey a rate law of the form
V= Uy [SI/CIS] + xg) (@)

From (23), the observed constants, Kq and V., would be expected to

max

vary with pH according to

(h/Eg + 1 +K/h)

s = 'n (h/X, +1 +Kd/h) (25)

= k3[E]o
h/K, +1 + Kd/h

Vipx (26)
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Ks/Vmax = (Kp/ka[E] )(b/K, + 1 + K /n) . (27)

It might be remarked that for a specific case somz of the equilibrium
constants may equal zero or infinity. One sees from these equations
that it is not necessarily true that either of the kinetic constants
is pH independent. These equations have been employed by several
investigators with more or less succéss and with more or less mod-
ification (cf, 3, 5, and 7). The greatest success so far obfained has
been in the case of fumarase investigated by Alberty (4). A number of
good auantitative relationships seem to be forthcoming.

The above situation may be rendered rather more complex by'the
existence of wvariously dharged species of substrate. Some of the
effects of substrate ionization have been treated by other investi-
gators (3, b, 5, 7). It is with some of these more complex cases that
we are»presently concerned., The case of acetyl-L-tyrosinhydroxamide
will be considered first. In the pH range studied, the ionizaiion of
the phenolic hydroxyl group is not too important, and the effect of
this ionization is uncertain, hence it will be neglected as a first
approximation. It seems best to examine a rather general case and then
to specialize it in the light of the experimental results. In a

manner analogous to that employed above we may write the reaction

sequence
] ETPH% 0}
'S + B—— HRSH'=—= HESZ
Jr J\\éroducts products
HoE HoESH H.ES™
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If we simplify by assuming that the ionization of the substrate
hydrogen in the enzyme-substrate complexes is the same for all of
the complexes and equal to the ionization constant of the hydroxamic

acid by itself, we may write the following equations:
Rate = k3[HESH*] + kg' [HES™] . (28)

A1l of the equilibrium constants represented by equations 16 through

20 apply, and in addition

(51n/(8] = ES™In/[ESH"] = [HES™Jn/ [mESE*] =

(29)
[EES™]h/[HESH" | = K1
apply approximately. The total enzyme concentration is
Elo = E]+[HE]+ [HE] + ESE*] + IESH"] + [HESH"] +
) (30)
EST]+ MEST] + U EST) .
(28) in light of (29) can be re-expressed
v = (ks + ky'K'/n)[HESHY] . (31)

The total substrate concentration may be expressed by
(sly = [ws]+[s7] = [Hs]/(1+k'/n) = [ST)/(1+H/K') . (32)

When the equilibrium expressions are substituted into (30), one

obtains

[E],/(ESH") = (Ky/[S1)(1+K1/n)(h/K, +1+K,/h) +

(33)
(1+ K /D) (WK + 1+ Ky/n) o
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Substituting for [HESH¥] in (31) gives

(ks +k3'K'/h)[E][S]4
Km( I+ KT/nJ(0/K, #1+ %, /n) + (I+ K /R (/K + I+ Kg/h)  (3h)

(kz+k3'K'/h)[E],

Vmax = ¥ KT/R)(H/K,+ 1F K3 /h) (35)
_ . WK +1+Ky4/h -
fs = Ko/h+1+n/K, (36)

(1+ K'/b)(hW/Kg+ 1+ Kp/b)

ka+ky'K'/h G7)

Ko/ = (/[51,)

Consider first the behavior which has been observed for Vjax.
Figure L1 seems to indicate a fairly rapid rise on the acid branch.with
a virtual pH independence (or something approaching it) on the basic
side, We might note also that the behavior of acetyl-L-tyrosine with
respect to pH (Figure L42) seems to indicate that negatively charged
groups are much less tightly combined with the enzyume With:increasing
pH. An adequate explanation of these observed effects can be obtained
if 1) the unionized form of the substrate does not interact with ES,
and 2} the ionized form of the substrate interacts only with HJE.

This probably represents an oversimplification of the actual state of
affairs; it seems likely that there is at least some affinity between
hydroxamate ions and the enzyme species HE., It does not seem worth-
while to increase the complexity of the resulting equations by
introducing terms for this interaction, which is very likely quan-
titatively small over the pH range studied.

As a consequence of these assumptions, equation (31) becones
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v = ky[HESH |, (38)
equation (30) becomes
[E], = [E]+ [HE] + [HE] + [MESH] + [BESH] + [HEST] , (39)
equation (33) is then

[B],/[HESH"] = (X,/[8],)(1+ K'/h)(h/K, + 1+ K /h)
+ 1+ h/KC(1+ Kt'/h)

(Lo)
= (Kp/[81y)(1+ K" /h)(h/K, +1+ Kpp/h) -
+(1+K'/Kg) +h/K, .
From equations (LO) and (38)
v = kalE] sl L
Kn(1 +E7/)(0/Ky + THEK/MY) + (T+ K'/K )+ B/K & (1)
From this equation
k) e
T = TIERR,) TR, (h2)
(b/Ky+ 1+ X, /h) _
Ky = Kp(1+ KV/h)7mrs (L3)
s~ 'm (L+E/K)+ /K
Ks/Vpax = (Kp/ka[Hy)(1+ K1 /n) (K, /n+ 1+ n/K ) o (LL)

Bquation (L2) predicts that the value of V. will rise to a constant

value. By inverting one obtains

VVpax = (1+X1/K,)/k5[B], + n/xs[E] X, . (45)
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Thus if l/VmaX is plotted against h, a straight line should be

obtained, The equation may also be rearranged to
Vnax = ks[B]o/(1+ KV/Ke) = Vpaxh/Ko(L+K1/K,) o (L6)

This form shows that a plot of V., vse Vipaxh is also a straight
line, This form seems better for nurposes of quantitative evaluation
than (45), Table XLVII and Figure L5 present the actual data obtained

experimentally, The slcpe of the line, equal to
LRI KK) (L7)

was found to be h.2 x 1077, If XK'= 1079, the constant determined for
acetyl-L-tyrosinhydroxamide, the value of K, is h.2 x 1077, Note that
the value obtained for K, is not affected much by K'. Tre straight
line relationship lies within the limits of experimental error of
the individual points. This is perhaps more evident in Figure L6
which is merely a re-plotting of Figure L1 with the curve derived
from Figure l;5, Thic representation fits the data within the limits
of error of the experiments, The apparent falling off of the velocity
on the basic branch of the curve might easily be due to decreasing
ionic strength of the buffer solution with increasing pH. Experiments
should be performed with the ionic strength held constant in order that
a better idea of the behavior of Vpax with pH may be obtained, partic-
ularly at higher pH's.

In equation (ll) can be seen a particularly useful relationship,

This may be rearranged to

(Ks/Vmax ) (L+ K1 /)= (Km/ks[E] ) (B/Kat 1+ Kp/n) o (L8)
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The left-hand side of this equation contains experimentally observed
quantities while the right-hand side contains acid constants which are
t&pical of the enzyme alone and which should apply in any instance
regardless of the substrate being studied. This would not necessarily
be true of K, The right-hand side of the equation has its pH niﬁimum

at

hO = KaKb ‘ (]4-9)

and may be represented by

(Ks/Vnax)(L +K1/0) = (1/15[E] ) +( K, /K /% [F] )
x (hy/h+ b/h)) (50)

= (1/k3[E]) + ( Xp/Ky/ka[E],) £(pH) (Ref. 7).

Evidently a plot of the left side of the equation against £(pH) will
yield a straight line from which K, and Ky can be calculated. The
correct value for the minimm pH is best obtained by trying different
values for h, until the best straight line is obtained. The value for
K, thained‘by this method should be fairly good; Ky, sufférs from the
possible effect of ionic strength at higher pH's mentioned aboﬁe, from
errors in K', from interaction of hydroxamate ion with HE, and from
some uncertainty regarding the effect of the ionigzation of the prhenolic
group of tyrosine on the kinetic reaction. This latter effect would
be particularly important at pH 9.0. The quantities used in the final
calculation are summarized in Table XLVITI and Figure L7, The values
obtained are X, = 1.l x 107 ang L =2.9x 109, The curve obtained

by plotting
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log(i+XK'/h)(h/K, +1+ Ky/h) vs. pH

is shown superimposed on the experimental data in Figure 48, MNote
that by employing logarithms it is not necessary to determine
Km/k3CE]O, and the shzpes of the curves can be compared directly.f

The value of K, = Lol x 1077 (pK, = 6.85) is in agreerent with
the value of pX = 6,8 obtained recently by direct titration of alpha-
chymotrypsin {28)., This acid group is not found in chymotrypsinogeh,
and it was therefore presured to be kinetically important. These
investigators proposed that this ionization might be that of the basic
group of histidine (pK; = 7.0).

This same curve fitting has been apnlied to the experimental data
for Ky in Figure L9. Again logaritkms have been used. Although the
fit of this curve apnears somewhalt rough, it agrees within the limits
of_experimental error. The use of logarithms causes differences in
the smaller values to be magnified. |

When the behavior of Vipax for gftyrosinhydroxamide is:examined in
the light of the foregoing, it seems evident that the ctate of pro-—
tonation of the aﬁino group is important kinetically. Furthermore, it
appears that protonated and unprotonated molecules both are combining
with the enzyme, since only by combination of both forms can the
behavior of V, o, be influenced by the status of the amino grovp. The
behavior of Vp,;y seems to indicate that the protonation of the amino
group has an activating influence for the enzymatic hydrolysis. It
may be true that the unprotonated form is completely inactive and acts
nerely as an inhibitor; however, it seems likely that it is also split,
albeit mere slowly  than the protonated form., The reacticn

scheme which expresses this idea is shown below,
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products

. 1
IE + SHX——mmshii——>mse—¥35 products

HE - HpESHy H ESH

The lonization of the enzyme hydrogen in the enzyme-substréte.
complexes may be affected by the presence of the positive charge on
the substrate, hence we cannot assume that both of these dissociations
have the seme value for K,. This 2lso means that in the enzyme-
substrate complex the acid constant for the amino group of the substrate
is affected by the protonation state of the enzyme. Consider the

following equilibriaz:

[EEIn/[HE]= K, (51
[2]0/[1E] = K, | ()
(EE]lSH, ] /[HESH, ] = Ky (53)
(HESH ]/l ESH,] = K, (5L)
(HESHIn/TH ESH] = K,! (55)
[SEIn/[SHf] = K, (56)
[5~1n/{sH] = K" (57)
[HESH)h/[HESHS] = K, ! (58)

(H,ESH]h/[B ESH )= K3 - (59)
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K;'s Kot Kc and KC' are not independent of one another; any one of
these constants can be expressed in terms of the other three.

The expression for the total enzyme concentration is then

Bl, = E] + (HE] + [E] + [EESH,] + [HEsH]) ,
_ (60)
+HESH] + [HESH]
Rate = k,[HESHA] + k5! [HESH]
(61)

= k,[HESEZ (1 + rK,'/h),

where r =ks'/kz

The total substrate concentration may be expressed by
[S1, = [S™1+[SH]+ [SH5'] = [SHFJ(1+K,'/h+K 'K /h2)e  (62)
Subgtitution of the equilibrium constants into (60) gives
[Elo/[HESHE] = (Kp/[8 1) (1+ X' /h+ K 'K /h®) (h/K, + 1+ K /h)
+ 1+K2’/Kc+h/Kc+Kl'/h ° : (63)

Equation (63) might also be expressed in other ways. Fron (63)
and (61)

k5B, [S)p(1+ 7K, /h)
Km(1+K '/h+K X "/h‘)(h/K +1+K /h)+1+K '/K +h/K, +K ‘71'1

(6k)

from whence

. =Km(1+ KO'/h+KO'KO"/h2)(h/Ka+1+Kb/h) (65)

1+Kp' Ko+ h/K, +K,'/h




H56m

= k3[E]l (1+1rK,'/h) (66)

VmaY -
TFK, /K, Fh/K, 7 &'/

o/ = (/i[5 ) LT /)

. (67)

Consider first equation (67). If we assume that r = J, that is,
HESH is not susceptible to hydrolysis, the use of the valueslof K, and
Xy from the kinetic studies on acetyl-L-tyrosinhydroxamide gives the
solid curve in Figure 50. This curve successfully predicts the
behavior of the data on the acid side of the minimum, and it also
predicts the correct position for the minimum within the limits of
experimental errcr. The discrepancy on the alkaline side may be
easily explained by some susceptibility to hydrolysis of the species
represented by HESH. The dotted curve represents the behavior ob-

-8, 1 Ki' is assumed to be the

tained for a value of rK;' of 1 x 10
same as K,! (this will certainly be nearly true), r = O,l. This means
that protonation of the substrate causes an increase in thé réte of
hydrolysis of the enzyme-substrate complex of approximately ten-—fold,

which is certainly a reasonsble figure.

Equation (66) can be written in the form

(1/Vipax)(1 1Ky 1/h) = (1/ka[E] )(1+ Ky ' /K o+ /K, + K, 1/h)

i

(L/%[E] )1+ Kz 1/ ) (68)
+ (K 'K/ [E] ) (b/h + b /h)

where hy = K, ' = pH at the optimum for Vgay. The left~hand side
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of the equation consists of known quantities if we accept rK;' as
previously determined. A plot of the left-hand side of the equation
against £(pH) = ho/h + h/h, will yield a straight line (Figure 51).
The slope of this line was found to be 2.38 x 10%, the intercept was
found to be 9.5 x 102, and hy, = 1,12 x 10~7 (phy = 6,95)e The number
of constants in (68) is one more than the number of constants which
can be obtained from the straight line. It is interesting, therefore,
to assign either to K,' or K;' the constant for the free cubstrate,

1x2077. IfK'=1x1077, Kzt = 3.22 x 1077, K, = 1.26 x 1077,

i

Ko' = 3.91 x 1070, and k,[E],=3.70 x 1073, If K' = 1 x 1077,

Ky ' = 3464 x 2070, Ko = 3,46 x 1077, K,' = 1.26 x 1077, and Kk [E], =
1.36 x 1073, These values are very sensitive to slight changes in
the slope and intercept of the line, and are, in reality, not par-
ticularly significant. The fact that K.) K,' and K;') X ' would be
anticipated from the influence of charges resulting from protonation
of the enzyme or substrate; protonation of the enzyme should make the
ionization of substrate hydrogens more facile, and vice-versa. The
order of magnitude of these changes is probably about right fof charge
interactions of this type. The value of K, in the second set of data
is fairly close to the value of X, for acetyl-L-tyrosinhydroxamide
(o2 x 10"7), but this is probably fortuitous. The use of the second
set of constants (K,' = 10—7) gives the curve in Figure 52 when
éubstituted into equation (66). The curve agrees with the data within
experimental error, and might even give a somewhat closed fit if the
line in Figure 51 were drawn a little differently. If K;' has the
value of 3,6L4 x 10'8, obtained by assuming K,' = 1 x 107, then

r = 0,27, still a reasonable value.
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The second set of constants substituted into (65), along with
other constants previously determined, should predict the shape of
the curve fof Kqge It is convenient to plot this logarithmically so
that K, becomes an additive constant. The curve thus obtained is
shown superimposed on the experimental data in Figure 53, Agreemént
of the curve with the experimental points is within the limits of

errcr,

E. The effect of pH on the inhibition constants of competitive

inhibitors of hydrolytic reactions catalyzed by alpha-chymotrypsin.

In view of the large amount of information which has heen ob~
tained for competitive inhibitors of hydrolysis reactions catalyzed by
chymotrypsin, it is important to consider what the influence of pH
on the observed inhibition constants might be. The effect of pH on
inhibition constants has been formulated by Alberty (L), among others,
who treated only the case for the interaction of neutral inhibitors

and substrates., He considered the following reaction scheme:

bR
|8 + HR=— HES—> products

N N\
H.E HoES

;nd
B ET
N Ny
I +HHET—HI N
N P
H.E HET

If
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[ME]R/[HE] = K, (69)
[EIh/[IE] = Ky (70)
[EESIh/[HES] = X, (71)
ESTh/[HES] = K4 (723
[HI]n/{HEI] = K, - (73)
(EI]n/{HEI] = K, (7h)
E)(s)/(HEs] =Ky (79)
(E]I]/[EI] = Ky (76)

and if K1 is the observed inhibition constant for the competitive

inhibitor,

1+ h/Ks+ Xp/h

Kt = v’ ° {77
I~ "HEIT+ /K, +Kp/h | (77)

The evidence for the case of alpha~chymotrypsin seems to indicate that
substrates, and, presumably, inhibitors do not combine with B
Thus for the case of the inhibition of the alpha-chymotrypsin-catalyzed

hydrolysis of a neutral substrate by a neutral inhibitor,

) 1 + h/K, +Kp/h
- 1+h/%,

. (78)

In general, then, K1 becomes a function of pH., However, the value of
KI will be the same for a given pH regarless of the neutral substrate
used in the evalvation since K, and Ky, are characteristic of the enzyme

alone, and X, and Kyp1 are characteristic only of the enzymer~inhibitor
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complexes, and comparisons of K; values at a single pH are valid.

When the equation for the influence of hydrogen ion on Ky is written,

_ g /Ky +i/h

Kg = _ ,
1+h/K,

(79)

it can be seen that comperisons of the observed values of Kg and Ky

are equivalent to compariscns of Xy and Kypy if either 1) Ky ¥ K,

or 2) the pH is high., BSince the values of K, so far obtained seem to
be greater than 10"7, and since K, is probably nearly the same as X,
for most inhibitors, the chances are very gocd that such comparisons
will be valid at pH's of about 7.9 where most of these comparisons
have been made. |

It can be shown that for the case of acetyl-L-tyrosinhydroxamide
the expression for inhibition by neutral inhibitors is the same as (78).

in the case of acetyl-D-tryptophanamide, the values obtained are:
pH 6.2, K1 = 2.0; pH 6,9, Ky =2,0; pH 7.9, Ky =2.7; pH 8.6, Kp = 2.1,
The drop from 2.7 to 2.l is not significant experimentally. The
equation (78) gives a qualitative explanation for the rise in Ky, but
predicts a much higher value at pH 8.6. The value of 2.L is the
product of some rather poor data and perhaps should be rechecked. The
value at 6,2 might be higher or that at 6.9 lower to suit the theoretical
equation better.

For the case of acetyl-L-tyrosine, it appears that combination of
thie molecule takes place chiefly with the species HzE, and not with
ZE. In past formmlations, the dissociation constants for the enzyre
substrate complex have always been stated in terms of the species HE,

In the rase of acetyl-L-tyrosine, it is preferable to discuss the
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observed behavior in tsrms of a dissociation constant for the species

T
Hz..aI o

(110 Bl /T8R1) = Ry py - (80)

If it is assumed that acetyl-L-tyrosine does not interact at all

with HE,

= . z 3\
Kp = Ky prKa/n(h/Ky + 1+ K /h)
, (81)
= Ky, r1(1+ Xa/n+KKp/n%) o
A plot of the experimental observations of X1 against 1/h should
produce a varabola. The curve which is actually obtained is not,.
however, concave upward, and some interaction of acetyl-L-tyrosine
with HE seems to be indicated. The behavior of the curve before this
interaction becomes very significant and before Ky, becomes of

importance should follow
Ky = KH2E1(1+ Ky/h) - (82)

Figure Sl shows vélues observed up to pH 7.6 plotted against 1/h.
Actuélly this pH is perhaps a little too advanced for rigorous ccn-
sideration, but the effects of Ky, and of the interaction of the acetyl-
L-tyrosine with HE are in opposite directions, and these points may be
reasonably accurate by virtue of the counterbalancing effects,

The value for K, obtained from the straight line is l.)i x 10~7, This
agrees well with the value obtained from the kinetic study of the

hydrolysis of acetyl-L-tyrosinhydroxamide. These two values for Ko

actually represent completely independent determinations.



This behavier of acetyl-L-tyrosine with oH wes anticipated fron
the results of experiments of R. J. Foster, who noted an increase in
the Ky velue of the acetyl-D-and-L-tryptophans and indoyl-3-propionic
acid in going from pE 6.9 to pH 7.9 (13), and from experiments using
equilibrium dialysis methods with radioactive acetyl-L-3,5~
dibromotyrosine (33).

The manner of change of the inhibition constant for L-tyrosinamide
is rather unexpected in comparison with the variation of Ky noted for
L~tyrosinhydroxamide. A4 decrease in Ky, similar to that observed
for L-tyrosinhydroxamide, was noted by Foster for D-tryptophanamide
in going from pH 6.9 to pH 7.9 (13). The equation relating the change
in KI to hydrogen ion concentration is very similar in form to the
equation for K, for L-tyrosinhydroxamide:

(1+Ky'/m)(h/Ky + 1+ Kp/h)

Kp = Kgpo _
17 B TIX /R IR, VR, /R, (83)

Kgr = [THY][HE )/ [HRIE*] . - (8h)

Kg' is the acid constant for the protonated amino group of the
subétrate; K4' and XK' are quantities amalogous to those for the
proposed reaction scheme for the substrate. Although Ko' for this
compound has not been determined, it would he expected to be of the
same order of magnitude as the acid constents for the alpha-amino
group of other amino acid amides, pK; for this group in glycinamide
is 7.9. Although it is conceivable that equation (83) could describe
the behavior of the inhibition constant for L-tyrosinamide, the

magnitudes of the constants which would be reguired would probably
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be quite different from those employed in the description of the
behavior of the related substrate. The bebavior of the inhibition
constant is.based on a rather slim amount of data, yet some doubt is
cast on the validity of some of the proposed reaction schemes, OCf
course, the behavior of Ky for L-tyrosinamide may very well not bé
strictly analogous to the behavior of XKg for L-tyrosinhydroxamide;
a better inhibitor for comparison purposed would be D-tyrosinhydrox-
amide, (4 determination of the KI value of the latter compound has
been made at pH 6.9, and the value found was 40 x 10™2 M (1¢é). This
value is umusually high for an inhibition comstant of a D-inhibitor
in comparison to the K value for the Efsubstrate.) One not too
unlikely possibility is that amino acid hydroxamides exist as zwitter
ions. In this case the pK, of 9.2 would refer to the amino. group
(compare to 9.6 in glycine), and the value of 7.0 would refer tc the
hydroxamic acid group (compare L.8 for the carboxyl group in acetic
acid with about 2.5 for this group in glycine). In the event that
this situetion should exist, the interpretation of the affect of pH
on the hydrolysis of L~tyrosinhydroxamide would necessarily be different,
although the form of the equation relating velocity and the various
equilibrium constants would still be similar to the equation proposed.
Vost likely, the KS/Vmax equation would have the same form and the
same values of the constants as proposed in the preceding discussion,
éven though the ionization constants for the groups were interchanged.
In the case of inhibition by acetyl-L-tyrosinamide, the variation
with pll of the value of the apparent Ky is about that which would be
predicted on the basis of equation (78). Using the values of Ky, Ky,

and K, = Ke obtained from the studies on acetyl-L-tyrosinhydroxamide
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together with a value of 32 x 1072 M for Ky = "K' of acetyl=L-
tyrosinamide (see Table XLV) at pH 7.9, & valve for Ky of 55 x 1072 U
would be indicated for pH 6.2, and a value of 5l x 10™° M at pH 8.6.
If the value of IO x 1072 M determined in the present series of
experiments at pH 7.83 is accepted as correct for KI’ then values.of
72 x 102 M at pH 6.2 and 71 x 107 ¥ at 8,6 would be predicted. These
values may be compared to the observed ones of 67 x 10™° M at pH 6,2
and 68 x 10~ I at pH 8,6, The manner of variation of this constant
with pH seems to be adequately explained by equation (78) if the

- assumption is made that K, for the "inhibitor" is equal to K, for the
hydroxamide, The observed values for "Ki" are likely to be high
because of hydrolysis of the acetyl-L-tyrosinamide itself, The
agreement obtained is orobably within the limits of the experimental
error. This small amount of data would not seem to justify a more
extended discussion of the quantitative aspects of hydrogen ion

influence on the simultaneous hydrolysis of two substrates.



EXPERIMENTAL SECTION

A. The preparation and properties of compounds.,

Acetyl-L-tyrosine. This compound has been prepared by many

investigators (cf. 29); however, some comments might well be adde& to
the general fund of information., Since acetyl-L-tyrosine is fairly
soluble in H,0, it may well be advantageous to keep the volume of the
acetylation reaction mixture small. One experiment, not carried through
for optimm yield, may be illustrative: 25 gm. L-tyrosine was added
to a solution of 13 gm. NaOH pellets in slightly less than 50 ml. of
HeC. This solution was cooled in ice, and 23 ml. of acetic anhydride
was added over a period of an hour with freaquent vigorous agitation.
The solution was tested frequently tc insure basic conditions, and
portions of a concentrated NaOH solution were added as needed. The
solution was placed overnight in the refrigerator. The next day the
solution was acidified while tested with a pH meter. It was noted that
no precipitate was formed at the iscelectric point of tyroéine. The pH
was ultimately brought to 0.7, and the resulting solution reduced to

a thick syrup in vacuo. ©Some toluene was added and then femoved in
vacuo in an effort to eliminate some of the traces of acetic acid and
water by azeotropic distillation; this did not seem to be particularly
successful. The syrup was then extracted with two portions of acetone,
énd the extracts were filtered free of the salt which precipitated out.
(Extraction with alcohol at this stage may lead to varying amounts of
esterification in subsequent steps.) The acetone was removed in vacuo.
A small quantity of water was added to the resulting syrup, and this

solution was somewhat reduced in volume by distilling in vacuo in order
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to remove traces of acetone. Water was then added until the volume

was about 50 ml., the solution was heavily seeded, and the mixture was
placed in the.refrigerator. Crystallization was aided by occasional
stirring during the two days necessary to get reasonable amounts of
material. (It may be noted that acetyl-L-tyrosine is very soluble in
hot water and may be recrystallized from very small volumes. Further-
more, crystallization from larger volumes is slow and incomplete.) The
crystals were collected and thoroughly dried in vacuo over P205. In
this experiment, 13 gms. of material, M. P, 152-153° (1i%t, 15215l
(29)), was obtained., Probebly a larger yield would have resulted from
the re-~treatment of filtrates.

Acetyl-L-tyrosine ethyl ester. This compound has also been pre-

vared on numerous occasions (cf. 21). The standard technique of dis-
solving the acetylated acid in absolute ethanol, folleowed by saturation
of the chilled solution with gaseous HCl was used with good success.
The following o®servations might be useful: 1) After the solution
saturated with HC1 had been allowed to stand overnight, the alecohol
and HClwere removed in vacuo, and the residual syrupwas dissolved in
water. If crystallization does not occur spontaneously, neutralization
of the solution with solid NaHCO; may be required; 2) The solid
material resulting from this treatment and from subsequent recrystal-
lizations - was = found to have a low melting point unless very thorough
dfying methods were used, (Evidently a semi-stable hydrate melting at
about 70° C is formed. Hard crystals of this hydrate resulting from
vacuum desic¢cation of the solid over CaClp will actuwally become very
gummy when subjected to more stringent drying conditions. This gummy

material will again become hard and exhibit the melting voint cf
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acetyl-L-tyrosine ethyl ester if dried furﬁher.) Several days in vacuo
over PoOy were necessary for complete drying, Alternatively the
hydrate was dried by dissolving it in ethsanol and benzene and reducing
the volume of the solution by boiling at atmospheric pressures Water
distilled off in the azeoirope. The remaining solvent was stripped

off in vacuo and the resulting syrup induced to crystallize by stirring
it into ligroin and scratching with a glass rod,

Acetyl—-I~tyrosinhydroxamide. The preparation of this compound has

been described by Hogness (14 . The method given here nay be used
alternatively. 10.5 Gms. Na metal was dissolved in about 160 ml., of
methanol, About 80% of this solution was added to a nearly saturated
solution of 4.4 gms. of hydroxylamine hydrochloride, and the resulting
salt ﬁas filtered off. The solution was chilled, and 22 gms, of acetyl-
I—tyrosine ethyl ester was added, Then the remaining £0% of the sodium
methoxide solution was added, and the resulting reaction mixture was
allowed to stand two days in the refrigerator, The solid which resulted,
the sodium salt of the hydroxamide, was collected by filtration, washed.
with methanol and dried. The product weighed 20.6 gms, and melted at
185-186° with extensive decomposition. (The difficult part of this
preﬁaration lies in the conversion of this sodium salt to the free acid,
The reason for this difficulty is unknown. The following procedure is
somewhat analogous to some employed for the purification_ofother simpler
hydroxamides,) The sodium salt wés dissolved in about 300 ml, of H,0,
and a saturated solution of GuSO4 was added dropwise with stirring., A
green, gelatinous precipitate of the copper salt of the hydroxemic acid
formed upon addition of the CuSO4a This salt appears to have some base
incorporated in it, and ZN NaOH is added alternatively with the Cus0,

solution until a test of 2 small
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amount of centrifugate with FeCl; solution gave no red color, thus
indicating complete precipitation. It is not certain whether or not
the solution should be prevented from becoming acid during the pre-
ipitation. The use of a pH meter in this cperation might be advan-
tageous. The large volumes of copper salt werecentrifuged and collected,
then twice washed with Hp0 and centrifuged. The damp Cu salt was then
ﬁlaoed in methanol and the resulting mixture saturated with HpS while
stirring. (When the Cu salt is placed in the methanol, quite a lot
of heat may be evolved, and the character of the precipitate may change,
This is narticularly true if the volume of wmethanel is snall._.This
effect is probably undesirable, and no doubt can be avoided by adding
the salt in sm2ll portions to the methanol while stirring and passing
in HzS continuously. Methanol was used for this purpose in vreference
to water because the CuS precipitate coagulates more readily in methanol,
and the methanol is more easily removed than water from the hydroxamide,)
To the mixture of CuS and methanol solution wzs added a considerable
amount of decolorizing charcoal to help speed the coagulation of the CuS
and to remove traces of color fron the solution. The charcoal and CuS
were filtered off, and the methanol was completely removed by stripping
in vacwo. The resulting solid was dried and found to weigh 16.6 gms,
(The removal of the methanol in one other case resulted in a syfup
which crystallized upon continued exposure to vacvum.) The solid was
ﬁlaced in a very small amount of warm isopropanol -- caution is required
since the solubility of the hydroxamide is very high — and more iso-
propancl was added in portions with continmuous warming. When the solid
was largely dissolved, the residues were removed by rapid filtration.

The solution, now brown in color, was cocoled quickly to prevent further
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darkening. Decolorizing charcoal was found to be relatively ineffective
in removing this color. The solubion was seeded heavily and placed in
the refrigerﬁtor. Crystallization'was;very slow, and the crystallizing
solution was allowed to remain in the cold for four days. Occasional
stirring seemed to help promote crygiallization, The crystals were
then collected on a small Hirsh filtration funnel and washed 2 times
with smpall porticns of ice-~cold isopropanol. This procedure proved

to be quite effective in removiné\traces of color from the precipitate.
6.5 Gms. of white solid was obtained, K. P, 1L3-1LLC with extensive
decomposition (1it. 1LL°), [el]ié =+ 38.7° (Lit. 38.L40(1h)), ¢ = 5%
in Hy0. No effort was made to increase the yield by reworking filtrates
although this would probably have heen effective. The necessary

recrystallization alway

s seemed to result in rather considerable losses,
yet a Better solvent was not found in snite of a fairly extensive search,
There were some indications that mixed solvents of higher alcohols

(ég. benzyl aleohcl) and toluene might prove satisfactory,

Acethydroxamide. (30) 20 Gus. of hydroxylamine hydrochloride was:

dissolved in a previcusly chilled solution of 25 gms. NaOH pellets in

100 ml. Hy0s To this solution, which was chilled in ice, was added

29 ml, of ethyl acetate in several small vortions. This solution was
allowed to come to room temperature, and concentrated aqueous CusQy, .

and NaCH were added alternately until the green Cu salt of the hydrox~
émide no longer was formed. The resulting green precipitate was washed
twice with water with centrifuging between washings, then pressed

between paper towels to remove excess water. The solid was suspended

in methanol and treated with HzS. The solids were filtered off, retreated

with Hp3 in methanol, and the resulting mixture filtered, The filtrates
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were combined and reduced to a syrup in vacuo. The resulting syrup
was further dried by dissolving it in ethyl aleohol—benzene mixture
and stripping. This syrup was extracted with three 100 ml. portions
of ethyl scetate and the extract was cooled in ice, The solid which
resulted was collected by filtration, washed with ligroin, and dried
in vacuo. It weighed 6.0 gms., and melted at 87—89°, When a concen—
trated acetone solution conbaining 5.3 gms. of this solid Was.treated
with ligroin, a precipitate was formed. This precipitate, after
twofold washing with ligroin and drying, weighed 4.6 gms. and melbted at
88-90° (1it. 90° (30)).

Glycinhydroxamide., (21) To 70 ml. of 1,11 N sodium meﬁhoxide was
added 4 gns. of hydroxylamine hydrochloride, and the resulting sait was
filtefed off. &Similerly 7.75 gms. of glycine ethyl ester hydrochloride
was added to 50 ml, of 1.11 N sodium methoxide, and the resulting salt
was removed by filtration. The resulting solutions of glycine ethyl
egter and hydroxylamine—sodium methoxide were mixed together and allowed
to stand for 3 days. Some white solid separated from the solution,
Without separating the solid, the methanol was removed in vacuo, giving
still more solid. 411 of the solid was dissolved in hot water and
allowed to crystallize., The crystals were collected, washed with cold
water, and then dessicated over (aCl., in vacuo for 4 days, The product
thus obtained weighed 2,9 gms. and decomposed at 135° with extensive
bubbling and the appearance of a white solid. Recrystallization twice
from H,0-methanol did not seem to raise the decomposition point, which
hag been reported as 140° (31) and 142-143° (32), The neutrsl equivalent,

determined in part B of this section, was found to be 91 + 2 (caleulated 20.0),



=8l

B, Titrations of acethydroxamide and glycinhydroxamide.

Titration of acethydroxamide. 0.1254 Gms. of acethydroxamide

wee placed in a beaker and titrated with 0.112N NaOH., The course of
the titration was followed with a Beckman pH meter, A plot of this
titration is given in Figure 55. The pH at the theoretical equivalence
point is 9,4, The neutral equivalent corresponding to the endpoint
estimated from the data is 77 (theoretical 75). This solution was
then back titrated with HC1l (Fig. 56). The pH at the calculated

% equivalence point was again found to be 9.l, and the neutral equivalent
corresponding to the difference in the two end points estimatéd from

the data was determined to be 73. The pKy of this acid thus appears to
be about 9.4, and the neutral equivalents obtained from the titrations
indicate satisfactory purity of the material,

Titration of glycinhydroxamide. 0.L50 Gms. of glycinhydroxamide

wag dissolved in water and quantitatively diluted to 50 mle A 10 ml.
aliquot of this was titrated with 0.100 HC1l (Fig, 57) and the resulting
solution was back titrated with 0,112N base (Fig. 58). Next a 10 ml.
aliquot was titrated with base alone (Fig. 59). The neutral equivalent
from the HC1 titration alone was found to be 93, and the pH at both the
theoretical and experimental % equivalence points was 7.h. From the
back titration with NaCH, the molecular weight was estimated to be 90.
The pH at the % equivalence point was 7., and the pH at the 1.5
equivalence point was 9.L. A neutral equivalent of 89 was obtained
from the titration with base alone, and the pH at the % equivalence.
point was found to be 9.L. Comparison of the neutral equivalent

values determined above with the theoretical value (90.1) seemed to
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indicate satisfactory purity of tﬁe glycinhydroxamide., Assuming that
a1l of the ionization at the 3 equivalence point is due to the amino
group, the PKA is found to be 7., If it is assumed that the amino
group is completely unprotonated at the 1.5 equivalence point, the PKy

of the hydroxamic acid group is 9.l.

C. The kinetic studies on the alpha-chyvmotrypsin-catalyzed hydrolysis

of L-tyrosinhydroxamide.

The L-tyrosinhydroxamide used for this experiment was the sane

i)
“

that used by Foster (13) in his work with this compound. The
reactions were all carried out in a thermostatically regulated bath
maintained at 25.0 + 0.1°%. .

An Armour preparation of bovine alpha-chymotrypsin (lot nuvmber 90402)
was employed for these experimentse. Since the molecular weight of
alpha-chymotrypsin is not accﬁrately known, and since commercial pre-
parations contain some amounts of inorganic salt, it has been customary
to express enzyme concentrations in terms of milligrams of protein
nitrogen per milliliter, the assumption being that all of such nitrogen
is associated with active enzyme. The concentration used in these ex-
periments was 0,208 milligrams of protein nitrogen pver milliliter. The
enzyme solutions were freshly prepared each day and kept cold except
when brought to 25° for use,

| Both cacodylic acid - sodium cacodylate and tris-(hydroxymethyl)-
aminomrethane-hydrochloric acid huffer systems were used to maintain
nearly constant pH in the reaction solutions, The concentration of the
organic component of the buffer was 0.10 formsl in all cases., While,

in general, the cacodylic acid system was used for the lower pH region,
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mins bufler was employed at higher pH's, both buffers were

uzed in the median pH region in ovder that any

S ZABYT

influence of the nature

n

of the buffer on the kinetic course of a reaction might be observed.
Results indicate that there is no difference between the twe buifers
insofer sz their effect on the hydrelysie recction is concerned
(Fig. 2132).

The enalytical method which ves used to follow the reaction wes

essentizlly the same &s that developed by previous investizators

>

bl

(12, 13, 14). The bogig of the methed ic the well known fact thet
hydroxemic acids give an intense red color with FeCly solutions. Studies
by previcus investigators have established that the coler developwent
under standardized conditions follows Beer's Lsw, Foster, who has made
fairly exhaustive studies on the use of the colorimetric technigue with
Ltyrosinhydroxamide, found that the color develcpment was very good

in methanol solutions 0.0Zf in FeClg and HCl. (The colcred complex formed

wher & hydroxamic acid is added to this solution is very stable, and

the observed extinction does not change for pericds as long as 16 hours).

Foster noted that msny added substences affected the intensity of the
color; in addition, casval observation seemed to indicate some small
variations which were dependent upon the age of the stock preparation of
FeGlB, the particular stock preparaticon used, and so forth. These

minor variaztions were seldom grester than 5%. Furthermore, Beert's law
was always obeyed. It wes observed thet both cacodylic acid and water
caused diminished color intensities, but did not affect Beer's Law
behavicr,

in actval kinetic experiment might be described as follows: TFirst,

the correct amount of substrale is either weighed into & 10 miliiliter



8-

volumetric flask or added in the form of a measured volume of a

freshly prepared stock solution. Next, the appropriate buffer is
prepared by mixing a 1f solution of free amine with a 1f solution of
its salt in proportions designed to give about the desired pH (cacodylic
acid buffers are similarly prepared), and 1 ml. of the mixed buffer is
added to the flask containing the substrate. Water is then added until
the volume is abeout 8.5 milliliters, and the substrate is dissolved,
With high substrate concentrations, heating and agitating the flask

may be necessary to effect solution. This does not cause any hydrolysis
of the svbstrate, since the zero time extinction value may be observed
to fall on the Beer's Law curve constructed from observations on un-
heated_solutions. This solution is placed in the thermostatically
controlled bath. A stock solution of the engyme is also placed in the
bath together with a dropper bottle of distilled water, which is to be
used for diluting the reaction mixture to volume. A number of volu-
metric flasks are partially filled with methanol and the appropriate
amount of a stock solution to give a solution 0,02f in FeClg and 0.02f
in HC1 upon dilution. The range of intensities of color resulting from
the Yarious substrate concentraticns employed in these expériments is
too large to allow the same dilution for color developrent to he used
for all experiments, hence either the size of the flasks used for the
development of the color or the size of the aliquot may vary from
eﬁperiment to experiment, In order to prepare an appropriate blank

for use in making the colorimetric determinations, 1 milliliter of the
buffer mixture prepared above and 1 milliliter of the enzyme solution
are placed in a 10 milliliter volumetric flask and diluted‘to volume

with water. An approprizte aliquot of this soluticn is placed in one
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of the flasks containing the methaonol - FeClz - HC1l solution, and this
is diluted te volume with methanol to give the solution to be used as

a blank. (Sometimes the enzyme may be omitted from the blank, as it

has no effect on the extinction of either the blank or the ferric
hydroxamate solutions,) The blank is placed in a Beckran Model B
spectrophotometer, and its transmission is determined against an air
path; this is done routinely so that any errors in the preparation of
the blank or other solutions can be detected immediately. At zero tire,
one milliliter of the stock solution of the enzvme is placed in the
reaction flask, which is immediately diluted to volume and mived thor-
oughly by inverting repeatedly. Aliquots of the reaction mixture are
then withdrawn at various times and nlaced in the flasks containiné the
FeCls etc., which are immediately diluted to volume with methanol and
mixeds These colored solutions are placed in a cell with a 1 cm. light
path, and their extinctions are determined in the spectrophotoneter

at a wave length of 505 millimicrons (13). At the conclusion of the
run, the remaining reaction mixture is placed in a Beckman »H rmeter and
the final pH is determined., The meter is carefully adjusted beforehand
and standardized at 25° with a buffer solution of a known pH. The
error in determining the pH is probably about 0,02 - 0,03 pH unitse. In
the case of some few runs, a sample of the reaction mixture is with-
drawn near the start of the run, and its pH is determined; by this means
an idea of the change in pH during the course of the reaction may be
obtained. This rough estimate of the change of pH per unit of substrate
hydrolyzed can be applied to other runs where only the final pH has
been determined, and the median pH, which is used in caleulation, can

then be estimated with sufficient accuracy. Plots of the change in p¥
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per 1072 i of substrate hydrolyzed vs. pH have heen made for cacodylic

acid and tris-{hydroxymethyl)-aminomethane buffers and are shomn in

Figure €0, (it might be noted that an accuracy of + 30% is adequate.)
The data which have been obtained from experiments with L-

tyrosinhydroxamide are presented in Table XLIX.

D. The kinetic studies on the alpha-—climotrypsin-catalyzed hydrolysis

of acetyl-L-tyrosinhydroxamide.

The acetyl-L-tyrosinhydroxamide used for these experiments was
obtained from several sources (cf., part A this section), but was
always checked for purity uvsing both specific rotation and the com-
parison of the extinction value cbtained in the colorimetric test {as
described below) with that of an authentic samples The reactions were
all carried out in a thermostatically controlled bath at 259, .

An Armour preparation of alpha-chymotrypsin (lot 10705) was used
for all experiments, and the same precautions were observed for the
enzyme stock solutions used in these experiments as for the solutions
employed for the kinetic studies on L~tyrosinhydroxamide, The enzyme
concentration used for all of these experiments was 0,0LO mg. protein
nitrogen per milliliter.

The following table indicates the buffers used for these experi-
ments,

A B Concentrationn
A (formal)

Tris-(hydroxymethyl)=-aminomethane HC1 0.3
Cacodylic acid Na.QH 0.3
Phosphoric acid KOH 0.3
Ethylenediamine HC1 0e3
Hydroxylamine HC1 03

Tris=(hydroxymethyl)-aminomethane and cacodylic acid vuffer systems
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wére used for the most part, Resulis appear to indicate that, of the
buffers listed above, only hydroxylamine-hydrochloric acid buffer
seems to influence the kinetic couvrse of the reaction.

The analytical method, essentially that used by Hogness for this
substrate (1L), has been described in sufficient detail in part C of
this section. The wave length of light employed for these studies was
515 millimicrons. Beer's law behavior was observed regardless of the
buffer system employed. It may be noted that the solubility of acetyl-
L~tyrosinhydroxamide in water is such that heat was never required to
effect solution. Also, the ferric chloride stock solution ermloyed
for many of these experiments was O0.5f in HCl. This was particularly
necessary for those experiments which were performed at high pH's.

This increase in the amount of HCL did not seem to cause any appreciable
change in the observed extinction values. A special reagent was re-
auired for use with the phosphate buffer, and was prepared as follows:
54 gms. FeCl,*6H,0 was: dissolved in water and 200 ml. of concentrated
hydrochloric acid wgz added, This solution was diluted to:SOO mle
with water, and then to 1 liter with methanol., This stock solution

was employed at 2 1:10 dilution for the color reaction., Sore fading

of the color was noted with time; however, the extent of this fading
probably was not sufficient to cause errors large enough to affect the
experimental results.

For low pH's, the starting pll for each run was found to be the
sare as that for the buffer alone, Mowever, when the pH of the
reaction mixture was larger than about 8.0, the effect of ionization of
the hydroxamic acid grouping became noticeable., It was found possible

to estimate the starting nH!'s of these runs if acid constants of
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1 x 1072 for the hydroxamic acid and 7 x 1079

for tris=(hydroxymethyl )=
aminomethane-hydrochloride were assumed. The results of calculations
based on these assumed constants were verified by experiment. An
example of such an experiment is given in Table L.

When charged inhibitors were added to the solution, the pH was
adjusted to the desired pH by placing a solution of subgtrate, inhibitor,
and the correct amount of the unionized gspecies of buffer in a Beckman
pH meter and adding NaOH or HCl until the desired pH was reached. The
8 ml. of solution resulting from this operation was then transferred
quantitatively to a 10 ml, volumetric flask; extinction values indicated
that this operation was conducted without mishap, It was assumed that
dilution from 8 to 10 ml, would not significantly affect the pH, and
this is borne out by observatisn of the final pH of runs at low csubstrate
concentration where the change in pH resulting from hydrolysis is
negligible,

The runs made with acetyl=Irtyrosinhydroxamide are presented

in Table LI.
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SYMBOLS AND CONVENTIONS

In writing protonated forms of enzyme—substrate or enzyme inhibitor
complexes, the protons are placed adjacent to the member of the complex
which possésses the ionizing group. Thus H ESH indicates a complex in
which two protons are combined with basic groups on the ensyme, ané one
proton is combined with a basic group on the substrate, Since the exact
charge state of the enzyme is uncertain, charges are indicated only for
substrate or inhibitor molecules, For example

H,ESH=——>H,ES" + H'
would be used to indicate the loss of a proton from a carboxyl group of
the substrate portion of the complex, Protonated and charged forms of
free inhibitor or substrate molscules are similarly indicated. E, HE,
H.E refer to various kinetically important protonated states of the free
enzyme molecule.

Symbols ﬁsed in the text are éummarized below.

[} Brackets are used to denote concentration.
E Enzyme molecule,

{E], Total enmyme concentration [free and combined] in a reaction system.

£y, . Correction factor for first order plots of kinetic data [equation 7,
pe 37].

£ Correction factor for zero order plots of kinetic data [equation 8,
pe 57].

h Hydrogen ion concentration or percent hydrolysis.

he Tis optimin hydrogen ion concentration for a particulsr enzyme-

substrate systenm.
I Inhibitor molsculs.
k, Reaction rate constant [p. 50 — 51],
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Xy Reaction rate constant [p., 50 — 51].

k. Reaction rate constant tp. 50 - 51].

ks! Reaction rate constant tp. 58].

K Acid constant of substré,te moleculs [equation 29, p. 58],

Ko! Acid constant of substrate molecule [equation 56, p, 64},

Kott Acid constant of substrate molecule [equation 57, p. 64].

K, ! Acid constant of substrate when combined with ensyme
[eque.tionvsa_,, pe 64].

K,! Acid constant of subsirate when combined with enszyme

[equation 59, p. 64].

Ka Acid ‘constant of free ensyme [eguation 16, p, 55].
Ky Acid constant of free ensyme [equation 17, p. 56].
Ke Acid constant of enzyme when combined with substrate

[eguation 18, p. 56],

K.! . Acid constant of ensyme when combined with substrate
[equation 55, p, 64].

K3 Acid constant of ensyme when combined with substrate
fequation 19, p. 56].

Ke Acid constant of enzyme when combined with inhibitor
 [equation 73, p. 69].

Kf Acid constant of enzyme when combined with inhibitor
[equation 74, p. 69].

RKygr  Dissociation constant of enzyme—inhibitor complex [equation 76 s Pe 69].

KH?_EI Dissociation constant of enzyme—inhibitor complex
[equation 80, p., 71].

Ky Observed dissociation constant for an enzyme—inhibitor complaex
[equation 4, p, 36].
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Ign Dissociation constant for an ensyme—substrate complex

[equation 20, p. 56; equation 53, p, 64; equation 75, p. 69].

Kp Dissociation constant for an ensyme—split product complex
[equation §, p. 37].

Kg Observed jiichaelis — Menten constant.

P Inhibiting split product molecule,

T Ratio between rate constants of two competing reactions
{equation 81, p. 65]. |

S Substrate molecule,

[s] Initial substrate concentration for a kinetic experiment,
[S]t Substrate concentration in a kinetic experiment after'elapsed

time t.
t ~ Time.,
v Velocity of reaction.
vy,  Initial velocity of reaction.

The limiting maximum velocity for a given enzyme cenceﬁtration.
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Figure 9. Plot of (1/60)ln[8]0/{5}t vs. pH for substrate
concentrations of 2.00, 3.00, and 5.00 x 10 ° M.
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"~ Figure 10. Plot of (l/GO)In{S]O/{S]i vs. pH for substrate
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Walker Schmidt plot of data extrapolated to pH 6.0.

Heavy line is best estimate of the straight line through
the points., Arrows indicate the average deviation in the
value of (1/80)In{S] /[S]; where this could be determined.

The dotted lines indgcate reasonable limits of error in
the data. ) :

(1/60)1n[s] /(s]y x 10°  [Min,7']
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Figure 15. Welker=Schmlidt plot of datz extrapolated to pH 6.85.
Heavy line is best estimate of the straeight line through
the points. Arrows 1ndicate the average deviation in the

value of (1/60)lnl8] / where this could be determined.
The dotted lines indicate reagoneble limits of error in
the datsa.
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Figure 18, Walker-Schmidt plot of data extrapolated to pH 6.50.
Heavy line 13 best estimate of the straight line through
the points, Arrows indicate the average deviation in the
value of (1/60)1n[3],/[S]y where this could be determined.
The dotted lines indicate reasonable limits of error in
the data.
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Figure 17. Walker=Schmidt plot of data extrapolated to pH 7.00.
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the data.
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Figure 18, Walker-Schmidt plot of data extrapolated to pH 7.55. Heavy
line is best estimate of the straight line through the
points. Arrows indicate the average deviation in the value
of (1/60)1n[8]0/[s] where this could be determined. The
dotted lines indicatée reasonable limits of error in the data.
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Figure 19, Walker-Schmidt plot of data extrapolated to pH 7.75.
Heavy line is best estimate of the straight line through
the points. Arrows indicate the average deviation in the
‘value of (1/60)n[S] /[S], where this could be determined.
The dotted lines indlicate reasonable limits of error in
the data.
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Walker-Schmidt plot of data extrapclated to pH 7.95. Heavy
1ine is best estimate of the straight line through the
points. Arrows indlcate the average deviation in the value
of (1/80)1n[S],/[8]; where this could be determined. The
dotted lines indicate reagsonable limits of error in the data.
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Figure 21. Plot of K, vaines obtained for L-tyrosinhyiroxamide
vs. pH., The arrows indicete the estimated crrors in
. the individual pointis.
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Figure 22. Plot of Vpax for L=tyrosinhydroxamide vs. pH. Fnzyme
concentration = 0.208 mg. protein nitrogen per milliliter.
The arrows indicate the estimated errors of the individual

points.
A
0.8
O|7 i""
t
© y
5 A
0.6 — v
! -
@
0.4 —
0.3 3\) I |
8 7 8



Figure 23,

2-4 =
o ?
L
2.5 )——
L
2'2 -

L
"
M
2.1 b *

l°g Ksﬁm
&
o
|

..103..

obtained from runs with low initial substrate
concentration.

Plot of log Kg/Vp,yx for L~tyrosinhydroxamide ve. pH.
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Figure 24. Results of runs made at pH 6,20, Cacodylic acid=
NaOH buffer.
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Fig!lre 25.
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Lineweaver-Burk plot showing the action of various
inhibitors on the alpha-chymotrypsin-catalyzed hydrolysis
of acetyl-L-tyrosinhydroxamide at pH 6,20, Cacodylic
acid-NadH wuffer.

Acetyl L tyrosinami-e. 30 x 10=° M.

Acetyl L tyrosine 45 x 1072 M.
Acetyl D tryptophanamide £.46 x 107° M,

Lowest line = substrate alone.

1/[8], x 10*  [M-1]



Figure 26. Results of runs mede at pH 6,60, Cacodylic acid-
"a0H buffer.
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Figure 27. Results of runs made et pH 6.95, Cacodylic acid=NazQH
- buffer.
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Figure 28. Results of runs mede at -H 7,17, Pheephoric
ecld ~KO0H buffer.
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Figure 29. PResults of runs made at pH 7.2. Tris-(hydroxymethyl)-
aminomethane~HCl buffer.
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Pizure 30, Results of runs made at pH 7.15, Hydroxylaninee
HCl buffer.,
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Figure 31.
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Figure 32. Results of runs at pH 7.80.

Tris-(hydroxymethyl)-
aminomethane-HCl buffer.
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Results of runs made in the presence of 0.04 M

CaClp at pH 7.60. Tris-(hydroxymetlhyl)=-aminomethane-
HCYL buffer.
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Figure 34, Results of runs made &t pH 7.60 in the presence of
: 55.4 x 10™® M L tyrosinamide. Tris-(hydroxymethyl)-
aminomethane~HC1l tuffer.
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Figure 35. Results of runs made at pH 7.70, Tris-(hydroxymethyl )-
aminomethane~HCl buffer.
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Figure 36. Runs made at pH 7.88. Tris—-(hydroxymethyl )-eminomethane~
HC1l buffer.
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Figure 37. Inhibition of the alpha chymotrypsin catalyzed hydrolysis
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[I]Kgvo/(K. + [S],) x 10°

of acetyl-L-tyrosinhydroxamide by varying amcunts of
acetyl-L-tyrosinamide. [S], =16 x 10 ® M. Tris-
(hydroxymethyl )=eminomethane~HC1 buffer.
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Figure 38. Results of runs made in the vicinity of pH 8.20, and
extrapolated to pH 8.70. Tris-(hydroxymethyl )-amino
methane~HC1 buffer.
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Filgure 39a. Results of uninhibited runs made in the vicinity of pH

8,60, Runs 30 38 only. Tris-(hydroxymethyl )-aminomethane-
HC1 buffer.
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Figure 3%9b. Results of uninhibited runs made in the vicinity of pH
8.80., Runs 88, 91, 96b, 99a, 115, and 117, Trise
(hydroxymethyls-aminomethane-HCl buffer,
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Figure 39c. Results of runs made in the vicinity of pH 8.60; all of the
runs made in this vicinity are included. The figures in=
dicate the number of individuel runs represented by the

. adjacent points. The size of the diamond indicates the
average deviation of the points where this could be deter=-
mined. The solid line best represents the points; the dotted
lines show possible extremes of error. Tris-(hydroxymethyl)-
aminomethane=HC1 buffer. .
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Figure 40. K, vs. pH. Acetyl-L~tyrosinhydroxanide.
Dotted envelope indicutes epyroximately the
maximum error in the 30l1lid curve.

1
9.0
pH
Buffer systems,
(O cacodylic acid-NeOH A Hydroxylamine—HC1
QO Tris-[hydroxymethyl}-eminomethane~BCl O Ethylenediamine—HCl
{J pPhosphoric acid-KOH X Results obtained by other

investigators.



~122-

Figure 41, Vygy vs. pH. Acetyl L-tyrosinhydroxamide,
Dotted envelope indicates approximately the
maximun error in the solid curve. [E]j =
0.040 mg. protein nitrogen per ml.

pH
Puffer systems

O Cacodylic acid — NaOH A Hydroxylamine — HCl
(O Tris~[hydroxymethyll—aminomethane~-HC1 /) Ethylenediamine—HCl

(3 Phosphorie acid—KOH X Results obtained by other
investigators.
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Figure 42. Plot of X /V .y vs. pH for ecetyl-L-tyrosinhydroxemide,
* = estimsted from runs made with low initisl substrate
concentrations,

X = estimated from values of the individual constants
obtained at the indicated pH,

values of other investigators.

© = duplicate observations at low initlel substrate
concentrations,

pii
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The effect of p¥ on the inhibition constant of
acetyl-L=tyrosine.
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‘Figure 44, The variation in the inhibition constant of L yrosinamide
with pH.
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Figure 45. The determination of the value of XKg,

(*)= present experiments.

X = determined by previous investigators.

l | | ! t & L l
0 50 100 150 200 250 3OO 350 400

0.5

Wpayx X 10722 [M®/min.]



Figure 46, Representation of the behaviar of Vpgy by the relationship
derived in the text, and the constant evaluated in Fig. 45. -

X = values obtained Yy previous investigators.
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Figure 48,

Fitting of curve to the experimental data for KS/Vmax~

2 .4""_

2.3~

2. 4—

1.7
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1.4+ | | |
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Figure 49.
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Figure 50. Behavior of K,/Vmax for L~tyrosinhydroxamide with
cihanging pH.

+ = from low substrate concemtrations.

2.8 — X = from ratio of constants determined from
Walker-schmidt plots.

2.4

ReB

2.2

2.17

108 Ko/Vipax

1.9
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Figure 51. Determination of some constants appearing in equations which
relate Vpay for L~tyrosinhydro de to hydrogen ion concen-
tration.

‘ @ = points from acid side of optimum.

X = points from alkeline side of optimum.

(hy/h + b/h,)
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Figure 55. Fltting of curve to experimental values for Kg.
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Figure 54, Determination of K, from the behavior of the inhibition
constant of acetyl-f;tyrosine with changing pH.
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Titration of acethydroxamide with base,
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Figure 56. Back titration with 0.100N HCl of solution of
acethydroxamide pravicusly titrated with NaOH,

o~
K saloulated E.P,=1.7 ml.
13 ' <—Estimated E.P.=1.8 ml.

10— -, fhﬂﬂﬁ%ewhﬂmt

BL «—Caloulated F,P,
«— 19,0 ml,

Estimated E,P,

L 19.1 ml,

4

o E

z}-— P
i L | | | | | | | 1 | L

5 2 i 6 8 10 1z 14 18 18 20 =22 =24

¥, 0,100 N HCL
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Figure 57. Titration of glycinhydroxamide with 0.100N HCl,
9—
y
i *
B f— .
* L]
7‘—" *
[ .3 - ’a
%5_—
Estimated —>
E.P. 9.65 ml.
4 feuen
B Theoret, —
5 E.P, 10.0 ml.
0 S N NN NN HNU NS AU SO R
0 1 2 3 4 5 € 7 8 9 10 11

Ml. O.100N HCl
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Figure 58, Back tltration with 0,112N base of HC1 titration of

glycinhydroxamide.
12
[
‘1npk A
, r— Est. E. P,
! .' 18v7 mlv
10k 13 equivalenl e
v’
o l— 1 equiva].;nt !
o % equivalent oo ’
R
: Est. N, E. = 90
8.
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A and broken line = tris-(hydroxymethyl )-aminomethane-HC1l buffer,
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TABLE VIII

Results of Kinetic Studies on the Alpha-chymotrypsin=-

catalyzed Hydrolysis of L-tyrosinhydroxamide

[S]o = initial substrate concentration.

fS]; = substrate concentration after 60 min. elapsed time.

Fxpt. No. [s], x 10® (1/60) Median pH
(1] 1nfs] /18],
x 10°
[#in, 1]
2 2.00 7e3k 6.06
8 3.00 7.3L 6,02
9 3,00 7.00 6406
37 (a) 3.00 3.93 (2) 562
38 (a) 3,00 4425 () 5.73
39 3400 5.30 5.91
Lo 3,00 8423 6,18
11 3.00 13.h 6eLi7
L2 3.00 1448 6.63
L5 3.00 18,2 7,07
L7 3.00 11.8 7460
L8 3,00 9.73 7.80
L9 3,00 11,2 6436
5o 3,00 13.0 6.50
59 3,00 17.9 6.90
60 3.00 17.7 7.00
63 3.00 17.5 7406
67 3.00 17.5 7403
78 3.00 1h.3 6.53
89 3.00 7.38 7.97
100 3.00 Teli6 7.98
101 3,00 7.72 7.98
105 3,00 7.58 - 8,00
© 110 3.00 12.4 Te56
111 3,00 2.4 7456
112 3,00 12,6 7,57
11k 3,00 12.6 756
6 .89 7679 6406
3 5.00 6.93 6.03
L 5.00 6,86 6,03
5 5.00 6,62 6,00
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Expt. No. [8] x 103 1/60) Median pH
°rm] Juaék'%]v/{sl,G
x 10°%
[Mine-l]

07 5.00 Teli7 8,01
120 5.00 12,5 Te5L
121 5.00 12,4 Te53
123 5.00 12,5 Te5h
12L 5.00 12,6 7.51
1 10,0 6458 6.03

7 10,0 7430 6.10
22 10,0° 3.21 5.76
23 10,0 3.90 5.87
2L 10,0 5.29 6.00
25 10,0 8,08 6,28
26 10,0 11.3 6455
27 10,0 13.4 6.72
28 10.0 15,1 6.9
29 10,0 1h.h 6.8l
30 10.0 12.6 7oLk
31 10.0 11.9 7451
32 10,0 14,2 7.2L
33 10.0 1L.5 7419
34 10,0 5.90 8.08
57 10.0 15.L 6.96
58 10.0 15.4 7.10
62 10,0 15.8 7,02
65 10,0 15,6 7.0L
71 10.0 15.5 7.0L
7% 10.0 5.57 5498
79 10.0 11,5 6451
86 10,0 15.6 7012
91 - 10,0 Te27 7.96
95 10.0 5e39 - 5.99
96 10.0 730 Te91
102 10.0 7.06 7098
106 10.0 7422 7499
113 10,0 11.7 7.58
118 10,0 11.6 7457
122 10.0 11.9 7.56
127 10,0 11,7 7453
11 20,0 7050 6625
68 20.0 13,9 7,07
72 20.0 5.15 5.99
77 2040 10.5 6,51
8l 20,0 1h.1 7.05
90 20.0 6465 7.95
99 20.0 6.7h 790
0L 20,0 666l 7.98
109 20,0 6453 7.99
115 20.0 10.3 7458
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Expt. Wo. [s]. x 10° 1/60) Median pH
°[u] BEW N
x 10°
{Min, ]
116 20,0 10,2 Te56
117 20,0 10.1 7460
119 20.0 10.L 759
21 30,0 11.9 7.05
66 30,0 11.9 7.05
76 30.0 4,55 6.01
80 30,0 0.23 6.5
83 30,0 12,0 7.03
88 30.0 5.98 793
103 30,0 6.16 7499
108 30.0 5.75 7.98
125 30.0 8.98 754
126 30.0 9.01 7+56
128 30,0 8475 75l
129 30.0 9.13 T+55
10 L0,0 Te32 6,39
12 40,0 5439 6.19
13 1,0.0 3.08 5.88
1 0.0 bali7 6,07
1z 10,0 8,59 6,57
16 1,0.0 9.76 6473
17 - 40,0 1067 7.10
61 40,0 10,3 7,05
&l 40.0 10.9 6,97
75 0.0 3.85 6,01
81 40.0 8437 6,55
82 0.0 16,5

7010

(a) very inaccurate values,
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TABIE IX

Values Chtained at pH 6.0 by Extrapolation of Runs Made Below pH 6,25

Expt. [S]o x 10° Extrapolated Deviation 1/60)
No. [m] (1/60) (tsl, - [sly)
Inis],/[8]y % 10°
x 103[#in, 7] [M/min. ]
2 2,00 6.5 1,08
8 3,00 7407 065 |
9 3,00 6.18 0.2
39 3,00 6.51 0,09
L0 3.00 5.81 0,61
73 3.00 6450 0.08 _
Average 6.2+ 0,3k 1,60
3 5,00 6.53 0,12
l 5e0C 5,16 0619
5 500 6462 0,03
6 L.89 6499 0.3l
Average 6.65 + 017 2.73
1 10,0 6425 0.51
7 10,0 6.21 0.L7
22 10,0 5.83 0.09
23 10,0 5.87 0uli2
o 10,0 5.79 0.05
95 10.0 5.50 D424
Average S.Th + 0.32 .85
11 20.0 L1087 0.16
72 20.0 5.26 0.23
Average 5.03 + 0,20 8670
76 30,0 L.L6 11,68
1 10,0 3.78 0.10
13 L0.0 L.10 0,12
1 L0,0 3.87 0,01
75 10,0 3.76 0.12

Average 3.88 0.09 11,00

14
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TABIE X
Values Obtained at pH 6.25 by Extrapolation of Runs Made

Between pH 6.0 and 6.5

Expt. [s]. x 10® Extrapolated  Deviation (1/60)
Yo. ° ] (1/60) ([sly = [51})
1n[s],/ LS]E % 10°
x 103[Min.”"] [M/min, ]
2 2.00 9.88 " L.h9
8 3,00 10,142 061
9 3,00 9el13 0438
Lo 3,00 9.17 0.64
L1 3,00 10,15 0.64
Lo 3,00 9673 0.08
50 3,00 9.65 0,16
Average 9,81 + Ooh2 2422
l 5.00 9.81 0.19
5 5.00 9497 0403
6 5,00 10433 0033
Average 10,00 X 0el7 377
1 10,0 8,98 0,50
7 10,0 8494 ONITS)
2l 10,0 8.02 0.L6
25 10.0 7675 0.73
79 10,0 8.73 0.25
Average 8.8 + 0,48 6,65
11 20.0 7.50 12,09
76 30,0 6.81 16,69
10 0.0 6,22 0622
12 L0.0 5.90 0.10
1L L0.0 6.00 0,00
75 0.0 5.89 0,11
Average 6400 + .11 20.20
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TABLE XI
Values Obtained at pH 6.50 by Extrapolation of Runs Made

Between pH 6.0 and 6,5

Expt. (5], x 10° Extrapolated Deviation ) (1/60)
No. (] (1/60) (sl = [8ly)
In[S],/ [SL&1 x 10°
x 10%[Min. *] [M/min,

L1 3.00 13.8 Oeh
L2 3.00 13.L 0.0
L9 3.00 13.1 043
50 3.00 13.0 0.4
78 3,00 13.9 0e5

Average 13.L + 0.3 2,76
25 10.0 10.5 Ouly
26 10.0 10,7 0.2
7 10,0 11.5 046

Average 10.9 + 0.l 8.00
11 20,0 10,1 0.2
17 20.0 10.4 C.1

Average 10,3  + o2 1543
80 3040 9.0 2048
10 L0.0 8.3 0.1
15’ ).I0.0 800 002
16 L0.0 8.0 0.2
81 ho.o 8.-1- O.l

Average Be2 *+ 0.1 25.6
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TABLE XiI

Values Obtained at pH 7.00 by Extrapolation of Runs Made

L5
59
60

67

68
8l

21
66

83

17
61
6l
82

Between pH 6,75 and 7.25

3400
3.00
3.00
3400
3.00

Average

10.0
10.0
10.0
10.0
10,0
10,0
10.0
10.0
10.0
10.0

Average
2040
20.0

Average
30.0
30.0
30.0

Average
L0.0
L0.0

10,0
L0.0

Average

Extrapolated
(1/60)
n[s],/[sly

x 103[Min, ]

18.2
179
17.7
17.5
17.5

17.8

15.h
15.3
15.3
15.2
15.L
15.4
15.8
15.6
15.5
15.6

15,5
13.9
.1
14.0
11.9

1.9
12,0

11,9
10.7
10.3
10.9
10.5

10.6

f4

I+

I+

I+

1+

Deviation

@

-]

O OO 000
. )

SOSe
N HORNWHMWNONE W Www

°

o

OO0.0000

(@)
.

O.C)O
NSRS

1/60)
([S]o - [Slt‘ )
x 105
[f/min,]

3928

10,1

19,0

25.5

31.3
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TABIE XIII
Values Obtained at pH 7.55 by Extrapolation of Runs Made

Between pH 7.25 and 7.50

Expt. [s], = 10° Extrapolated  Deviation (1/60)
No. 1] (1/60) (EIN [g]t)
1n[s]o/ 8], x 10
x 103{Min, 1] {M/min. ]
16 3,00 12.3 0.2
L7 3.00 12.1 0.1
L8 3.00 12,6 0.1
110 3.00 12.4 0.2
111 3.00 12,2 0.3
112 3,00 12,7 0.3
1 3.00 12,7 0.2
Average 1245 + 0.2 2.65
120 5.00 12.hL 0.1
121 5.00 12,3 0.0
123 5.00 12,3 0.0
12} 5.00 12,2 0.1
Average 1243 + 0.1 La35
30 10,0 11.5 0.1
31 10.0 11.5 Oel
32 10.0 11.2 Ouly
3)4. lOQO ll.)..l. Oe 2
35 10.0 1.5 0,1
113 10.0 12,0 Ouly
118 10.0 11,9 0.3
122 10.0 12,0 0oLy
127 10.0 11.5 0.1
Average 11.6 + 0.3 8433
115 20.0 10.6 0.0
116 2040 10.3 043
117 20,0 10.6 0.0
119 20,0 10.8 0.2
Average 10.6 + 0.1 15.6
20 3040 9.1 0.1
125 3060 8.9 0.1
126 30,0 9.1 0.1
128 30.0 8.7 0.3
129 30.0 9.1 0.1
Average 9.0 * 042 2048
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TABLE XIV
Values Obtained at pH 7.75 by Extrapolation of Runs Made

Between pH 7.50 and 8,00

Expt . [s], x 10° Extrapolated  Deviation (1/60)
No. (] (1/60) ([sl, = [sly)
Infs]. /(5] x 10°
x 103[Min, 1] [#/min, ]
47 3.00 10,1 0.2
L8 3.00 10.1 042
89 3.00 10.5 0.2
100 3,00 10.1 0.2
101 3,00 10.4 0.1
105 3.00 10.5 0.2
110 3,00 10,2 0.1
111 3400 9.9 0.4
112 3,00 10.5 0.2
11h 3,00 10,1y 0.1 .
Average 10.3 + 0.3 2430
107 5.00 10.5 0.l
120 5.00 10,1 0.0
121 5.00 9,9 0.2
123 - 5.00 10,0 0.1
12), 5.00 9.8 0.3
Average 10.1 + 0a2 3.80
31 10,0 8.5 0.9
3L 10.0 9.l 0.0
35 10.0 8e5 0.9
91 10,0 9.l 060
96 10,0 849 0.5
102 10.0 9.k 040
106 10.0 9.6 042
113 10,0 10,0 0.6
118 10,0 9.8 0.4
122 10,0 10.0 0.6
127 10.0 945 0.1
Average 9.4 * Ooly 7.20
90 20,0 845 0.1
99 20,0 8.1 0e5
10L 20,0 848 0.2
109 20.0 8.8 0.2
115 20,0 8.6 0.0
116 20.0 8e3 0e3
117 20,0 8e6 0.0
119 20.0 8.8 0.2
Average 8.6 + 0.2 13.50
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Expb. [s], x 30° Extrapolated  Deviation (1/80)

No., "] (1/60) ([slo = [Sly)
ln[S]o/{S]tl x 10°
x 10%[Min. 1] [M/min, ]

20 . 30.0 7.6 c.l

88 30,0 Tolt 0.1

98 30,0 T.1 O

103 30,0 8e1 0.6

108 30.0 Teb Cel

125 30,0 Te3 0.2

126 30,0 7.5 0.0

128 30.0 7.1 0ol

129 30,0 7.5 C.0

Lverage 7.5 + 062 18,2
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TABLE XV
Values Obtained at pH 7.95 by Extrapolation of Runs

Greater Than pH 7.80

Expt. [s] =x10° Extrapolated Deviation (1460 )
No. Orui (1/60) ([sl, = [81)
ln[S]o/[S]t bd 105
x 103[Min. "] [li/min. ]
148 3.00 3.0 Oul
8¢9 3.00 746 0.3
100 300 7.8 Ol
101 3,00 8ol 0?2
105 3.00 8.2 0.3
Average 7e9 + 0.2 _1.90
107 5,00 3,1 3420
35 10.0 7e5 0.2
36 10,0 742 0.1
91 10.0 Tl 0,1
96 10.0 6,9 0.1t
102 10,0 7ot 0,1
106 10,0 75 0.3
' Averans 7.3 + 0.2 5,91
90 20.0 6e7 0.0
99 20.0 6,3 Oy
1.0l 20.0 H+9 0,2
109 20,0 5.9 0.2
Lveraze 9.7 + 0,2 1.0
88 30.0 5.8 ng
98 30.0 5.5 0.5
103 30.0 6.5 0.5
108 3060 6.0 0.0
Average 640 + 0.3 15,0
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TABIE XVI
Kes me’ and k3 as Functions of pH
pH K x 10° Viax x 10° kg x 103
. Omin.] [y protetn

6.00 L7 + 6 0,32 + 0,0k 15l + 0,16
6.25 L+ 7 0.L46 + 0.0L 2.21 + 0,20
6.50 50 +9 0.67 + 0,07 3422 + 0.35
7.00 Lo + 4 0.7k +0.05 3456 + 0.25
7055 58 + 8 0.75 + 0,08 3460 i 0.0
7475 60 + 8 046l + 0,07 3408 + 0,35
7.95 70 + 11 0,57 + 0,08 2474 + 0,10
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TABIE XVIiI

Calculation of Ks/vmax from Runs Made With Low Initial Substrate

t = 60 minutes,

Expt.

No.

89
100
101
105
107
110
111
112
11
120
121
123
12l

(a)

(e,

(u]

2,00
5.00
5,00
5.00
.89
3400
3,00
3.00
3.00
3,00
3.00

3.00

3.00
300
3,00
3,00
3,00
3.00
3,00
3,00
3.0C
3.00
3.00
3,00
3,00
3.00
3,00
3.00
3,00
5.00
3.00
3.00
3.00
3,00
5.00
5.00
5.00
5.00

x 103

pH

707

7.06

7.98

(a) very inaccurate.

(b) extrapolated.

Concentrations

S A ApproX. 1l -
Ins]/[6T, Vaax x 10° [S]g=[sly
[Min] [M/min, ] t Vmax
136 0.36 0.97
1" 0,133 0.91
146 0473 0.91
151 0432 0.91
128 0436 0.92
136 0.33 C.5L
13 0,36 0.95
25) 0.20 (b) 0495
236 0.23 (b) 0495
189 0429 0.95
12?2 0.146 0.96
75 0663 0,96
69 067 0496
55 0475 0496
70 0.75 0.96
93 0.71 0497
103 0.63 0.96
89 055 0.96
77 0.63 0.96
56 0.7h 0.96
57 0.7k 0,96
57 0475 0,96
57 0.7k 1 0.96
151 0.32 0,95
70 0,63 0.96
136 0.55 0.97
130 0455 0.97
132 0.54 0.97
13L 0.53 0490
81 0472 0.96
81 0,72 0.96
79 0.7 0.96
79 0472 0.96
80 0.72 0.9
81 0.72 0.9
81 0472 0.9
79 0.73 0.9k

K

Vinex
[Min]

132
131
133
137
118
128
136
22k
22l

iogu%

2,120
2,118
2.121
2.136
2,072
2,107
2.134
24350

24350

2.255
2 0068
1.858
1.820
1.72L
1.826
1,960
1,996
1.930
1. 870
1,732
1.7h0
1,7L0
24155
1.826
2,120
2,11k
2.100
2,108
24100
1.892
1.892
1.832
1,882
1.875
1.882
1,882
1.870

Kg

max
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TABLE XVIIT
The Effect of Ionic Strength and Calcium Ion on the Alpha-

chymotrypsin-catalyzed Hydrolysis of L-tyrosinhydroxamide

The ionic strength attributed to the buffer is calculated on the

basis of an acid constant of 106 for cacodylic acid.,

Expt [S] pH Added Tonic Ionic Total - 1/60 x
No. x 102 Substance Strength  Strength Tonic . 1nfs] /[S]y
[M] from from Strength % 103
Added Buffer Uﬁn' ] -
Substance ,
69 10,0 7.00  0,02f 0.06 0.09 0.15 16.)
MgCl, '
70 10.0 7.00  0,02f 0,06 0409 0.15 18,3
CaCl, ‘
71 10,0 7.00 0,09 0.09 1565
92 10.0 5,91 0.,06f 0.06 0.05 0.10 5.50
NaCl
93 10.0 5.89  0,02f 0,06 0.05 0,10 6433
CaCl2
9L 10.0 5.94 0,02f 0,06 0.05 0,10 5421
MgCl,
95 10,0 5.99 0,05 0,05 5439

MgSOh present in the enzyme solution may cause significant

increases in these values.
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TABIE XIX

Results of the Alpha-chymotrypsin-catalyzed Hydrolysis of

Acetyl-L-tyrosinhydroxamide at pH 6.2,

Fxpt.
No.

10

12
76
80
8l
o2
93b
10%
109
12

[8], x 10°

(]

15,0
5.00
70,0
30.0
)-i-o 78
70,0
39.7
40,0
)J.. 78
16,0
40.0
1,80

Buffer System.

| =
v X lOvJ
s
[#/min, ]

954

3.36
2742
16.1

3.38

28,0

19.6
19.7
";58

6L

9.
19.0
3.l2

TABIE XX

[51o/v,
{Mine ]

Cacodylic Acid

159
118
258
187
U
250
204
203
134
166
211
140

Results of the Alpha~chymotrypsin~catalyzed Hydrolysis of

Acetyl-L-tyrosinhydroxamide in the Presence of L5 x 1072 k

Expt.
No.

107
108
110
111

Acetyl-L-tyrosine at pH 6420.

Cacodylic Acid Buffer System.

(8], x 10°
(]

7048

0.0

16.0
L.80

v, X 105
[M/min. ]

11.3
Te29
3.38
1.09

1/[s],
x 10%
[u]™*

PSR
2050
6.25
20,80

1/v, x 107
[#in./M]

0.885
1.372
2.98
9.17



Expte
No.

78
79
81

82
83
85

No.

92
932

962
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TABLE XXT

Results of the Alpha-chymotrypsin~catalyzed Hydrolysis of

Acetyl-L-tyrosinhydroxamide in the Presence of 2.h6 x 1072 M

Acetyl-D-tryptophanamide at pH 6.20.

[s8]. x 10%
O[H}

L.78
15,94
66.1
39,6
70.0

Le81

Cacodylic Acid Buffer System.

5
v, x 10 1/[sl,

[#f/min, ] x 10%
[Ml—l

1.59 20.9
5,02 6426
Lol 11,51
0.0 2,52
543 1.h3
1.52 20.8

TABLE XXII

/v, x 1074

- [Min./u}

6.30
1.99
0,70
1,00
0.65
6,58

Results of the Alpha-chymotrypsin~catalyzed Hydrolysis of

Acetyl-L-tyrosinhydroxamide in the Presence of 30 x 10~° u

Acetyl-L-tyrosinamide at pH 6,20,

Cacodylic Acid Buffer System.

1 3
o™

5 Lo

v, x 10 1/ps1

(M/min, ] x 107

(M}t

20,2 1.43

lhoh 2-50
2437 2049
7.0L 6e3

v x 104

[Min./u]
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TABLE XXIII

Results of the Alpha=-chymotrypsin-catalyzed Hydrolysis of

Acetyl-L-tyrosinhydroxamide at pH 6.60.

Cacodylic Acid Buffer System,

is], x 10°
(]

70,0
40,0
)-l.. 80
1.0
4,80
L.80
70,1
70.1

vy X 105
[M/min.]

L6

36,7
6.7h

1945
6.70

TABIE XXIV

(51,/v,
[Min, ]

150

109
714
82
1.7
7243

0

2

Results of Alpha-chymotrypsin-catalyzed Hydrolysis of

Expt.
No.

Acetyl-L-tyrosinhydroxamide at pH 6,95,

Cacodylic Acid Buffer System.,

[s], = 10°

(4]

70,4

39.8
11078

15.95

Vo X 105
[M/min, ]

[S]é/vo
[Min & ]

111
81.6
L7.8
5746



TABLE XXV
Results of the Alpha-~chymotrypsin-catalyzed Hydrolysis of
Acetyl-L-tyrosinhydroxamide at pH 7.12.

Phosphate Buffer System,

Fxpt. [s], = 10° v, x 10° [s1/%0
No. [u] [M/min. ] [Min.]
66 15,95 31.8 50
67 4.78 11.9 L0
68 69.8 68,6 102
59 39.9 61,1 65

TABIE XXVI

Results of the Alpha=chymotrypsin-catalyzed Hydrolysis of
Acetyl-L-tyrosinhydroxamide at pH 7.20.

Tris-(hydroxymethyl)-aminomethane~hydrochloric Acid Buffer System .

Exp‘bs. {S]O X 103 Vo X 105 [S]o/vo
No. [H] (M/min, ] (Min, ]
58 39.8 6642 60.1
59 70,0 7942 88.L4
60 Le78 1.0 34,1



Results of the Alpha-chymotrypsin-catalyzed Hydrolysis of

Expb.
No.

62

6ly
65

‘Results of the Alvpha-~chymotrypsin-catalyzed Hydrolysis of

Expt.
No.

70
71
72
73
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TABLE XXVII

Acetyl-L-tyrosinhydroxamide at pH 7.15.

Hydroxylamine-hydrochloric Acid Buffer System.

[s]. x 10®
]

16.0
L.80

L0,0

7042

Vg X 10°

[M/min.]

9

Oe
367
6

NULE Y
=-~J oo

TABIE XXVIII

[8lo/vo

[¥in.]

5346

Lh.2

7he5
106

Acetyl-L-tyrosinhydroxamide at pH 7.30.

[s], x 10°

[M]

15,92
14-077
39

70.0

vV, X 105
[#/min, ]

22.6
13.4
65.0
78.L

Ethylenediamine~hydrochioric Acid Buffer System.

[81/%o
[Min.]
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TABIE XXIX
Results of the Alpha-chymotrypsin-catalyzed Hydrolysis of
Acetyl-L-tyrosinhydroxamide at pH 7.60

Tris-(hydroxymethyl)=-aminomethane~hydrochloric Acid Buffer System,

Expt. [5], x 10° v, x 10° EIA
No. [M] [M/min.] {Min.]
5 7040 8643 81.0

6 3.00 877 3h.2

7 10.0 25,2 39,6

8 30.0 5.5 54eC
92 50.0 7240 6905
39 10.0 2he3 Li.1

TABIE XXX

"Results of the Alpha—-chymotrypsin-catalyzed Hydrolysis of
Acetyl-L-tyrosinhydroxamide in the
Presence of 0,0l M Calcium Ion at pH T.60.

Tris—-( hydroxymethyl )-aminomethane-hydrochloric Acid Buffer Syster.

Expt. [s], x 103 v, X 10° [s] /v§
No, [m] [M/min, ] [Mgnol
13 D.21 18,0 29,0
ik 16479 L7.5 35.2
15 70,1l 101,0 69.6

16 39.8L 82,0 18.5
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TABLE XXXI
Results of the Alpha-chymotrypsin-catalyzed Hydrolysis of
| Acetyl-L-tyrosinhydroxamide in the
Presence of 55.L x 103 i L-tyrosinamide at pH 7.60.

Tris~-( hydroxymethyl }-aminone thane~hydrochloric Acid Buffer System.

Fxph . [s], x 10° ve x 10° 1/[81, /v, x 1074
No. (8} [M/min, ] x 107 [Min./u]
(M=
132 11,80 2.31 20.8 L33
133 16.00 760 6425 1,315
13L 70.0 25.0 1.L3 0.40
135 0.0 16.9 2450 0+59
TABIE XXXIT

‘Results of the Alpha-chymotrypsin-catalyzed Hydrolysis of
Acetyl-L-~tyrosinhydroxamide at pH 7.70.

Tris-(hydroxymethyl)-aminomethane-hydrochloric Acid Buffer System.

Expt. [s], x 10° vy x 10° [81/%0
NOO [M} [M mino] [Mj.n'];
1 10,0 20,8 13.8
2 3.00 7.81 38,3
3 3C.0 52.9 56.6
L 5040 71.5 70.0
29 5.00 13.7 3645
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TABIE XXXIJI
Results of the Alpha=-chymotrypsin-~catalyzed Hydrolysis of
Acetyl~L-tyrosinhydroxamide at pH 7.88.

Tris—(hydroxymethyl)—andnomethane-hydrochloric Acid Buffer System.

Faot . [s] x 10° v, x 10° [81,/%
No. 1] ; s

[M/min., ] {ilin.]

L5 15.98 31.0 51.6

162 bo79 11.2 42,7

W72 70.0 7341 95.6

1,88 140.0 57.4 6945

TABIE XXXIV
The Inhibition of the Alpha~chymotrypsin-catalyzed Hydrolysis
of Acetyl-L-tyrosinhydroxamide by Varying Concentrations of
Acetyl-L-tyrosinamide. .

[S]o = 16 x 10—3throughout.

Ky = 50 in the caleuletion of the quantities in the last column
(see Table XL).
pH = 7.083.
Tris-( hydroxymethyl }-aminomethane~hydrochloric acid buffer systeu.
Expt. (1] x 10° v, x 10° [T]v Ks/(Ks + [S]p)x 108
No. (4] [M/min.] [i?/min, ]
91b 50.0 21,2 8403
1002 30.1 26,6 6.0k
101 20.0 2948 Le51
102 5.0 3745 l.k2
103 10,0 3Lo5 2,61

100b 0,0 L1.1 0.00
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TABIE XXXV

Results of the Alpha—-chymotrypsin~catalyzed Hydrolysis of

Acetyl-L-tyrosinhydroxamide at about pH 8.20.

Tris-{hydroxymethyl )-aminomethane-hydrochloric Acid Buffer System.

Expt,
No,

27
h1
2
L3
i

[s], x 10°
(]

]

5.0
9.6
002
he7
5.8

-1\

=
=

[ 2

pH

.2

Vo X 10°
[M/min, ]

25
2e2

O AN =y

5
$06
5

N
NGO N N O

TABIE XXXVI

[81o/vo
[#in, ]

).1808
76.0
101
52.3
60,0

[8lo/vo
at pH 8.20
51
76
102

52
60

Results of the Alpbha-chymotrypsin-catalyzed Hydrolysis of

Acetyl-L-tyrosinhydroxamide at about pH 8.60.

Tris-{ hydroxymethyl)-aminomethane~hydrochloric Acid Buffer System.

Expb.
No.

30
31
32
33
3k
35
36
37
38
88
91
960
992
115
117

[s], x 10°
]

5.00
15,87
Le76
3967
65.8
15,8
L.75
70.7
3946
L.80
7043
L.81
70,0
7040
.82

pH

. & & 5 * & @

HOPDHW—aEO

« o o ¢ o 8
O\\RULO\\RS\O\O\O\UIO\O\O\@N

QN0 ONO

ies Yo NesNeslosNvsNocNo NocjosJosgosRorie s Ju el
°

Vo X 10°
[M/min. ]

5,02
16,7
5.16
3L.6
L9.6
1843
5.57
53.9
347
6435
55.1
5e31
55.l
55.1
6.68

[slo/v,
[Min.]

99.5
95.0
92.1
115.0
132
86.6
85.3
131
11h.1
75.6
127
90,5
126
125
7243

[81o/%
at pH 3,60

85
90
83
110
130
89
83
131
112
78.6
128
90,5
127
127
723
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TABLE XJXViI
Inhibition of the Alpha-chymotrypsin-catalyzed Hydrolysis
of Acétylfg-tyrosinhydroxamide by Acetyl-D-tryptophanamide
at pH 8.60.

The concentration of acetyl-D-tryptophanamide in the inhibited runs
is 2.L x 1073 i,

The value for Ky used in calculating Kj is 102 x 10~ U,
Tris-(hydroxymethyl)-aminomethane-hydrochloric acid buffer system.

Inhibited Runs Control Runs

Expt.  [S], x 10® v x 105 Expt. [S], x 10° v, x10° K x 10°

No. (M} [1/min, ] No. [} (W/min,]  [M]
86 L. 79 3,12 88 1.80 6435 2.3
87 15.98 10.3 88 ;.80 6.35 2.5
89 39.9 22,2 91 7043 55.0 2,5
90 70.0 3L 91 70.3 55.0 2.1

Average 2., x 1072 i,

TABIE XXXVIII
Inhibition of the Alpha-chymotrypsin-catalyzed Hydrolysis of
Acetyl-L-tyrosinhydroxamide by Acetyl-L-tyrosinamide at pH 8.60,

The concentration of acetyl-l-tyrosinamide in the inhibited runs is
30 x 10™° M.
The value for Ks used in calculating Kp is 102 x 102 M,

Tris-{ hydroxymethyl)-aminomethane=hydrochloric acid buffer system.

Inhibited Runs Control Runs
Expt. [8], x 10° v, x 20°  Expt. [S], x 10° v, x10° K x 10
No. [14] [M/min, ] No. (] (Wmin,] (]
9lib L.81 3.70 96b 1,81 5.31 65
95b 16.0 11.8 96b Le81 5.31 72
97 7043 L3.7 99a 70.0 55.4 65
98 Lo.0 29.6 9%a 70.0 580 72

Average 68 x 1072 W,
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TABLE XXXIX
Results of the Alpha-chymoirypsin-catalyzed Hydrolysis of
| Acetyl-L-tyrosinhydroxamide at about
pH 9.0

Tris~=( hydroxymethyl)-aminomethane~hydrochloric acid buffer system.

Expt. [s], = 103 pH v, X 10°
No. [m] [Initial] [M/min.]
19 39.8 8.90 22.8
20 69.0 8.81 40.0
23 40,0 8.90 12.5
2l 69.L 8.81 h2.5
o5 16,0 9.03 8.53
26 4.80 9.10 2.2
28 5.00 9405 2437



Buffers are indicated as follows:

pH
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Calculated from Vipax = ka{E]o for [310 = O,

TABIR
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XL

Summary of Kq and Vpoy Values Obtained From the Studies of

the Alpha-chymotrypsin-catalyzed Hydrolysis of Acetyl-L=—

tyrosinhydroxamide.

= Tris-( hydroxymethyl)-aminomethane -- HC1l

Ks x 103

= Cacodylic acid -— NaQH

= Phosphoric acid —— KOH

= Ethylenediamine -- HC1

= Hydroxylamine -- HC1l (+ NaCl)

Buffer Vpax X 103
[M/min. ]
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102

Ut
)
T 1 bk b I T 14

04

Ke/Vmax
Titin. |

134
66
L3
35.5
38.7
28.9
31,2
33.3
30.8(a)
35.0(a)

k, x 10°
M/mg.
protein
nitrogen/
il o/min.

L

0
22,7
25.7
29.5
26.5
30.2
31.2
35,2
3L + 2(b)
32 + 3(c)
0.2
35.8
31.8
33.0
32,5

mg. protein nitrogen/ml,

From experimental data obtained by Hogness (1), recalculated by
Foster (20),

Probably low activity of enzyme preparation.
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TABIE XLI
Caleculation of Values of Kg/V,,y for Runs Made at Low Substrate

Ceorncentrations. Vgyayx values from Figure 2.

Bept. [5], PH vy x10° [8] /v, Vnex (5] fVmax  Xs/Vmax
No. x 103 [M/mln“] {Mino} X 103 PO ;_Mina]
[M] [M/min, ] [Min.} )
10  5.00 6420 3.26 1L8 0.56 9 139
76 L.78 6.20 3.38 1 0,56 9 132
93t L.78 6.20 3.58 13k 0.56 9 125
112 L.80 6.20 312 140 0.56 9 131
L8b  L4.80 6.60 6.7k 71 0.90 g 66
50 L.80 6.60 6,70 72 090 5 67
51 L.80 6,60 6.6h 72 0.90 5 67
56 h.18 6.95 10,0 L8 1.08 N Ll
67 hL.78 7.12 11.9 10 1.18 L 36
60 .78 7,20 - 1L.0 3} 1.21 L 30
L he77 7430 13.L 36 1.25 N -32
6 3,00  7.60 8,77 34 1.27 2 32
2 3,00 7.70 7,81 38 1.37 2 36
29 5,00 7.70 13.7 37 1.37 Iy 33
27 5,00 8,16 10.3 19 1.33 b L5
L3 ha75 8422 9.1 52 1,33 I L8
30 5,00 8.70 5.02 100 1.28 L g6
32 L.76 8.67 5.16 92 1.28 i 88
36 LL'?S 8061 5’-57 85 1029 h— 81
88  L.80 8,60 6435 76 1.29 It 72
96b  L.81 8.60 531 91 1.29 L 87
17 L.82 8.60 6,68 72 1.29 I 68
26 11,80 9.10 2.2l 21 1.23 N 210
28 5,00 9,05 2.37 211 1.2h Iy 207
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TABIE XLIT

The Variation in the Inhibition Constant of Acetyl-L~tyrosine

With pH,

Expt. [S] (1] oH vo x 10° K, x 10° Vpo Ky x 10°

No. x 18°  x 10° [/min. ] (1] x 10° (]
(] (1] [W/min.]

. 6620 20(a)
105 16,0 LS 6430 3450 70 0.66 B 1
123 1180 90 6,57 1.35 58 0,87 21
12 1. 80 90 6,81 2,22 L9 1.01 27
125 .80 90  7.30 5.17 10 1.25 51
126 L1.80 90  7.60 7.05 L3 1.36 87
127 L.80 90 8.26 6,54 68 1.32 250

7460 90(b)

7490 115(c)

(a) From data presented in Table XX and Figure 25,
(b) Reported by Foster (19); substrate acetyl=L~tyrosinhydroxamide,

(¢) Reported by Thomas et al (21); substrate acetyl-L-tyrosinaride,

TARIE XIITX
The Variation in the Inhibition Constant of L-tyrosinamide

With pi,

Expt. [S], (1], pH v, x1°

Kg x 10°  Vpox K1 x 103
No, x 10°®  x 10° [M/min., ] fm] « 102 (1]
{u] (] ) [M/min, ]
128 .80 55.L 6,20 1.50 75 0.56 L2
129 11480 55.L 6,90 3.11 L6 1.06 23
7060 11(3.)
130 L. 8C 55.L .8.20 1,59 65 1.33 11
131 .80 S5l 8460 1.04 98 1.29 11

(a) From data presented in Table XXXI and Figure 3l.



~170~

TABLE XLIV
Variation in the Inhibition Constant of Acetyl-B=trypto=~

phanamide With pH.

pH Ky x 103 Reference Substrate
(1] ,

6.2 2.0(a) — acetyl-L-tyrosin-
hydroxamide

609 2.0 (13) Lrtyrosinhydfoxamide

Te9 27 (11) acetyl=-L~trypto=-
phanamide

8,6 2sl(b) ——— acetyl=L-tyrosin-
hydroxamide

(a) From data presented in Figure 25 and Table XXI.

(b) From data presented in Table XXXVII.

(a)
(b)
(c)

(d)

TABIE X1V
Variation in the Apparent Inhibition Constant of Acetyl-

L~tyrosinamide With pH,

pH Ky x 10° ) Reference
[u] B
642 ~67(a) —
7.83 L1(b) —
790 32(c) (21, 20)
8.6 68(d) | me—

From data presented in Table XXII and Figure 25,
From data presented in Table XXXIV and Figure 38,

K obtained from kinetic studies of the chymotrypsin-catalyzed
hydrodysis.

From data presented in Table XXXVIII.
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TABLE XLVI

Tonization Constants of Hydroxamic Acids.

Acid

Acethydroxamide
Glycinhydroxamide
Glycinhydroxamide
L-tyrosinhydroxamide
L-tyrosinhydroxamide

L-tyrosinhydroxamide

acetyl=L=-tyrosinhydroxamide

acetyl-L-tyrosinhydroxamide

Group PKy
NHOH 9.l
NHOH 9.4
NH,* 7ol
NHOH 942
nH* 7.0
OH 10.0
NHCH 940
CH 10,2
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TABLE XLVII

Determination of K, for Acetyl-L-tyrosinhydroxamide.

pH h Vipax x 10° Vpaxh x 1017
[8/min. ]

6420 6.3 x 107 0656 353
6460 2,51 x 10~7 0.91 228
6.95 1,12 x 10~7 1,03 115
7.12 7.6 x 1070 1.18 90
7420 6.3 x 10~8 1.21 76
7430 5,0 x 1070 1425 63
7.60 2.51 x 1078 1.l g
760 2,51 x 100 1,36 3hi(a)
7460 2,51 x 10~8 1.28 33(b)
7470 2,00 x 1070 1.3 29
8.20 6.3 x 10~ 1.32 8
8.60 2,51 x 1077 1,30 3

(a) Reference {19).

(b) Reference (1L, 20).
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TABIE XLVIIT

Calevlation of X, and Ky PH Minimum = TeTe

pH h Ke/Vgox 1 Ko/Vnox
fTable L1HK'/h, L+ /b
YL I] Kr=10
6,20 6,31 x 10~/ 129 1.0 139
6,20 6,31 x 1077 132 1.0 132
6,20 6,31 x 10~7 125 1.0 125
6420 6.31 x 10*3 131 1.0 131
6,60 2,51 x 1071 66 1.0 66
€.60 2451 x 1077 67 1.0 67
€460 2,51 x 10~ 67 1.0 67
6.95 1,12 x 10~7 “hly 1.0 Ly
7.12  7.59 x 1078 36 0.986 36
7.20 6.31 x 10‘2 30 0.985 30
7.30 5,01 x 10™ 32 0,980 31
7.60  2.51 x 1@'2 30 0.960 31
770 2,00 x 10"8 36 0.950 3l
7,70 2,00 x 107 33 0,950 31
7.88 1,32 x 10~8 10? 0.930 37
8.16 6492 x 1077 L5 0.87L 39
8,22 6.0l x 10:2 18 0.859 L1
8,70 2,00 x 1077 96 0.667 6l
8,67 2.1 x 10~9 88 0,682 60
8,61  2.46 x 107 81 0.711 58
8,60 2,51 x 1077 72 Oe71L (31
8460 2,51 x 102 87. 0.71L 62
8,60 2,51 x 10™Y 68 0.71L 1o
9,10 7,95 x 10=10 210 Oolihi? 93
9,05 8,90 x 10710 207 0.L70 97
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TABIE XI.IX

Experimental Cbservations for the Alpha-chymotrypsin-
catalyzed Hydrolysis of L-tyrosinhydroxamide.

Enzyme concentration = 0,208 mg. protein nitrogen/ml.
Température = 259 ¢, Buffer 0.1f in organic component. The
approximate amount of hydrolysis is indicated where this is important
to the estimation of the median pHe The initial pH is indicéted only

where it is actually observed.
e = extinction observed at 505 millimicrons.

[8]o = 1nitial substrate concentration.

Part A. Runs with cacodylic acid - sodium cacodylate buffer,

Expt. [S], x 10° Time e in 10e Initial Final Median
No. [u] [Min] pH pH pH
[Estimated]
1 10.00 2 0,965 2,267 6.03 6.03

5 0,947 2.248
11 0,908 2,206
21 0.856 24,147
30 0.802 2,082
Lo 0.75h  2.020
50 0.700 1.946
60 0.658 1.88h

Interpolated
Values

0 0.978 2.280
60 0.659 1.885

1 ml. aliquots placed in 10 ml. flasks for color reaction,
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Bxpt. [S], x 10° Time e In 10e Initial Finsl fledian
No. (] [Min] pH pH pH
[Estimated]
2 2.00 2 0.206 0.723 6406 6606

10 0.190 0,642
20 0,178  0.577
30 0.167 04513
Lo 0,156  0.4L5
50 0.1hl  0.365
60 0.13L 0,293

Interpolated
Values

0 00208 0,732
60 0,13 0.292

1 ml. aliquots placed in 10 mi. flasks for coler reaction.

1n 10e

3 5.00 2 0.475 1.558 6403 6.03
10 0.450  1.50L
20 0,428  1.L5L4
30 0.398 1.381
10 0.366 1.298
50 0.338 1.218
65 0,308 1.125
80 0.275 1,012

Interpolated
Values

0 0.L493  1.59€
60  0.319 1,160

1 ml., aliquots placed in 10 ml. flasks for color reaction.



-176-

Expt. [S] x 16® Time e in 10e Initial Final Median

No. °u] [Min] pH pH pH
[Estimated]
Lo 5.00 2 0C.i53 1.511 6,03 6.03

5 Oolihi8  1.500
10 0.430  1.459
20 0.403 1.3%h
30 0,372 1.31L
L2 0.3k8  1.247

Interpolated
Values

0 0.b62  1.529
60 00,305 1.117

1 ml. aliquots placed in 10 ml,., flasks for color reaction.
This run of doubtful value.

In 103

5.00 2 0.470  1.5L8 6,00 6.00
5 0,460 1.526
10 0.4li8  1.500
20 0.1 1.h21
30 0.390 1.361
Lo 0.362 1.287
50 0.342 1.230
60 0.323 1.173

Ul

Interpolated
Values

0 0.476 1,560
60 0,320 1,163

1 ml. aliquots placed in 10 ml. flasks for color reaction.
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Expt. [S], x 10° Time 2 1In 1Ce Initial TFinel Medisn
No. [M] [#in] pH pH pH

[Estimated]
6 11689 2 0460 1,526 6,06 6.06

g 0Juli7  1.L97
10 0,128  1.L5hL
20 0.,00  1.386
30 0.368  1.303
o) 0,338 1.218
50 0,316 1.151
60 0293 1,075

Interpolated
Values

0 0,465 1.538
60 06292 1,071

1 ml. aliquots placed in 10 ml. flasks for color reaction.

1n ng

7 10 2 0.92L 2.224 6.10 6.10

5 0,906 2,20
10 0.877 2.171
20 0.810 2,092

30 0.752 2,018

);0 0.702 1,949

52 0.640 1.856

60 0,606 1.802

Interpolated
Values

0 0.938 2,238
60 0.605 1.800

1 ml. aliquots placed in 10 ml, flasks for color reaction.
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Expt. [S] x 10° Time e  1n10e TInitial Final Median

No. ©[u] [Min] pH oH pH
[Estimated]
8 3,00 5 04262 04963 6402 6.02

11 0.250 0.916
20 06250 0,916
30 0,216  0.770
Lo 0,203  0.708
51 0,186 0,621
60 0.176 0,565

Interpolated
Values

0 0,272 1,000
60 0.175 0,560

1 ml., aliguots nlaced in 10 ml. flasks for color reaction.

1n 103

9 3.00 2 0.260 0,956 6,06 6,06
10 0,243 0.888
20 0.229 0.829
30 0.213 0.756
L0 0,200 0,693
50 0,188 0,631
60 0.172 0,542

Interpolated
Values

0 0.266  0.972
0

6 0.174 0,551

1 ml. aliquots placed in 10 ml, flasks for color reaction.
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Expt. [8], x 10° Time e in 10e Initial Final Median

. i T4 H pH pH
No (il Lifin] P [Estinated]
10 4o 2 04733 1.992 6435 6439

6 0,75 2.020
10 0.699  1.944
1l 0.680  1.917
18 0.672 1,905
22 0,667 1.898
26 0.632 1.8l
30 04627 1836
35 0,603  1.797
39 0.575  1.7L9
L3 0.576 1l.751
L7 0,547  1.699
51 0.525 1.658
E5 - 0,516 1.6l
59 0.503 1.615
60 0,495  1.599
61  0.h90 1,589
62 O0.L7  1.556
80 O.hho 1,482
81 0,433  1.L466

Interpolated
Values

0 0.742 2,040
60 0.1196  1.600

0,2 ml, aliquots placed in 10 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 13 x 103 M,
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Expt, [8]) = 10 Time e In 10e Initial Final Median
Noe [m] [Min] pH pH pH
[Estimated]

1
2 0.372 1.31h
3 0.378  1.330
L 0s377 1.327
5 00371 1.311
6 0.368 1.303

10 0.352 1,258

11 0.351 1.256

15 0.342 1.230

19 0.333 1,203

23 0,327 1.185

27 0.313 1.1kl

34 0.305 1.115

39 0,298 1,092

L3 06276 1.015

50 0.268 0,986

58 0.250 0.916

59 04255 0.936

60 0.2L5 0,896

61 0.25 0.896

62 0.2L0  0.875

Interpolated
Values

0 0.386  1.350
60 0.246  0.900

0.2 ml, aliquots placed in 10 ml. flasks for color reaction.

Approximete amount of hydrolysis in 60 min. = 7.3 x 10™3 ¥,
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Expt. [8]) x 10° Time e In 10e TInitial Final Median

No. il Min H pH oH
° Gl [ioin] P [Estimated]
12 10,0 0.770 2.0h41 6422 6417 6419

1
2 O.7hl  2.007
3 0.730 1,988
l 0.748 2.012
5 0,732 1.991
6 0.7h2 2,004

10 0722  1.977

1L 0.710 1,960

18 06,68l 1,923

23 0,666 1,896

30 0.6L49 1.870

3L 0.648 1,869

38 0.634  1.847

L5 0.612 1,812

L9 0.598 1.788

53 0,577 1.752

57 06566  1.733

58 0.563 1.728

59 0.550 1,705

60 0,548 1,701

61, 0.5L0  1.686

62 0.5L6 1.697

63 0532  1.671

Interpolated
Values

0 0,758 2,026
60 0,549  1.703

0.2 ml. aliquots placed in 10 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 11 x 10™°u,



Expt. [S], % 10% Time

No. (1] [Min]

13 40.0

ONOs Oy s\l Erww W e N =
MMHO\OOD-Q\»\OaGJJ:’O\» ODE‘C—),O\\J'LJ:'\»NI-J

0
60

-182-

e in 10e
0.770 2.0h1
Oo7hly 2,007
0.730 1.988
0.748 2,012
0.732 1.991
0.7h2 2,004
0.722  L.977
0,710  1.960
0,666 1,896
0,649 1.870
0.6h1 1.869
0.634  1.847
0.612 1.812
0.577 1.752
0.566  1.733
0.563 1.728
0,550 1,705
0.548 1.701
0.540 1,686
0,546  1.697
0.532 1.671
Interpolated

Values

0.7L3 2,005

Initial
pH

588

Final
pH

5,88

042 ml. aliquots placed in 10 ml. flasks for color reaction.

Median
pH
{Estimated]

5.88
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 Expt. (8] x10° Time e  In 10e Initial Finsl Median

No. O[] [Min] pH oH oH
[Estimated]
1L 40,0 0.738  1.999 6.10 6.0l 6.07

1
2 0.73Lh  1.993
3 0.760 2,028
L 0,743 2.005
5 0.7hé 2,009
9 0.726  1.984

14 0,702 1,949

18 0,704 1.952

22 0,684  1.923

256 0.674 1,908

34 0.652 1.875

38 0,640 1.856

L9 0.610 1,808

53 0,607 1.803

59 0,585 1.766

60 0.578 1.754

61 0567 1.735

62 0.567 1.735

63 0,577 1.753

Interpolated
Values

0 0758 2,025
60 0,579  1.756

0.2 ml. aliquots placed in 10 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 10 x 1072 M.
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Expt. [S] x 10® Time e In 10e Initial Finel ledian

No. ) [1in] pH pH pH
[Estimated]
15 L0040 0.762 2,031 6062 6452 6,57

1
2 06772 2.0l
3 0.760 2,028
L 0,762 2,031
5 0.69h  1.937
6 0,718  1.971

10 0.693  1.936

1l 0,727 1.982

18 0.658 1.884

22 0.638 1.853

29 0,608 1.805

33 0.592 1,778

37 0.560 1.723

L1 O0u5LT  1.699

L8 0.518 1.6L5

53 0.1198  1.605

57 0.478  1.56L

58 0,468  1.543

59 0,162  1.530

60 0.475 1.558

61 0.L58  1.522

62 0.458  1.522

Interpolated
Values

0 0.743 2,050
0 0.6y 1,535

0.2 ml. aliquots placed in 10 ml, flasks for color reaction.

6

Approximate amount of hydrolysis in 60 min. = 16 x 10™° M,
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Expte. [s] = 10 Time e In 10e Imitial TFinal Median

No. ] [Min] pH pH pH
[Estimated]
16 10,0 0.740 2,001 6,80 6466 6.73

1
2 0.7h0  2.001
3 0,756 2,023
L 0.726 1.982
5 0.750 2,015
8 0.716 1.968

12 0,677 14912

16 0,665 1.895

20 0.62L 1.831

27 04594  1.782

31 0.575  1.7hL9

35 0.565 1,732

39 0.5hlk  1.694

L3 04522  1.652

49 0s485  1.579

53  0.476 1,560

57 OeLh3  1.L88

58 0.h32  1.463

59 032  1.463

60  0.420 1,435

61 0,412 1,416

Interpolated
Values

0 0.757 24024
60 04421 1,438

0.2 ml. aliquots placed in 10 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 18 x 103 M,
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Expt. [8], x 10° Time e In 10e
No. [] [Min]
22 10,0 2 0.952 2,253

5 0.943  2.2LL
10 0.913 2,212
20 0.877 2,171
30 0.858 2,149
Lo 0,832 2.119
50 0.805 2,086
60 0,790 2,067

Interpolated
Values

0  0.946 2,247
60 0,749 2,013

1 ml., aliquots placed in 10 ml. flasks for

In 103

23 10.0 2 0,952 24253
5 0,922 2,221

10 0.906 2.204

20 0.872 2.166

30 0,8L7 24137

Lo 0.807 2.088

50 0,776 2.0L9

60 0.748 2.012

Interpolated
Values

0 0.946  2.247
60 0.749 2.013

Initial Final Median
pH pHE pH
[Estimated |
5076 l;o'?é

color reaction.

5.87 5.87

1 ml. aliquots placed in 10 ml. flasks for color reaction.
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Expt. [S]. x 10° Time e iln 10e Tnitial Final Median

No. °rml [Hin] pH pH pH
[Estimated]
2l 10.0 2 0,960 2.262 6.00 6,00

5 0.930 2,230
10 0.912 2,211
20  0.872 2,166
30 0.822 2,107
Lo 0.780 2.,05L
50 0.740 2,002
60 0,702  1.949

Interpolated
Values

0 0,96l 24266
60 0,702 1,949

1 ml, aliquots placed in 10 ml. flasks for color reaction,

in lOg

25 10,0 2 0,948 2,249 6427 6428
5 0.926 2,226
10 0,882  2.177
20 0.813 2,096
30 04752 2,018
40 0.69L  1.937
50 0.642  1.859
60 06591  1.777

Interpolated
Values

0 0.961 2.263
60 0.592 1,778

1 ml, aliquots placed in 10 ml. flasks for color reaction,
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Expt. [s] = 10° Time e in iCe
No. (] [Min]

26 10.0 2 0,950 2,251

5 0,918 2,217

12 0.848 2,138

20 0.771 2.0L3

30 0.688  1.929

40 0.618 1.821

50 0,551 1.707

60  0.493 1.595

Interpolated
Values
0 0,970 2,272
60 0,493 1.595

1 ml. aliquots placed in 10 ml, flasks for color reaction,

Approximate amount of hydrolysis in 60 min. = L.9 x 1072 ¥,

In ng
27 10 3 0,926 2,226
5 0.908 2,206
12 0,828 2.114
22 0.718 1.971
32 0,632  1.84L
42 0.5Lh  1.694
52 0.482  1.573
62 0,420  1.435
Interpolated
Values
0 0,965 24,267
60 01132 1,162

Initisl Final Median
pH pH pH
[Bstimated]
645 6455
6.70 6.72

1 ml, aliquots placed in 10 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 5,5 x 10™° M,
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Expt. [8], x 10° Time e 1n 10e
No. [m] [Min]

28 10.0 2 06958 24260

5 0.925 2,225

10 0.858 2,149

20 0.7h2 2.00L

30 0.638 1,853

Lo 0.5LU5  1.696

50 0.470 1.5L8

60 0,407 1l.hoL

Interpolated
Values
0 0.998 2.300
60 0.403  1.393

1 ml. aliquots placed in 10 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 6 x 10™3 i,

1n 10e
29 10.0 2 0,948 2,249
5 0.900 2,197
10 0.838 2.126
20 0.733 1.992
30 0,630 1.841
Lo 0.542  1.690
50 0.468  1.543
60 0.410 1.111
Interpolated
Values
0 0,970 26272
60 0.410 1.L10

Initial Final Median
pH pH pH
[Estimated]
£.92 6494
6.82 6.8l

1 ml. aliquots placed in 10 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min, = 5.8 x 10™2 M,
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Expt. [8] x 103 Time e In 10e
No. [l [Min]

32 10,0 2 0,960 24262

5 0,932 2,232

10 0.868 2,161

20 0,752 2,018

30 0,658 1.88L

Lo 0,567 1.735

50 0.L90 1.589

60 0,426  1.ul9

Interpolated
Values
0 0,998 2,300
60 0.427 1,451

1 ml. aliquots placed in 10 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 5,7 x 107 M.

In lOg
37 3,00 2 0.286 1,051
5 0.28L 1.0k
10 0.276  1.015
20 0.26l1  0.971
31 06253  0.928
Lo 0.2Lh9 0,912
50 0.242 0.88hL
60 0.233 0.846
Interpolated
Values
0 0,289 1,060
60 0,228  0.824

Initial Finsl Median
pH pH pH
[ Estimated]
Te22 7.24L
5.62 5.62

1 ml, aliquots placed in 10 ml. flasks for color reaction.

# These values obtained by considering this run and run 38 together.

Very poor accuracy is the result of the small amount of hydrolysis

at this low pH.
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Expt. [8]. x 10° Time e In 10e Tnitial TFinal Median

No. 1] [Min] oH pH pH
[Estimated]
38 3.00 2 0,293 1,075 5.73 5.73

5 0,279 1.026
10 0,278 1.023
20 0,266 0,978
30 06255 0.936
Lo 0e2l3 0,888
50 04238 0,867
60 04236 0,859

Interpolated*
Values

0 0,289 1.060
60 0.235 0,805

1l ml. aliquots placed in 10 ml, flasks for color reaction,

#* Same considerations apply to this run as to run 37,

In 103

39 3,00 2 0.280 1.030 5.91 5.91

5 0,277 1.019

10 0,267 0,982

20 0257  0.944

30 0.240 0,876
L0 0.230 0.833
50 06218 0.779

60 0,207 0,728

Interpolated
Values

o} 0.28l 1,045
60 0.207 04727

1 ml. aliquots placed in 10 ml, flasks for color reaction.
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Expt. [S], x 10° Time e 1n 10e Initial Final Median

Nos [u] [Min] pH pH pH
[BEstimated]
Lo 3,00 2 0,280 1030 6.18 6.18
5 0.274 1,008
10 0.263 0,967
20 0.2L3 0.0888
30 06222 0.798
L0 0.204 0.713
50 0,189 0,637
60 0.,17h  0.554L
Interpolated
Values
0  0.28, 1.045
60 0.17Lh  0.552
1 ml. aliquots placed in 10 ml. flasks for color reaction.
in lOg
L1 3.00 2 0.273 1.00k 6els7 6147

5 0,260 0,956
10 0.245 0,896
20 0.217 ©C.775
30 0.186 0.621
Lo 0,163  C,L89
50 0,140 0,337
60 0.128 0247

Interpolated
Values

0 0.280 1,030
0

6 0.125 0.223

1 ml. aliquots placed in 10 ml, flasks for color reaction,
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Fxpt. [8] x10° Time e  1n 10e Initial Final

No. 1] [Min] pH pH

L2 3.00 2 0,272 1.001 6463
5 0.254 0,932
10 06237 0.863
20 0.207 0,728
30 0,175 04560
4o 0.150 0,406
50 0,132 0.278
60 0,118  0.166

Interpolated
Values

0 0.277 1.018
60 0.11h 0,132

1 ml. aliquots placed in 10 ml, flasks for color reaction.

In lOg

L3 3,00 2 0.262 0,963 6.88
5 0.248 0,908
10 0.227 0,820
20 0.192 0,652
30 0.163 0.L89
110 0.138  0.322
50 0,120 0,182
60 0,102 0,020

Interpolated
Values

0.268 0,986
0,101 0,010

(N e

6

1 mi. aliquots placed in 10 ml, flasks for color reaction.

Median

pH

[Estimated]

6463

6,88
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Fxpt. [8], x 10° Time e In 10e TInitial Final Median
No. [M] [Min] pH pH pH

[ Estimated]
Ll 3.00 2 04260 0,956 7.1L To1lk

5 0.247 0,904
10 0,228 0.82)4
20 0,195 0,668
30 0,162 0.L82
Lo 0,140 04337
50 0,118 0,166
60 0,102 0,020

Interpolated
Values

0 04268 0,987
60 0,101 0,013

1 ml. aliquots placed in 10 ml. flasks for color reaction.

1n 10g

L9 3,00 2 0.270 0,993 6436 6436
5 06262 0,963
10 04250 0,916
20 0.220 0.788
30 0.200 0.693
Lo 0,180 0.588
50 0.158  0,L57
60 0.138  0.322

Interpolated
Values

0 00277 1.018
60 0.141  0.347

1 ml. aliquots placed in 10 ml. flasks for color reaction.
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Expt. [S] = 10 Time e In 10e Initial Final ledian

No. [u] [Min] pH pH oH
[Estimated]

50 3,00 2 0,272 1.006 6450 6450

5 0,256 0,940
10  0.243 0.888
20 0,217 0.775
30 0,190 0.6L42
40 0,16  0.495
50 0.145  0.372

Interpolated
Values

0 0,278  1.023
60 06128 0,243

1 ml. aliquots placed in 10 ml, flasks for color reaction,

1n 10e

57 10,00 2 0.930 2,230 694 6496

5 0.890 2,186

10 0.822 2,107

20 0,70Lh  1.952

30 0,606 1,802
)-l-o Oe 523 1. 65’.4-
SO Oohh-B l.lf~88

60 0,380 1.335

Interpolated
Values

0 0.955 2,257
60 0.381 1.338

1 ml, aliquots placed in 10 ml, flasks for color reaction.

Approximate amount of hydrolysis in 60 min., = 6 x 103 M,
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Fxpt. [S] =x 10° Time e in 10e Initial Final Median

Ho« ] [Min] pH pH oH
[Estimated]
58 10,0 2 0,907 24205 7.08 7.10

5 0,870 2.163
10 0.805 2.086
20 0,690 1,931
30 0,595 1.783
L0 0,510 1,629
50 0.132 1,63
60 0.372  1.31h

Interpolated
Values

0 0.936 2,237
60  0.37h 1,318

1 ml. aliquots placed in 10 ml, flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 6 x 10~° N,

In 1q§
59 3,00 2 0,276 1,015 6,90 6.90
5 0,262 0,963
10 00,238 0.867
20 0,207 0728
30 0,170 0,531
Lo 0.1h0  0.336
50 0,118 0,166
60 0,098 =0.020
Interpolated
Values

0] 0.289  1.060
60 0,098 -0.,020

1 ml. aliquots placed in 10 ml, flasks for color reaction.
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Expt. (8] x 10® Time e ln 10e Initial Finsl
No. °[ul [Min] pH pH
60 3,00 2 0,278  1.022 7,00

5 04263  0.967

10 0.243 0.888

20 0,202 0,703

30 0617). 04536

4O 0.1hl 0,365

50 0,119 0,174

60 0.098 =0,020

Interpclated
Values
0 0.289  1.060
60 0.100  0.002

1 ml. aligquots placed in 10 ml, flasks for color reaction.

In 10e
61 40,0 1 0,700 1.946 7.12 6,98
2 0.693 1.936
3 0,695 1.939
LI. Oo 685 lo 92)_1
5 0,670  1.902
8  0.657 1.883
11 0.651 1.873
15 0.618 1,821
18 0.600 1,792
22 0,570  1.7hO
26 0.552 1.708
29 0,550 1.705
37 0.502 1,613
L0 0,180 1,569
L5 0.Lly7  1.L97
53  0.420 1.L35
57 0.L08  1.,L06
58 0393  1.369
59 0,389 1,358
60 0.378 1.330
61 0.378 1.330
Interpolated
Values

0 0,710  1.960
60 0,382 1.341

0.2 ml. aliquots placed in 10 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 18 x 10™° M,

Median

pH
[Bstimated]

700

"7.05
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Bxpt. [8]) = 10° Time e In 10e Initial Finel Median
Ho. (1] [iin] pH pH pH

[Estimated]
62 10,0 2 0.918 2.217 7.00 7.02

[ 0,910 2,208
10 0.813 2.096
20 0,690 1,932
30 0.598 1,788
L0 0,505 1.619
50 0.433 1.Lé6
60 0.370  1.308

Interpolated
Values

0 0,919 2.250
60 0.370 1.308

1 ml. aliquots placed in 10 ml, flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 6 x 1073 M.

1n 102

63 3.00 2 0.275 1,012 7.06 7.06
_ 5 0.253 0,928
10 0.238 0,867
20 0,200 0.693
30 0.167 0.513
L0 0,138  0.322
50 0,120 0.182
60 0.098 =-0.020

Interpolated
Values

0 0.282 1.036
60 0.113 0,012

1 nl, aliquots placed in 10 ml. flasks for color reaction,
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Expt. [S], x 10° Time e In 10e Initial Finel liedian
No. [M] [iin] pH pH pH

' [Estimated]
6l 10,0 00692  1.93L 7.03 6.92 6497

1

2 0,678  1.914
3 0.690 1.932
L 0.685  1.92L
5 0,678  1.91h
60 0.363 1.289
61 04368 1.303
62 0.342  1.230
63 0.350 1.253

Interpolated
Values

0 0.705 1,953
60 06366 1,297

0.2 ml, aliquots placed in 10 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 19 x 1072 M,

1n 10e
65 10,00 1 0,918 2,217 7,02 7.0k
2 0.913 2,212
3 0.900 2,197
L 0.885 2,180
60 0,368 1.303
61 0,366 1.297
62 0.357 1,273
63 04352 1,258

Interpolated
Values

0 0,939 2.240
60 0e369 1,306

1 ml, aliquots placed in 10 ml, flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 6 x 107 M,
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Expt. [S8] ¥ 10° Time e  1n10g Initial Finsl  Wedian
No. [(u] {Min] pH pH pH

{Estimated]
66 3040 0,503  1.615 Te12 6498 7405

0,500 1,609
L 0,490 1.589
5 0.488 1,585
60  0.2h2 0,88hL
61 0.243 0.888
62 0.243 0.888
63 0,240  0.875
6L 04237 0.0863

1
2 0,502  1.613
3

Interpolated
Values

0 0.511 1.631
60 06251 0,919

0.2 ml. aliguots placed in 10 ml, flasks for color reaction.

Approximate amount of hydrolysis in 60 min., =15 x 1077 M.

In 10§
67 3.00 1 0,266 0,978 7003 7,03
2 0.266 0,978
3 0,258 0.948
Ly 0,253  0.928
60 0,09l =0,062
61 0.09L4 -0.062
62 0,092 =-0,083
63 0,090 ~0.105

Interpolated
Values

0 06273 1,003
60 0,095 =0,050

1 ml, aliquots placed in 10 ml, flasks for color reaction.



Expte.
No.

68
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{S]O x 10% Time e In 10¢
[u] [Min]
20,0 1 1.820 2.902
2 1.788  2.88L
3 1.765 2,871
L 1,758 2.867
60 0.790 2.067
61 0.790 2.067
62 0.778 2.052
63 0s773 2,045
Interpolated
Values
0  1.8h3 2,915
60 0.801 2,081

1 ml. aliquots placed in 10 ml. flasks for color reaction,

Approximate amount of hydrolysis in 60 min, = 11,3 x 10~2 M,

71

in 10e
10,0 1 0,978 2,280
2 0,963 24265
3 04950 2,251
L 06930 2,230
60 0392 1,366
61  0.386 1.351
62 0.379 1.332
63 0,373 1.316
Interpolated
Values
0 0.989 2.292
60 0,391 1,363

Initial Final ledian
pH pH pH
[BEstimated]
7.03 7.07
7602 7.0k

1 ml. aliquots placed in 10 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 6 x 10~° u,
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Expt. [8]_ x 10° Time e In ¢

No. ©1uj [#in]

72 20.0 1 2,000 0,693
2 1.990 0,688
3 1.960 0,673
L 1,957 0.672
60 L.478  0.391
61 1.h68  0.38L
62 1.453  0.37h
63 1.1438  0.36L

Interpolated
Values

0 2.006 0,696
60 1.473  0.387

1 ml., aliquots placed in 10 ml, flasks for

1n 10e
73 3.00 1 0.297 1.089
2 06292 1.072
3 0,290 1,065
L 0,287 1.05L4
60 0,200 0.693
61 0,196 0,673
62 00196 04673
63 0.195 0.668
Interpolated
Values
0 0.296 1.085
60 0,199  0.687

1 ml. aliquots placed in 10 ml. flasks for

Initial Final Median
pH pH pH
[Estimated]
5.99 5.99
color reaction,
5.99 5.99

color reaction.
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Expt. [S], = 10° Time e in 10e
No. [M] {Min]
i 10,0 1 0.985 2,287
P 0,975 2,277
3 0,970 2.272
L 0,968 2,270
60 0,705 1.953
61 0,708 1.957
62 0.701  1.947
63 0,700  1.946
Interpolated
Values
0 0,989 2,292
60 0,709  1.058

1 ml, aliquots placed in 10 ml. flasks for color reaction.

1n 10e

75 L0.0 1 0.737 1.997
2 0.761 2,029
3 0.7h0 2,001
N 0,742 2.00L
5 0,748 2,012
60 0,605 1,800
61 0,595 1.783
62 0.599 1.790
63 0,589 1.773
an 0,582 1,761

Interpolated
Values

0 0.75L 2.020
60 0,599 1.790

Initisl Final Median
pH pH pH
[Estimated]
5698 5.98
6,02 6.01 6.01

0.2 ml. aliquots placed in 10 ml. flasks for color reaction.
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Expt. [S] x 10° Time e 1n 10e
No. Oru] [iin]

76 30,0 1 04551 1,706

2 0,552 1,708

3 0,560 14723

N 0,552 1,708

5 00548  1.701

60 0ok23 Y. hl2

61 0,427  1.L452

62 0.h38 1.L77

63 0.h22  1.LkLO

6l 0,417 1l.L28

Interpolated
Values
0 00560 16723
60 0,426  1.450

Initial

pH

6402

Finel

pH

6,00

0.2 ml. aliquots placed in 10 ml. flasks for color reaction.

in e
77 20.0 l 10975 06680
2 1.960 0,672
3 1.935 0,660
N 1,930 0,656
60 1.07h 0,071
61 1,057 0,055
62 1,035 0.03L
63 1.030 0,030
Interpolated
Values
0 1.997 0.691
60 1.065 0,063

1l ml. aliquots placed in 10 ml, flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 9.b x 1072 M,

Median
pH
[Estimated]

6.01
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Expt. [S] x 20° Time e In 10e
No. °ru] [#in]

78 3.,00 1 0,297 1.088

2 0,288 1.058

3 0,283 1.040

L 0,276 1.015

60  0.126 04231

61 0.12l; 04215

62 0.122 0.199

63 0,120 0,182

Interpolated
Values
0 0,296 1.086
60 04125 0,226

1 ml, aliquots placed in 10 ml. flasks for

1n 10e
79 10,0 1 0,985 2,287
2 0,978 2.280
3 0,968  2.270
L 0.948 2.249
60 0.498  1.605
61 0,495  1.599
62 0,488 1.585
63 0.486 1.581

Interpolated

Values

0 0,993 2.296
60 0,500 1,609

Initial Final Median
pH pH pH
[Estimated]
6453 6653

color reaction,

619 6451

1 ml. aliquots placed in 10 m}., flasks for color reaction,

Approximate amount of hydrolysis in 60 min. = 5 x 1073 M,
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Expt. [8] ) = 10° Time e In e Initisl Final Median
No. M) [Min] pH pH pH
[Estimated]
80 30.0 1 1.1 0.13L 6449 6454
2 1,142 04133
3 1.126 0.119
L 1.122 0,115
60 00675 _0.393
61 0.663 -0.411
62  0.650 =-0.L431
63 006)45 -Ooh38
Interpolated
Values
0  1.162 0,150
60 0,668 =0,L0L
1 ml. aliquots placed in 25 ml. flasks for color reaction.
Approximate amount of hydrolysis in 60 min. = 3 x 1073 M,
In e
81 50,0 1 1,518  0.L17 6450 6455
2 1l.513 O.L1y
3 1.Lk98 o.Loh
60 0,928 -0.075
61 0.922 -0,081
63 0,900 -0,105
Interpolated
Values
0O  1.53Lh  0.k27
60 04928 -0,075

1 ml. aliquots placed in 25 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 16 x 1073 M,
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Part B, Runs with tris-(hydroxymethyl)-aminomethane-hydrochloric

acid buffer.

Expt. [S]. x 10° Time e In 10¢ Initial Finsl Medisn
No. °1u) [iin] pH pH pH

[Estimeted]
17 10,0 0,736 1.996 7.18 7402 7010

2
3 0.7h3 2,005
L 0,727 198k
5 0,713  1.96h
6 0.72h  1.980
9 0.707 1.956

12 0,698  1.9L3

16 0,668 1.899

20 0,620 1.825

2L 0,600 1,792

30 0.566  1.733

3L 0.557 1l.717

38 0,508  1.625

L5 0478  1.564

L9 0,152  1.509

52 Ol 1.L8L

59 0.L00  1.386

60 0,400  1.386

61. 0,384 L 3L5

62 0.388 1,356

63 0.373 1.316

Interpolated
Values

0 0.755 2,022
60 0.397 1.380

0.2 ml. aliguots placed in 10 ml, flasks for color reaction.

Approximate amount of hydrolysis in 60 min. =19 x 107> M,
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Fxpt. [S5] x 10° Time e  1In 10e Initial Final Median
No. Orm] [#in] pH pH pH
{Estimated]
18 L0.O 0.716  1.969 760 7051 7455

2

3 0,710 1.960
I 0,713  1.96L
5 0.70L  1.952
6 0.718 1,971
10 0.702  1.949
pin 0,680 1,917
18 0,652 1,875
22 0,630 1.841
26 0,610 1.808
32 04575 1.749
36 0.562 1,726
10 0,539 1,685
L7 0,198 1,605
51 0,472 1,552
sh 076  1.560
58 O0ohh8  1.500
59 0.138 1 477
60 0. u0  1.482
61 0.428  1.154
62 0,426 1L k9

Interpolated
Values

0 0.76L 2,030
60 0.435  1.470

0.2 ml, aliquots placed in 10 ml, flasks for color reaction.
Approximate amount of hydrolysis in 60 min, = 17 x 10™° M,

Note: precipitate begins to form in the reaction flask after about
)0 minutes,
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Expt. [8], x 10° Time e l1n 10g Initisl Final Median

No. (1] [Min] pH pH pH
[Estimated]
20 30.0 0.576 1.751 762 753 757

2
3 0,570  1.740
L 0.567 1,735
5 0.567 1.735
6 0.554  1.712
9 0.568 1.737

13 0.532 1.671

17 0.520 1.649

21 0,500 1,610

28 0,467 1.5h1

3l 0.448 1,500

38 0,127  1.452

42 0,413  1.418

18 0,390 1,361

52 0.382 1,340

58 0.348  1.247

59 04332 1,200

60 0.338 1,218

61 0.337 1.215

62 0.336  1.212

Interpolated
Values

0 0.585 1,766
60 0e34l 1.227

0.2 ml. aliquots placed in 10 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 12,5 x 107 - M.
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Expt. [8] x 10® Time e 1n 10e Initial Final Median

No. O] [Min] pH pH pH
[Estimated]

21 30,0 0.5h2  1.690 7.13 6497 7,05

2
3 OoShS 10696
L 0.532 1,671
5 04525 1,658
6 0,523 1.654
10 0,510 1,629
1,  0.L83 1,575
18 0,168  1.5L3
20 O lih7  1.L97
26 0.h12 1,416
31 0.392 1,366
35 0,375 1.322
38 0,359 1.278
Ll 06322 1.169
L8 0.317 1,154
52 0,286 1.051
58 0,285 1,04k
59 06268 0,986
60 0,263 0,967
61 06262 0,963
62 06268 0,986

Interpolated
Values

0 0.554 1.710
6¢ 0,271  0.995

0.2 ml. aliguots placed in 10 mit, flasks for color reaction,

Approximate amount of hydrolysis in 60 min. = 15.5 x 1072 il,
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Expt. [8] ) = 10® Tinme e in 10e¢ Initial Final
No. [u] [Min] pH pH

30 10.0 2 1.0l 2,317 Tali2
6 0,958 2,260
10 0,922 2,221
20 0.788 2,064
30 0,716  1.969
Lo 0.626 1.83L4
50 0.552 1.708
60 0.Lh8h 1,577

Interpolated
Values

0 1.036  2.338
60 0,485 1,580

1 ml, aliquots placed in 10 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min., = 6 x 107° M.

1n 10e

31 10,0 2 1,018 2.320 7oh9
~ s 0.988 2,291
10 0,943  2.2hl
20  0.836 2.124
30 0.7hO. 2,001
L0 0,653 1.876
50 0,581 1,760
60 0518  1.645

Interpolated
Values

0 1.055 2,357
0 0.519 1,645

1 ml. aliquots placed in 10 ml, flasksfor color reaction.

6

Approximate amount of hydrolysis in 60 min. = 5 x 10~ M.

Median
pH
[Estimated]

Te hh

7051
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Expt. [S], x 10® Time e in 10e
No. [u] [Min]

33 10.0 2 1.0l 2,317

6 0.958 2,260

10 0.915 2,214

20 04793 2.071

30 0.686  1.926

Lo 0458k  1.765

50 0,51 1.637

60 0.,L36 1.473

Interpolated
Values
0  1.0h3 2,345
60 0.437  1.475

1 ml. aliquots placed in 10 ml, flasks for color reaction,

Approximate amount of hydrolysis in 60 min., =6 x 1073 u,

In 102
3l 10,0 2 1,006 2,309
5 197k 20276
Jo 06932 2,232
20 0.843 2,132
30 0.750 2,015
Lo 0.672 1,905
50 0,602 1.795
60 0,542  1.690
Interpolated
Values
0 1.036 2,338

Initial Final Median
pH pH pH
[Fstimated]
To17 7419
760 To61

1 ml. aliquots placed in 10 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min. =5 x 107> M,
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Expt. [8], x 10° Time e In 10e

No. [i] {iin]

35 10.0 2 1.043  2.3L6
5 1.003 2.306
10 0.972  2.27h
20 0.890 2,186
30 0,810 2,092
4o o.7h2 2,004
50 0 . 67).]. lo 908
60  0.617 1.820

Interpolated
Values

0 1,057 2.360
60 0,619 1.820

1 ml. aliquots placed in 10 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min. =L x 103 i,

In 10&
36 10,0 2 1.052 2,353
5 1,015 2.319
10 1,000 2,303
20 0,942 2,243
30 0.898 2.195
L0 00.8Lh2 2,131
50 0,788 2.06L
60 0.727 1.984
Interpolated
Values
0 1.059 2,360
60 0,743 2,006

Initial Final Median
pH pH rH
[Estimated]
779 7480
8.08 8,08

1 ml. aliquots placed in 10 ml. flasks for color reaction,



Expt,
No.

L5

21

[s] x 16® Time e 1n 10e
O] [Hin]

3.00 2 0.280 1.030

5 06268 0,986

10 0e24i3 0,888

20 0,208 0,732

30 0,172 04542

Lo 0e1l45 04372

50 0,118 0.166

60  0.095 =0,051

Interpolated
Values
0 0.294 1.080

60 0.099 =0.012

1 ml, aliquots placed in 10 ml. flasks for

Lé

1n 1Qg

3,00 2 0280 1,030
5 06268 0,986
10 0.248  0.908
20 06218  0.779
30 0,18 0,610
110 0,156 0.5
50 0o1h8 0,392
60 0,122 0,199

Interpolated
Values

0 06290 1,065
60 06120 0,185

Initial Finsl Median
pH pH pH
[Estimated]
7.07 707
color reaction.
Te37 7437

1 ml. aliquots placed in 10 ml. flasks for color reaction.



«215m

Expt. (S x10° Time &  1n10e Initisl Final  Median
No. [u] [Min] pH pH pH
[Betimated]
L7 3.00 2 0,288 1.058 7.60 7.60

5 04279 1.026
10 0,258 0,948
20 0.228 0.82l
30 0.202 0,703
32 0,200 0,693
L5 0,174 04554
60 0,145 0,372

Interpolated
Values

0 0.292  1.073
60 Oc1hli 04365

1 ml. aliguots placed in 10 ml. flasks for color reaction.

1n 10e

48 3,00 2 0,288 1,058 7.80 7.80

5 0,278 1,023

10 0,267 0,982

28 06227 0,820
36 0,204 0,713
Ll 0,199 0,688

50 0,182 0,599
60 0,165 0.501

Interpolated
Values

o 0.294 1,080
60 0,16l  0.496

1 ml. aliguots placed in 10 ml. flasks for color reaction.
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Expt. [8] x 10 Time e In e  TInitial Final Median
Wo. O] [Min] pH pH pH

[Estimated]
82 10,0 1.626 0,486 7.02 7.10

1
2 1.610 0.476
3 1.585  0.L460
b 1.57h  0.L53

61 0,843 -0.171

62 0,840 =-0.17L

63 0.827 ‘0'190

6l 0.822 =0,196

Interpolated
Values

0 1,636 0192
60  0.871 -0.138

1 ml. aliquots placed in 25 ml. flasks for coclor reaction.

Approximate amount of hydrolysis in 60 min. = 19 x 1072 M.

in e

83 30,0 1 1.206 0,187 6496 7.03
2 1.203 0,185
3 1,188 0,172
Ly 1.180 0,166
60 0583 ~0.5L0
61 0.578 =0,548
62 04580 =~0.545
63 0.568 0,566

Interpolated
Values

0 1,228 0,205
60 0.600 =0,513

1 ml. aliquots placed in 25 ml. flasks for color reaction,

Approximate amount of hydrolysis in 60 min. = 15 x 10™° M,



Expt.
No,

8L
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(8] x 10® Time e In ¢  Initial
© 1) {Min] pH
20,0 1 2,090 0,736

2 2,080 0,731
3 2.0h2 0.715
L 2,005 0,695
60 0,913 =-0.091
61 0,900 =0,105
62 00890 "0. 117
63 0.868 =0,142
Interpolated
Values
0 2,130 0.755
60 0,911 =0.093

1 ml., aliquots placed in 10 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 11 x 1073,

85

In 10e
3.00 1 0,288 1.058
2 0.278 1.022
3 0,271 0.997
L 0.268 0.986
60 0,086 -0,151
61 0.082 -0.198
62 0,082 -0.198
63  0.076 =0.274
Interpolated
Values
0] 0,291 1,067
60 0.085 =0.167

Final Median
pH pH
[Estimated]
7.00 7.05
7.06 7.06

1 ml. aliquots placed in 10 ml. flasks for color reaction,
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Expt. [8], x 10% Time e ln 10e Initial Finsl Median
No. ] [Min] pk pH pH

[Estimated]
86 10,0 1 1,016 2.319 7.09 7412

2 1,003 2.306
3 1.002 2.305
}..I, 00968 2.270
60 0,408  1.406
61 0.398 1.381
62 0,392 1l.366
63 0.390 1,361

Interpolated
Values

0 1.038 2,340
60 0,106 1,402

1 ml. aliquots placed in 10 ml. flasks for color reactiomn.

Approximate amount of hydrolysis in 60 min. = 6 x 10™° M.

in 10e

1 1.188  2.L75 7.91 7.93
2 1,202  2.487
3 1,180 2,468
h 1.190 2,477
. 60 0.850 2.1L0
61 0.840 2.128
62 0.827 2.113
63 0,830 2,116

88 30.0

Interpolated
Values

0 1.208  2.492
60 0.8 2.133

1 ml. aligquots placed in 25 ml, flasks for color reaction.

Approximate amount of hydrolysis in 60 min., = 9 x 107> M,



Expt.
No.

89
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rs] x 10® Tine e In 10e
M) [Min]

3,00 1 0.317 1.154

2 0,310 1.131

3 0.312 1.138

L 0,308 1.125

60 0202 0,703

61 0,202 0,703

62 0.203 0,708

63 0,200 0,693

Interpolated
Values
0 04317 1.155
60 0.20L4 0.712

1 ml. aliguots placed in 10 ml. flasks for

90

In e

20,0 1 2,125 0.75L4
2 2,120 0,751
3 2,115 0.7L9
ly 2.100 00742
60 1.430 0,358
61 1.438  0.36L4
62 1,428  0.356
63 1418 0,349

Interpolated
Values

0 2,151 0,766
60 1.LL3  0.367

Initial Final Median
pH pH pH
. [Estimated]
T1.97 T+97
color reaction.
7.9k Te95

1 ml. aliquots placed in 10 ml, flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 6.6 x 1073 M,
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Expt. [S] = 10® Time B8 1n 10e

N . °m] [Min]

91 10,0 1 1,056 2,357
2 1,056 2,357
3 1.046 2.348
L 1.042 2.3LkL

60 0696  1.9L0
61 0,687 1,927
62 0.678  1.91L
63 0.675 1.910

Interpolated
Values

0 1.069 2,370
60 0.692  1.93L

1 ml. aliquots placed in 10 mil, flasks for

1n 10e

96 10.0 1 1.06L 2,365
5 1,027 2,330

10 1,002 2,305

20 0,911 2,209

30 0.858 2,149

Lo 0.797 2.076

50 0.7h3 2,006

60 0,687 1.927

Interpolated
Values

c 1.067 2,368
60 0,684 1.930

1l ml. aliquots placed in 10 ml., flasks for

Initial Final Median
pH pH pH
[Estimated]
7.96 Te96

color reaction,

Te91 7091

color reaction,
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Expt. [8] = 10° Time e In 10e¢ Initial Final Medien
Wo. [ [Min] pH pH pH
[Estinmated]

97 3.00 1 0,321 1,166 T.91 7.91
. 5 0.312 1.138
10 06303 1,109
20 0.280 1.030
30 0,262 04963
Lo 0.2L48 0,908
50 06226 0,815
60 0.210  O.7h2

Interpolated
- Values

0 0.32h 1.17L
60 06212 0.751

1 ml, aliquots placed in 10 ml. flasks for color reaction.

1n 102

98 © 30,0 1 1.202 2,L87 7487 7.89

5 1.18L 24472
10 1l.152  2.LL)
20 1,090 2,390
30 1,029 24332
L0 0,962 2426k
50 0,908 2,206

60 0.8L42 2,131

Interpolated
Values

0 1.220 2,502
60 06853  241LlL

1 ml. aliquots placed in 25 ml, flasks for color reaction,

Approximate amount of hydrolysis in 60 min., = 9 x 107° M.
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Expt. [8] = 10® Tine e In 10¢ Initial Final Median
No. [1i] [Min] pH pH pH
[Estimated]

99 20,0 1 0,811 2.093 T+89 790
' 5 00798 2,077
10 0,776  2.0L9
20 0,718 1.971
30 0,673  1.907
10 0,630 1.8L1
50 0.583 1.763
60 0,552 1.708

Interpolated
Values
0 0,823 2,108
60 0s5h9  1.702
1 ml, aliquots placed in 25 ml. flasks for color reaction.

in lOg

100 3,00 06322 1.169 7.98 7.98

1
2 0,318  1.157
3 00317 1.154
h 0.313 1.141

60 0,210 0.7L2

61 0,206 0.723

62 0,202 0,703

63 0.200  0.693

Interpolated
Values

0 0.32h  1.17h
0

6 0,207 0,726

1 ml. aliquots placed in 10 ml. flasks for color reaction,.
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Expt. (8] x 10® Time e In 10e Initial Final Median

No. ©[um] [Min] pH pH pH
[Estimated]
101 3,00 1 04320 1,163 7.98 7.98
, 2 06318 1,157
3 0,316 1,151
L 0.312 1,138

60 0,20 0,713
61 0,201 0,698
62 0,200 0,693
63 0,198 0,683

Interpolated
Values

0 06322 1.171
60 0,203 0,708

1l ml. aliquots placed in 10 ml. flasks for color reaction,

1nrlOg

1 1.059 2.360 7.98 7.98
2 1.049 2,351
3 1,036 2.338
L 1.03L  2.336
60 0.703  1.950
61 0,691  1.933
62 0.,68L  1.923
63 0.678 1,91k

102 10.0

Interpolated
Values

0 1.063 2.36L
60 0,696  1.9L0

1 ml. aliquots placed in 10 ml, flasks for color reactions



13

-22))-

Expt. [8] x 10° Time e In 10e TInitial Final Median

No. °ru) [in) pH pH pH
[Estinated]
103 30.0 1 1,193 2,479 7497 7499
2 1.178 2.467
3 1,182 2,470
L 1,172 2.L462

60 0,822 2,107
61 0.828 2,114
62 0.818 2,102
63 0,818 2.102

Interpolated
Values

0 1.200 2,485
60  0.829 2,115

1 ml, aliquots placed in 25 ml, flasks for color reaction,

Approximate amount of hydrolysis in 60 min. = 9 x 103 .

In 103
1oL 20.0 0,798 2.077 T.97 Te98
0,802 2,082
0,795 2,073
0,783 2,058
60 0.548 1,701
61 0.542  1.690
62 0.532 1,671
63 0,527 1.662

Fuw o

Interpolated
Values

0 0,803 2.089
60 0.543 1,691

1 ml, aliquots placed in 25 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min. =7 x 10~ >,
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 Expt. [S]. x 10° Time e 1n 10e
No. o1 (in]

105 3,00 1 06330 1.194
2 0.326 1,182
3 0.343 1.233
L 0.316 1,151

60 0.212 0.751

6. 0.208 0,732

62 0,206 0,723

63 0.20L  0.713

Interpolated
Values

0 04330 1.195
60 0.210  0.7LO

1 mle aliquots placed in 10 ml. flasks for

1n 102
106 10.0 1.082 2,382
1.080 2.380
1.068 2.369
1.054  2.356
60 0.708  1.957
61 0.70L, 1.952
62 0.696 1,940
63 0.693 1.936

= N

Interpolated
Values

0 1,091 2.390
60 0.708 1.957

Initial  Final Vedian
pH pH pH
[Estimated]
8.00 8,00

color reaction.

7099 1+99

1 ml, aliquots placed in 10 ml, flasks for color reaction.
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Expt. [8], x 10° Time e ln 10e Initial Final Median

No. ] [Min] pH pH pH
[Estimated]

107 5.00 1 0,528 1,664 8,01 8,01

2 0.525  1.658
3 0,523  1.65L
60 0«34 1.227
61 0.339 l.221
62 0,338 1.218
63 04332 1,200

Interpolated
Values

0 0.535 1.676
60  0.3L1 1.228

1 ml. aliquots placed in 10 ml, flasks for color reaction.

In 10e

1 1.19L 2,480 7+96 7.98
2 1,195  2.481
3 1.192  2.478
L 1.188  2.475
60 0.862 2.15L
61 0,850 2,140
62 0.848 2,138
63 0.837 2,125

108 30,0

Interpolated
Values

0 1,210 2,493
60 0.857 2.148

1 ml. aliquots placed in 25 ml. flasks for color reaction,

Approximate amount of hydrolysis in 60 min. = 9 x 1072 H,
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Expt. [8], x 10° Time e In 10e Initial TFinal Median
No. [u] [Min] pH pH pH
[Estimsted]
109 20,0 0.808 2.089 T.98 7499

1
2 0,806 2.087
3 0.800 2,079
L 0.787 2,063

60 0,548 1,701

61 OeBhl  1.694

62 0.5L43 1,692

63 0.5L0 1.686

Interpolated
Values

0 0.813 2,095
60 0.,5L9  1.703

1 ml. aliquots placed in 25 ml. flasks for color reaction,

1n 103

0.322  1.169 7456 756
0.318 1.157
0.312 1.138
06308  1.125
60 0.155 0.438
é1 0.153  0.h25
62 0.1h9  0.399
63 0o1h8 0,392

110 3.00

o O A

Interpolated
Values

0 0.32L  1.177
60 0015  C L3k

1 ml. aliquots placed in 10 ml. flasks for color reaction,



228

Expt. [8ly = 10° Time e In 10e Initial TFinal Median
No. [l (#in] pH pH rH
[Estimated]
111 3,00 0.318  1.157 7453 7653

1 1.15
2 0,312 1.13
3 00308 1,12
i 0,303 1

60 0,150 0Q.L05
61 0,150  0.,LO5
62 0e1h8 04392
63 0,148  0.392

Interpolated
Values

0 0,320 1,162
60 0,152 Q.17

1 ml. aliquots placed in 10 ml, flasks for color reaction,

In lOg
112 3.00 1 0,322  1.169 757 7.57
2 0,318 1,157
3 00,212 1,138
L 0.308 1.)25
60 0.15L4  0.L32
61  0.153 0.L25
62 0.146  0.378
63 0,145 0.372

Interpolated
Valuves

0 0,325 1,178
0

6 0,151  0.l22

1 ml. aliguots placed in 10 ml. flasks for color reaction.
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Bxpt.  [5]) x 19® Tine e in 10e Initiel Final Median
Wo. [u] [Min] pH pH pH
[Estimated]
113 10.0 1.0h2 2,34 T.57 758

1
2 1.037 2.339
3 1.022 2,325
L 1,012 2,315

60 0,525  1.658

61 0,518 1.645

62 0.513 1,635

63 0.503 1.615

Interpolated
Values

0 1.059 2,360
60 0,525 1,658

1 ml. aliguots placed in 10 ml. flasgks for color reaction.

In 109_
1 0.313 1,141 7.56 756

2 0.318 1,157

3 0.312 1,138

L 04303 1,109

60 0,15  0.l32
61 0.1h9  0.399
62 0e1h5 0,372
63 O 1115' Os 372

11k 3.00

Interpolated
Values

0  0.322 1,168
60 0,154  0.433

1 ml. aliquots placed in 10 ml. flasks for color reactiona
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Expt., [S], x 10® Time e In 10e
No. (m] [Min]
115 20,0 1 0.808 2,089
2 0,790 2,067
3 0,786 2,062
b 0,778 2,052
60 0.LLO  1.L82
61 0.435  1.L70
62 04125  1.LL7
. 63 0.122  1.L)0
Interpolated
Values
0 0,813 2,095
60 0,137  1.L75

Initial Final Yedian
pH pH pH
[Estimated]
7455 7.58

1 ml. aliquots placed in 25 ml, flasks for color reaction.

Approximate amount of hydrolysis in 60 min., = ¢ x 107 %1,

1n 103
s 20,0 1 0.789 2,066
2 0,782 2.057
L 0.77Lh 2.0Lh6
60 0,138 1,477
61 0.1433  1.L66
62 0,123 Lo L2
63 0.12).  1.L437
Interpolated
Values
0 0.801 2,080
60 0.135  1.L70

7453 7456

1 ml. aliquots placed in 25 ml, flasks for color reaction.

Approximate amount of hydrolysis in 60 min., =9 x 10~ ¥,
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Expb. [S] x 10° Time e In 10e Tnitial Final

No. Oru] [in] pH pH

1 0,803 2,083 7457
2 0,782 2,057
3 0.787 2,063
L 0.780 2,054
60 Ol i3 1.L88
61  0.L36  1.h72
62 0,430  1.L59
63 0,27 1.L52

117 20.0

Interpolated
Values

0 807 2.088

1 rl. aliquots placed in 25 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 9 x 1072 M,

In lOg

118 10.0 1 0,02  1.391 7456
2 0.401  1.389
3 0.395  L.37h
I 0.388  1.356
60 0.208 0,732
61 0,203 0,708
62 0.198 0,683
63 0,195 0,668

Interpolated
Values

0 0,08  1.L07
0

6 0.20L  0.71h

1 ml. aliquots placed in 25 ml, flasks for coleor reaction.

Median

pH

[Fstimated]

7460

7457
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Expt. [s}o x 10° Tinme e In 10e Initial Final Median
No. (3] [Min] pH pH pH
[ Estimated]
119 20,0 1 0,790 2,067 7456 Te59

2 0.779 2,053
h 0,771 2o OMB
60  0.L30  1.459
61 041422 L.hl0
63 0,413  1.118

Interpolated
Values

0 0.799  2.078
60 0.427  1.b52

1 ml. aliquots placed in 25 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min, = 9 x 107° M,

In 1Q§

1 0,526  1.660
2 0.518  1.6L5
3 06520  1.6L9
L 0,503 1.61%
60 06253 04928
61 0.251 0,920
62 0,248 0,908
63 0.2li2 0,884

-3
.

\
=

120 5.00 i

Interpolated
Values

0 0,53, 1.675
60 0.253 0,928

1 mle aliquots placed in 10 ml. flasks for color reaction,



Expta
No,

121

~233-

{S]o z 10° Time e In 10e
[M] [Min]

5.00 1 0.529  1.666

2 0.515  1.6L7

3 0.515 1.639

n 0.506  1.621

60 0,253  0.928

61 0,252 0,924

62 0,248 0,908

63 .0.2L3  0.888

Interpolated
Values
0 0,533  1.67L
€0 0.254  0.931

1 ml. aliguots placed in 10 ml. flasks for

122

in IQg

10,0 - 1 1.035 2,237
2 1.03Lh 2,336
3 1.015 2,318
L 1.019 2,322
60 0,516  1.6lL1
61 0,510 1,629
62 0,506 1.621
63 0,500  1.609

Interpclated
Values

0 1.056 2.358
60 06516  1.642

Tnitiasl  Final Median
pH pH pH
[Bstimated]
7453 7453
color reaction,
7.55 7456

1l ml. aliquots placed in 10 ml. flasks for color reaction.
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Expt. [8], =x 10° Time e In 10e¢ 1Initial Final Median
No. (4] [Min] pH pH pH
[Fstimated]
123 5.00 1 0,531 1.670 7454 745k
2 0525 1.658
3 0,523 1.65L
L 0,51k 1.637

60 06262 04963
61 06256 04940
62 0,248 04908
63 002L2  0.88L

Interpolated
Values

0 0.5L0 1,686
60 04257 0.942

1 ml. aliquots placed in 10 ml. flasks for color reaction.

1n 103

12l 5.00 1 0.525  1.658 7451 Te51
? 0.518 1.6L5
3 0,51  1.637
L 0.508 1,625
60 0.251  0.920
61 0.2L7  0.90L
63 0.239 0,871

Interpolated
Yalues

0 06533 1.673
60 0,250 0,915

1 ml. aliquots placed in 10 ml. flasks for color reacticn.
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Expt. [S] x 10® Time e In 10e Initisl Final Median

No. orml fitin] pH oH pH
[Estimated]

125 30.0 1.187  2.47L 750 o5k

1
2 1,168 2,458
3 1,160 2,451
L 1.145 2,438
60 0,700 1.9h6
61 0.689 1.930
62 0.683  1.921
63 0,665 1.895

Interpolated
Values

4] 1.189  2.L7€
60 0,694  1.937

1 ml, aliquots placed in 25 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min. = 12,5 x 10™% M.

In lOg
126 30,0 1.180 2.L69 7452 7456
1.166 2,457
1.167  2.h57
1.160 2.451
60 0,69 1,937
61 0,690 1,932
62 0.680 1,917
63 0.674  1.908
70 0,626 1,83l

o N

Interpolated
Values

0 1.195  2.Lh81
60  0.69L  1.937

1 ml. aliguots placed in 25 ml. flasks for color reaction.

Approximate amount of hydrolysis in 60 min., = 12,5 x 10" ° M,
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Expt. [8], x 10° Time e In 10e
No. [M] MMin]
127 10,0 0,410 1.h411

1
2 06392 1.366
3 0.390 l.361
Y 0.388 1,356

61 0,199 0,688

62 0,196 0,673

63 0.192 0,652

Interpolated
Values

0 o.Lohy  1.396
60  0.200 0,694

1 ml. aliquots placed in 25 ml, flasks for

1n 10e

1 1,190 2,477
2 1.178 2.h67
3 1,165 2,456
L 1.170 24,460

60 0,713 1.96L

61 0.71C  1.960

62 0.697 1.942

63 0.689 1,930

128 3040

Interpolated
Values

0 l.20L 2,488
60 0.712 1.963

1 ml. aliquots placed in 25 ml, flasks for

Initial Final Median
pH nH pH
[Estimated]
7452 Te53

color reaction.

color reaction,

Approximate amount of hydrolysis in 60 min. = 12,5 x 10™° M.
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Expt. [8] = 10® Time e in 10e
No. °rul [Min]

129 30.0" 1 L.121 2,417
2 1,121 2,417

3 1.109 2.106

L 1,108 2,405

60 0.668 1,899

61 0,659 1,886

62 0.618 1,869

63  0.638 1.853

Interpolated
Valuss
0 1.139  2.433
60 0.659 1.885

itizl  Final edian
pH pH nH
[Estimated]
7451 T.55

1 ml. aliquots placed in 25 ml. flasks for color reactions

#*

The extinction value for t = 0 indicates, by comparison with

preceding runs, that the substrate concentration is about 6%

lower than the value given.

However, very littlé error is

introduced if it is assumed that the run was made with a sub-

strate concentration equal to 30 x 10™° M.
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 ‘Part Cos Kinetic studies made in the presence of added salts,

Expt. [S]) x 10® Time e In 10¢ Initial TFinal Median
No. (M} [Min] pH pH . pH

[Estimated]
€9 10,0 0.957 24259 6,98  T.00

1

2 0,940 2.241
3 0,923 2,222
I 0.910 2,208
60 0.366 14297
61 0.353 1.261
62 04350 1.253
63 0.342  1.230

Interpolated
Values

0 0,970 2,272
60  0.362 1.286

1 ml. aligquots placed in 10 ml. flasks for color reaction.
Run contains 0,02f MgCls. Cacodylic acid buffer system,

Approximate amount of hydrolysis in 60 min. = 6 x 107° M,

In ng
70 10.0 1,005 2,308 6498 7.00
0.985 2,287
0,975 2,277
0.953 24254
60 0.342  1.230
61 04333 1.203
62 0.328 1,188
63 0.323 1.172

[N

Interpolated
Values

0 1,020 2,323
60 0.341  1.227

1 ml, aliquots placed in 10 ml, flasks for color reaction,

Run contains 0.02f CaCls. Cacodylic acid buffer system,
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Expte {5}0 x 10 Time e In 10e Initizl Final Median
Yo, 1] [Min] oH pH pH
[Estimated ]
92 10,0 1 0,947 2,248 5.91 5.91
2 Qe 91&2 2 e2)-l-3
3 0.938 2,239
4 0.932 2,232
60 0686  1.926
61 0,680 1,917
62 0.67h 1,908
3 0,674  1.908
Interpolated
Values
0 0,952 2,254
60 0.68L  1.923

1l ml. aliquots placed in 10 ml., flasks for coclor reaction.

Run contains 0.,06f NaCl., Cacodylic acid buffer system.

In 10e

93 10,0 1 0.943 2424 5.89 5.89
2 0,940 24241
3 0.948  2.249
L 0,940 2.241
61 0.6L5 1,864
62 0.6L5 1.86L
63 0,66  1.866
6l 0.6L0 1.856

Interpolated
Values

0 0,956 2.258
60 0.65L 1.878

1 ml. aliquots placed in 10 ml, flasks for color reactiocn,

Run contains 0.02f CaClz., Cacodylic acid buffer system.
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Expt. [S]) x 10° Time e In 10e
No. ~ ] [Min]
ol 10,0 1 0.958 2,260
2 0.95L 2,255
3 0.9L5 2,246
L 0,933 2,233
60 0,702  1.9L49
- 61. 0.702  1.949
62 0,690 1.932
63 0.690 1,932
Interpolated
Values
0 0.960 24262
60 0.702  1.949

Initial Final Median
pH pH pH
[Estimated]
5.9k 5494

1 ml. aliquots placed in 10 ml. flasks for color reaction.

Run contains 0.02f MgCl,.

Cacodylic acid buffer system.
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TABIE L

Check of Calculations of Initial pH

(8], x 10° Ratio Observed Calculated
[M] Amine:Salt pH pH
80 10 8478, 8476 8.79
6k 10 8480, 8,81 8482
32 10 8492 849k
21,3 10 8498 9.00
12,8 10 9+0L, 9403 9405
6.l 10 9410 Sell
5 100 8.16 8.16
S 940 9.0k 9.06
5 0.35 770 T+70
5 35k 8.70 8468
70 9 8479 8479
70 2 8463 8466
70 1,0 8412 8.11

70 0.5 7.82 7¢83
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TABIE LI
Experimental Observations for the Alpha-chymotrypsin-catalyzed
Hydrolysis of Acetyl~-L-iyrosinhydroxamide.

Enzyme concentration = 0.0L0 mg. protein nitrogen/ml. |

Temperature = 259, Buffer 0.3f in organic component except where
othermise noted.

e = extinction observed at 515 millimicrons.

[S]le = initial substrate concentration.

£, = correction factor for first order plots as described in
the section on experimental results and calculations. The “K,I",

"Kp", and “KI" values listed under £, refer to the approximate
constants used in the computation of f£;. They are expressed in units
of 10™° M,

The initial pH is that obtained either from knowledge of the pH of
the blank for low pH's, where the substrate does not ionize, or by
calculation as described above for the pH regions where substrate
ionization is important. The final pH is that obtained by direct
observation.

The table is divided into several pa:u'ts.

Part A, Runs made with cacodylic acid-sodium cacodylate buffer, No
inhibitors added,

Part B, Runs made with cacodylic acid-sodium cacodylate buffer. In-
' hibitors added.

Part C. Runs made with potassium phosphate buffer. No inhibitors
added.

Part D. Runs made with ethylenediamine~hydrochloric acid buffer, No
inhibitors added, '

Part E. BRuns made with hydroxylamine-hydroxylamine hydrochloride
buffer. No inhibitors added.



Part F.

Part G.

Part H.

Part A,

Expt .
No.

9b

~2i3=
Runs made with tris-(hydroxymethyl)-aminomsthane-~hydrochloric
acid buffer. No inhibitors added.

Runs made with tris-(hydroxymethyl)-aminomethane-hydrochloric
acid buffer. Calcium chloride added.

Runs made with tris-(hydroxymethyl)-aminomethane-hydrochloric
acid buffer., Inhibitors added.

Runs made with cacodylic acid-sodium cacodylate buffer. No

inhibitors added.

[5], x 10° Time e 1ln g £y Initisl  Final
(] [Min.] pH pH
150 0 2 10800 00 588 KS = 70 6‘20 6. 20

5  1.756 0.564 Kp = 20
10 1.713 0,538

12 1,685 0,522

20 1.601 0471 0,976
30 1.512 0.kl 0,961
45  1.400 04336 0,950
60 1,281 0.248 0.936

1 ml. aliquots placed in 10 ml. flasks for color reaction.

10

1n 108

5400 2 0,604 1.798 Kg =170 6420 6.19

10 0.565 1.732 0.995
20 0.531 1.690 0,990
30 0.499 1.607 0,985
Lo 0.465 1,537 0.985
50  0.h38 1.477 0.980
60 0.110 1.411 0,970

1 ml. aliquots placed in 10 ml. flasks for color reaction.



Expt. [8] =x 10® Tine
No. ©u] [Min.]

11 70.0 2

1 ml, 2liquots placed in 50

12 30.0 2
5
10
20
30
ho

50
60

2y

&

1,880
1,860
1.817
1,762
1.69L
1.637
1,588
1.5k9

In e

04631

04620
04597
04566
04526
0sL93
0.4462
001(37

o

iy

KS = 70
KpAz 20

0,965
04936
04920
0,905
0.900

Initial
pH

6420

ml, flasks for color reaction.

1577
.55,
1,516
1.h30
1.363
l.321
1,243
1,196

In e

0.456
O.hl
0116
0.358
06310
0,278
0,218
0.1.79

Ky = 70

&g‘: 20
.00

0.964
0.9kk
0.936
0,930
0.869

6420

1 ml. aliquots placed in 25 ml, flasks for color reaction.

Léb 7040 2

5
10
20
30
Lo
50
60

1.833
1,783
1,724
1,668
1.52}
1159
1.388
1.320

In e

0.606
0.578
04545
0.511
0.4121
0378
0.328
0.278

Kg = 60

0,960
0.910
0.903
0,891
0.875

6,62

1 ml. aliquots placed in 50 ml. £lasks for color reaction.

Final
pH

6418

6419

6451



~2)5-

Expt. [S] x 10°  Time e In 10e £, Initial Finsl
No. [u] [Hin., ] oH pH
Iy 4040 2 1045 24347 Kg =60 6662 6455

5 1l.01h 2,317 Ky =20
10 0,960 2,262 0.997
20 0.893 2,189 0.943
30 0,821 2,105 0.920
Lo  0.770 2,041 0.896
50 0,708 1.957 0.880
60 04656 1,881  0.861

1 ml. aliquots placed in 50 ml. flasks for color reaction,

| ~ 1nloe | |
5 0.543 1,692 Kp =20
10 0,503 1.615 '
20  O.hld  1.h8L  0.98L
30  0.389 1,358  0.975
LO 0,338 1,218 0,966

50 0,293 1,075 0,961
60 04258 0,948 0,956

1 ml, aliquots placed in 10 ml. flasks for color reaction.

| In ¢ |
L9 16.0 2 1.890 0.636 Kg = 60 6462 6455

5 1.828 0,603 K,=20

10 1.719 0.511 8;980

20 1,537 O30 0,960

30 1,371 0,316  0.941

LO 14227 00204 0,926

50 1,110 0,104 0,911

60 1.008 0,008 0,901

1 ml, aliquots placed in 10 ml, flasks for color reaction,



Expt. [S]o x(lO3 Time
No. [u] [Min. ]

50 11,80 2
b3
6

10
20
30
Lo
50

2416~

£

0. 560

0.5h7
0e535
¢, 506
0el439
0.383
0.337
0.296

in 10e

le723
1,699
1677
1.621
1.479
1.343
1,215
1,085

£, Initial
pH

Kg = 60 6463

0.890
0.973
0.969
0,960

1l ml. aliquots placed in 10 ml., flasks for color reaction.

51 4,80 2

04561

0e5L5
0505
0.hLi0
0,381
0.336
04297
0.259

n 108

1.725
1,696
1.619
1.482
1345
1,212
1.089
0.952

Ks = 60 6.63 .

K 20

p.
0.983
0.975
0.967
0.961
0.955

1 mi, aliquots placed in 10 ml, flasks for color reaction,

Same buffer solution as that used for Run 50,

52 70.1 2

1.850
1.786
1,752
1,626
1,540
1.450
1.390
1.322

1n e

0,615
0.580
0.561
0.1486
0.432
06372
06330
0.279

KS = 60 6. 63
Kp =0

P

0.966

0.935

0.908

0.896

04879

0.871

1 ml. aliquots placed in 50 ml. flasks for color reaction.

Same buffer proportion as that used in Run 53,

Final
pH

6.60

See run

50

See run

53



Expt. {S]o x 10°  Tine
No. [u] {iin. ]

53 70.1 2

~247-

1.841

1.795
1,736
1.618
1,534
1461
1.390
1.329

in

jo

0.611

04,585
0.552
0.481
0,128
04379
04330
0428l

f1

Kg = 60
= 20

0950
0533
0.911
00902
0881

- 0,865

Initial
pH

663

1 ml, aliquots placed in 50 ml. flasks for color reaction.

sk 7014 2

1 ml. aliquots placed in 50

55 39.8 2
5
10

15
20

25
35
L5

1.821
1,768
1.684
1,613
1.54kL
1,493
1,368
1.280

In e

0,600 Kg = 55
0,570 K,= 35
0.521  B.970
0.478 0.975
O.li3h 0,973
0401 0,970
0.3 0,955
0e246 0,950

6495

ml. flasks for color reaction,

1,028
0,982
0,923
04870
06812
0,767
0.696
0.625

1n 10e

24330
2.28L
24222
2.163
2,094
2,037
1.940
1.833

Ky = 55
K=35
5989
0.981
0.97hL
0.966
0,960
0.951

6095

1 ml. aliquots placed in 50 ml. flasks for color reaction.

Firal
pH

6452

6.83



Expt. Tine

{s], x 103
No.

[a]

56 178 2

1 ml, aliquots placed in 10

57 15.95 2

5
10

15
20

25
35
L5

1l ml. aliquots placed in 10

76 4,78 2
10
20

30
45
60
75
90
1 ml. aliquots placed in 10

[Min, ]

e In 10e £, Initial
pH

0s55h 1.712 K = 55 6495
075 1.558

0420  1.35

06379 1.332

04343 1233 06990

06281 1,033 0,988

06228 04824 0.981

mle, flasks for color reaction.

n e
1.871 0:626 Kg= 55 6495
1.770 0571 Kp= 35
1.616 0,480
1,450 0,399 '
1,368 0.3y  0.980
1,268 0,238 0,975
1,072 0.070  0.965
0912 =0,092 0,960

ml. flasks for color reaction.

1n 10e

06596 1785 Kg= 70 6420
0,566 1,733 K _ = 20

0,522 1,653 P

0,489 1,587 0.986

04439 1479 0.980

04399 1.384 0.971

06360 1,291  0.966

0.328 1,188 0,960

ml, flasks for color reaction.

Final
pH

6.92

6491

620



Expt. [S] x 10® Tinme

&

Noe orm] [Min.]

80 70,0 2

1 ml. aliquots placed in 50

8k 397 2

5
10
20
30
Lo
50
60

1 ml. aliquots placed in 50

9la L0.0 2

-2),9~

1.880
1.841
1.80L
1,741
1,678
1.616
1.577
1.527

06631
C.611
04591
Oe¢ 551
04517
0.480
04456
0.423

£ Initial
pH

Ks =70 6020

Ky =20

0,968
0.936
0,918
0,901
0.895

ml, flasks for color reaction. |

1.0%0

1,075
1,046
0,998
0,951
0.920
0.886
06840

1n 10e

24389

2.375
2,348
24301
2,252
2,219
2,182
2.128

Kg = 70 6420
Kp =20
0.965
0,936
0.929

0,920
0.906

ml. flasks for color reaction.

1.058
1.046
1,020
06969
0.928
04895
0.860
0.819

1n 10e

24359
24348
2,323
2,271
24228
2,192
2,152
2,103

Kg =70 6420
Kp =20

0,959
0.9k
0.926
0.919
0.902

1 ml. aliquots placed in 50 ml, flasks for color reaction.

Finsl
pH

6.1k

6420

6419
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Expt. [S] x 10® Time e In 10e £, Initial Final
No. °{m] [Min. ] pH pH
93b Le78 2 0,596 1.785 Kg= 170 6420 6421

5 0,581 1,760 Kp= 20
10 0,560 1,723 .

20 0,520 1,649 0,986

30 0.48L 1,577  0.98L

LO 0448 1,500 0,980

S0 0.418 1,430 0,975

60 04391 1.36Lk 0,970

1 ml. aliquots placed in 10 ml, flasks for color reaction.

In o

104 16,0 5 1.903 0s6kl Kg = 70 6620 6,21
20 1 747 04558 xg: 20
Lo 1,561 Okl +955
60 1,397 0.33L 0939
80 1,262 0,232 06921
100 1,131 0,123 0905
120 1,034 0,033 0,890
153 0882 «0,126 0876

1 ml. aliquots placed in 10 ml. flasks for color reaction.

in 10 | _
109 40,0 2 1,068 2,369 K =170 6,20 6,18
5 14056 2,357 Kp= 20

10 1,032 2,335 1,00

20 0,987 2,280 0,965
30 0,941 2.,2h2 0,936
LO 0,903 2,200 0,931
50 0871 2.36Lh 0,919
60 0,835 2,322 0,910

1 ml, 2liquots placed in 50 ml, flasks for colér reaction.
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Expt. 8] = 10®  Time e in 10e £, Initizl  Final
No« (] [Hin. ] pH pH
112 - 180 2 0,593 1780 Ky =70 620 6,19

5 00586 1.768 Kp = 20
10 00565 1,732 '
20 04526 1.660 0,985
3¢ O 191 1591 0,984
LO 057 14520 0,979
50 0.ki27  1.hs52 04976

1 ml, aliquots placed in 10 ml. flasks for color reaction.



~252=

Part B, Runs made with cacodylic acid-sodium cacedylate buffer,
Inhibitors added,

Expt. [8]  z 10° Time e In ¢ £, Initial  Finel
No, {um} [Min., ] pH pH
h 3948 2 1072 040695 Kg = 75 6420 6417

10 1,063 0.,0610 Kp, = 20
20 1,045 0.0hh Ky= 2
30 1,038 0,037

k5 1,005 0,005 T
60 04982 0,018 0,991
75 0,966 =0.035 0.980
90  0.943 =0,059 0,975

1 ml, aliquots placed in 10 ml. flasks for color reaction.
6.0 x 10™° M acetyl-D-tryptophanamide added,

n e

75 70k 2 1,900 0.6l Kg=1T75 6420 6420

10  1.866 0.62L Kp = 20

20 1852 0,616 Ky= 2

30 1,823 Q.601 “

b5 1.792 0,583 0,99k

60 1,767 0.569 0,988

75 1731 0.5L9 0,976

90 1.700 0.53L 0,976

1 ml, aliquots placed in 50 ml, flasks for color reaction.
6.0 x 10™° ¥ acetyl~D-tryptophanamide added.

1n 10e

77 Le78 2 0,60k 14798 Kg=T5 6,20 6,20
10 0,598 1,788 Kp = 20
20 0,584 1,765 Ky = 2
30 0.579 1.7%6
b5 0,562 1,726
60 0,551 1,707 0,998
75 0,548 1.701 0,998

i

I

1 ml. aliquots placed in 10 ml, flasks for color reaction.
6.0 x 10> ¥ acetyl-D-tryptophanamide added,



=253

Expt. [S], x 10®  Time e in 10e £, Initisl Final
No. [uj [Min.] pH pH
78 4,78 b 0,586 1,768 K. =75 6420 6420

10 04576 14751 Kp = 20
20 0,560 1,723 Kp= 2
LO 0,522 1,653

60 0,189 1.587

80 0,160 1,526 ’

100 0.h27 1.ii52 0,990
120 000 1,386 0,988

1 mls aliquots placed in 10 ml, flasks for color reaction.
2,146 x 10 ¥ acetyl-D-tryptophanamide added.,

In g S

10 14935 0s660 Kp = 20

20 1,870 0,626 XK1= 2

4O 1,760 04565 o

60 1.648 0,500 0,979

80 1,560 O.LL5  0.977
100 1468 0.384 0.971
120 1,392 06330 0,960

1 ml. aliquots placed in 10 ml. flasks for color reaction.
2,46 x 107> M acetyl-D-tryptophanamide added.

| In e | |
81 66o4* b 1760 0,565 Kg =175 6420 6.16

10 1,743 0,555 Kp = 20

20 14695 0,527 Ky'= 2

W0 .61 o7 Bioma
60 1,554 Ol 0,952
80 1,505 0.L09 0.9k

100  1.k50 06372 04934

120  1,L00 0,336 0,926

1 ml, aliquots placed in 50 ml. flasks for color reaction.
2,46 x 10™° ¥ acetyl-D-tryptophanamide added.

# Extrapolation to zero time indicated that a weighing error had been
made, and that the actwal concentration was less than that intended
(70 x 10=° M). The value given is that estimated from a comparison
of the zerc time extinection of this run with those of other runs
made at the same time (80 and 82),



Expt. [8], x10°
Ho. (]

82 39,8 L

8o
100
120

~25]-

£

1.060
1,042
1,012
0.962
0,918
0.880
0.8h3
0.806

In e

0,058
0s0L1
0,012
=0.,039
0,086
=~0,128
=0.171
-0.216

£, Initial
pH

KS = 75 6. 20

KP =20
KI = 2
0,981
04966
0.960
0.950
0.939

1 ml, aliquots placed in 50 ml. flasks for color reaction.

2.46 x 10=° ¥ acetyl-D-tryptophanamide added.

83 70,0 L
10

20

Lo

60

80

100

120

1.9i1
1.915
1.880
1.800
1.720
1.658
1,602
1,545

1 ml, aliquots placed in 50 ml. flasks for color reaction.

2.16 x 1077 ¥ acetyl-D-tryptophanamide added.

85 1481 kL
10
20
40
60
81

100
120

0.591

0.585
0,563
0,528
0,497
0.l166
Oghho
o.h11

1n 10g

1777
1.766
1.728
1,66l
1,603
1.539
1.482
1113

0.988
0.987

1 ml. 2liquots placed in 10 ml, flasks for color reaction,

2,46 x 10~ ¥ acetyl-D-tryptophanamide added.

Final

6420

641L

6421
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 Expt. [S], x10° Time e In o £, Initial Final
No. [n] [Min.] pH pH
92 70,0 L 1849 0,614 Kg=1T75 620 615
10 1.812 0.595 K, =20

20 1.762 0,566  0.979
O 1.663 0.509 0,948
60 1,588 0,462 0.920
80 1,507 0.0 0,911
100 1453 04374 04895
J20 1.393 04322 0.876

1 ml. aliquots placed in 50 ml. flasks for color reaction.

30 x 10~ ¥ acetyl-L-tyrosinamide added.

| in 10 , .
93a 40,0 5 .05k 2.355 Kg=T75 6420 6.19
10 1.03k 2,336 K= 20

20 0,996 2,299 0,948
4O 0.935 2,235  0.952
60 0,876 2,163  0.935
80 0.820 2,104 04920
100 0,770 2.01h 0.906
120 0,737 1.997  0.894

1 nml. aliquots placed in 50 ml. flasks for color reaction.
29.9 x 10~ M acetyl-L-tyrosinamide added.

1n 108

95a L.78 L 0“592 1,778 KS =75 6420 6421
10  0:575 1.7W9 Kp =20
20 0.5k8 1.701 Ky =60
Lo O hTh 1,556 '
60 0,150 1.504  0.988
80 0.1409 1,409  0.980
100 0,372 1,314 0,976
120 0,340  1.22L4 0,975

1 ml. aliquots placed in 10 ml, flasks for color reaction.
30 x 10™° M acetyl-L-tyrosinamide added.



Ekpt. 8], x 10°  Time

o. [u]

96a 15,91 L
10

[Min.]

1,952
1,900

1.822
1,658
1.534
ln ).&2 2
1,307
1.213

0.352
0.268

0.193

1 ml. aliquots placed in 10 ml., flasks for color reaction.

30 x 10~° M acetyl-L-tyrosinamide added,

105 16,0 L

1,956
1,931
1,890
1.809
1.730
1.655
1.585
1.526

In ¢

0.670
0,658
0,636
04592
0.5L8
0,504
0.hé1
0.l22

KS ) = 75 60 30
Kp =22

KI =22

0.991
0.988
0.986
0,980

1 ml. aliquots placed in 10 ml. flasks for color reaction.

L8 x 1073 ¥ acetyl-L-tyrosine added,

l07 70.8 b
10
20
Lo
60
80

100
120

1:897
1.887
1.848
1,763
1.742
1,688
1,653
1.605

In ¢

0.640
04632
0,614
0.578
04550
0,523
04502
0.473

Kg =75
Kp =20
0.980
0,976
0.961
04959
06950

1 ml. aliquots placed in 50 ml. flasks for coler reaction.

hh.8 x 107 ¥ acetyl-L~tyrosine added,

6. 20

Final

pH

620

6g 30

6,18



 Expt. [S}o x 10°  Time
No. (M} [Min.]

108 40,0 b
10

20
Lo
60
80

100

120

=257

£

1,983
1,067
1,052
1.010
0,975
0.9h48
0,915
0,888

In 10e

2:383
24368
2,354
2.304
2.277
2219
2,21}

2,18

fq Initial
pH

Ky = 75 620
Kp = 20
KI-= 20

0.983

0,973
0.970

- 0,965

1 ml. aliquots placed in 50 ml. flasks for color reaction.

L5.1 x 107> M acetyl-L-tyrosine added,

110 16.0 L
10
20
Lo
60
80
100
120

1.972
1.950
1.910
1.82%
1.760
1.680
1.624
1,553

in e

0+680
0,668
04647
0,601
0.565
0.519
0.485
0.1Li0

Kg = 75 6.20
Kp = 20
KI“: 20

0,990
0,985
0.985
0.983

1 ml. aliquots placed in 10 ml. flasks for color reaction.

15.0 x 103 ¥ acetyl-L-tyrosine added,

111 - he80 L
10

20
Lo
60
80

100

120

0+595
0:589
0575
0.551
0.525
04504
0.1478
0.1159

1n 108

1.783
1.773
1.7h9
1.707
1,658
1,617
1,564
1.52h

K .

o o

2
2

ftou

Hm"d

0.996
04993
0,902

1 ml. aliquots placed in 10 ml. flasks for color reaction.

L6 x 10~° M acetyl-L-~tyrosine added.

Final

£

6420

6+20

621
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Expt. [S], z 10® Time e 1n 10e £, Initisl
No. (1] [Min,] pH
123 80 L 0,586 1.768 Kg= 60 6460
10 0,574  1.747 = 20
20 04557 1.717 Ky = 20

O 0.530 1,668
60 0,96 1.601
80 Oh71 1,55
100 OB  1.500 0.996
120 0,422 10 0.991

1 ml. aliquots placed in 10 ml, flasks for color reaction.
902 x 10™° ¥ acetyl-L-tyrosine added.

in 103

2L .80 b 0571 172 Kg = 50 6.81
: 10 0,555 1.7l Kp = 30
20 0,532 1.671 Ky = 30
Lo o.h80 1,569
60 O.Lho  1.h82
80 0.h02 1,391
100 0,369 1.303 B
120 04337 1,215 0,994

1 ml. a2liquots placed in 10 ml, flasks for color reaction,
90 x 10~° M acetyl-L-tyrosine added.

1n 10p

128 180 b 0.59h 1.782 K =50 6,20 2

10 04582 1.761 Kp = 20
20 00561 1,725 Kp = Lo
4O 0.528 1,664

60 0.498 1,605

80 0.h66 1.539 o
100 O.hl0 1.L82 0,990
120 o2 1.6 0e991

1 ml., aliquots placed in 10 ml. flgsks for color reaction.
55.4 x 10™° M Letyrosinamide added.

Final
pH

6.57

6.81

6415
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Expb. [S], x 10° Time e In 10e  f, Initial
Ne. (] (Min. ] pH
129 L.80 L 0576 1.751 Kg= Lk 6489

10 0e552 1,708 Kp = 30
20 0,518 1,645 Ky = 22
Lo 0.h50 1,50k
60 0,399 1,384
B0 0.35 14270
100 0,311 1,135 0.996
120 0,270 0,993 04958

1 ml. aliquots placed in 10 ml., flasks for color reaction.
55.4 x 10™ M L-tyrosinamide added.

Final
pH

6.89



Fart Co Runs made with 0.3f potassium phosphate buffer. No in-

hibitors added,

Expt. [S], x 10° Time
No. [m] [Min.]

66 15.95 2

5
10
15

20
25
30
33
1 ml. aliquots placed in 10

67 La78 2

-260-

1,181
1,119
1,005
0915
04830
04750
04672
04611

241169
2:1a5
2.308
2,21}
2.116
2,015
1,905
1.810

Kg= 50

Kp= 50
No cor-
rections

Initial
pH

Tel2

ml. flasks for color reaction.

0.362
04332
04292
04254
0.211
0,199
0.178
06160

1n 10e

1.287
1.200
1.072
0.932
0o 747
0,688
06577
0.470

No cor=
rections

7012

1 ml. aliquots placed in 10 ml, flasks for color reaction.

68 69.8 2

1.071
1.0L5
0,998
0,938
0.900
0.858
0.822
0,778

In 10e

24372
2.348
2.301
24239
2,197
2,147
2,107
2.052

Kg = 50
:50

0 cor-
rections

7.12

1 ml. a2liquots placed in 50 ml. flasks for color reaction.

Final
nH

iy

Tedl

Tel2

T+05
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Expt. [8], x 10 Time e In I0e f, Initizl Final
No. ° I} (Min, ] pH pH
69 39.9 2 0.620 1.825 X, 50 Te12 705

5 0,601 1.793 K, 50

10 0,563 1.728 No cor-
15 0,51 1.637 rections
25  0.132 1,163
30 Ol.k12 1.k16
35 0.379 1.332

1 ml, aliquots placed in 50 ml. flasks for color reaction.
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Part D, Runs made with ethylenediamine-hydrochleric acid buffer.

No inhibitors added.

Expt. [8], x 10®  Time
No. - [M) [Min.]

70 15,92 2
5
10

15
20
25
30
35

1l ml, aliquots placed in 10

71 Le77 2
5
10
15
20
25
30
35

1 ml, aliquots placed in 10

72 3948 2
5

10
15
20
25
30
35

1.970
1.857
1.652
1.k73
1,318
1.178
1.0h6
0.923

In ¢

0,678
0,619
0.501
04387
0.276
0.164
0.0L45
-0,080

KS = 50

K, = 50
P

No cor-~
rections

Initial
pH

Te31

ml. flasks for color reaction.

0.581
0.535
0.L65
0.1:03
0,352
0.30L
0.266
0.230

In 10e

1,760
1.677

1.537
1.394
1.258
1,112
0.978
0.833

Kg = 50

K. =50
P

No cor-
rections

731

ml. flasks for color reaction.

1.013

0.958
0.890
0.82}
04758
0.689
0.637
0.593

In 10e

2.316
2,260
2.186
2,109
2.026
1.930
1.852
1.780

Kg = 50
Kp = 50
No cor-
rections

731

1 ml. aliquots placed in 50 ml. flasks for color reaction.

Final
rH

7427

Te29

7.20
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Fxpt. [S}o x 10® Time e In e
No. [} [Min,]

73 70.1 2  1.79h 0,584
5 1.738 0.552

10 1,640 0O.L9L

15 1,551 0.L39

20 1l.65 0.382

25 1,382 0.22h

30 1.309  0.269

35 1,238 0.214

£y Initial
pH

K 50 Te31

K, 50

No cor-

rections

1 ml, aliquots placed in 50 ml. flasks for color reaction.

Final
pH

7416



' Part E, Runs made with hydroxylamine-hydrochloric acid buffer.

=26l

No inhibitors added,

Expt. [8], x 10° Time
No. [m] [Min.,]

62 16.0 2

3
10
15
20
25

30
35
1 ml. aliquots placed in 10

63 4,80 2
5
10
15
20
25
30
35

1 ml, aliquots placed in 10

e 40.0 2%
2
103
15i
2
25%
308
352

2.112
1.890
1.709
1.550
1.7
1.305
1,180
1.073

0. 718
0.636

0.536
0.438
0.348
0,266
0,165
0.070

£, Initial
pH

Kg = L0 7.15
szm
No cor=
rections

ml, flasks for color reaction.

0,615
0.571

0.509
04L57
0.407
0e 360
0.325
04290

1n 10e

1,816

1.742
1.627
1.520
1.LokL
1,281
1.179
1.065

Kg = Lo 7.15
No cor-
rections

ml. flasks for color reaction.

1.026
0.981
0.918
0848
0.798
04753

0470k
04666

In 10¢

2.329
2.283

2,217
2,138
24077
2,019
1,952
1.896

Ks = ho 7015
Kp = )-lO
No core
rections

1 ml. aliquots placed in 50 ml. flasks for color reaction.

Final

&

7.01

7.15

6.92



Expt.  [s] ) x 10° Time
No. [u] [Min.]

65 70.2 2

5
10

15
20
25

30
35

«265=

1. 812
1.758
1,678
1.602
1,527
1.485
1.h422
1.358

in e

0,595
0,56}
0.517
0.471
0.423
0.396

04352
0.306

H

Kg = ko

K. = Lo
P

No cor-

ractions

Initial
pH

7.15

1 ml. aliquots placed in 50 ml. flasks for color reaction.

Final
rH

6,88
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Part F, Runs made with tris-(hydroxymethyl)-aminomethane-hydrochloric

acid buffer. No inhibitors added.

Expte [S] x 10° Time
Wo. O1u] [Min.]

1 10.0 2

5
10
20
25
30
35
Lo

1 ml, aliquots placed in 10

2 3.00 2
5
10

15
20
25
30
35

1 ml. aliquots placed in 10

3 30.0 2

5
10
15
20
25
30
35

1 ml. aliquots placed in 25

e In iCe £, Initial  Final
pH pH

1,269 2,541 Kg = 43 7.70 7.67
16180 20&68 Kp = 85

1,045 2.347

0.839 2.127  1.017

0.745 2.008 1,020

0,658 1.884  1.025

0,581 1,760  1.030

04518 1.645  1.032

ml. flasks for color reaction.

1n 10e

0.398 10381 KS = h3 7070 .7070
0.314 1.1k No cor-

0.279 10026 rections

0.242 0.884

0.215 0.765

0.190 0,642

0,165 0,501

ml. flasks for color reaction.

n e

1.565 OMh8 Ko =43  7.70  7.58
1490 04399 Kp = 85

1.357 0.305 1,016
1.240 0,215  1.025
1,130 0,122  1.033
1,026 04,026 1,040
0,928 =0,075 1,050
0.837 ~0.178 1.059

ml. flasks for color reaction.



 Expt. [S] = 10® Time
No. °ru] [#in.]

L 50.0 2
5

10
15

20
25
30
35

~267-

1.345
1,278
1,190
1.099
1,022
0.950
0.880
0. 808

in e

06296
0e245

0,174
0,091
0,022
~-0,051
-0,128
«0,213

Initisl
pH

Kg = L3 7.70
Kp = 85

1.018

1.930

1.040

1,048

1,059

1,063

1 ml, aliquots placed in 50 ml. flasks for color reaction.

5 70.0 2
5

10
15
20
25
30
35

1,888
1.818

1.717
1.59L
.o
1.400
1.321
1.227

In e

0,635
0.697
0.5l1

O.h66

0,400
0.336
0.278
0,204

Ks= )-l3 7062

Kp = 85
1,022
1.030
1.040
1.048
1.057
1,065

1 ml. aliquots placed in 50 ml. flasks for color reactien.

6 3.00 2

5
10

15
20

1 ml., aliquots placed in 10

7 10.0 2

0.387
0.353
0.308
0,262
04230

1n 10e

1.353
1,261
1,125
04963
0.833

K. .= 85
1.010
1,010

ml, flasks for color reaction, ‘

1,309
1.217
1,060
0.940
0.817
0.721
0.63L
0560

1n 10e

24572
2.1499
2.361
2.241
2,100
1.975
1.847
1.723

Ks = h3 7062
Kp= 85

1.020
1.020
1.027
1,027
1.034

1 ml, aliquots placed in 10 ml., flasks for color reaction.

Final
pH

7450

7.30

7459

7456



Expt. [s], x 10° Tine
No. [u] [Min, ]

8 30490 2
5
10
15
20
25
30
35

1 ml, aliquots placed in 25

Sa 50.0 2
5
10

15
20

25

30

35
1 ml, aliquots placed in 50

19 39484 2

5
10
20

30
Lo
50
60

1 ml. aliquots placed in 50

~268=

& In ¢ £, Initial
pHE

1»0576 0-1;55 KS = h3 7062
L490 0,399 K= 85

1.353 0.302 1.017

1.230 0,207 1,025

l.114  0.108 1.036

1.002 0.002 1,041

0,910 =0,094 1,051

04830 -0.186 1,060

ml, flasks for color reaction.

In lOg

1.323 20589 Ks - ,-!-3 7062 ‘

1.273 2545 Kp= 85
1.176 2.465  1.018
1,095  2.39% 1,029
1,007 2.310 1,940
0,937 24238 1,048
0.870 2,163  1.055
0.808 2,089  1.065

ml, flasks for color reaction.

1n 10

1.082 2,382 Kg= 120 8,90
1,06l 2,365

1,038  2.340 Values

0.969 2 02 71 from

00923 2,222 Fige 4

0.869 2,162

0,811 2,093

0.758 2,026

ml. flasks for color reaction.

Final
pH

Tek3

733

8480



Expb. |

n

20 69.02 2

] ]0 x 10° Time
No. [M] [Min.]

-269-

1,860
1,850
1.790
1.683
1.582
1.493

1.379
1.288

In e £, Initial
pH

0,620 Kg =120  8.81
0.615

0,582 Values

0,521 from

0.1159 Fige L

0.401

0.33h

0.253

1 ml. aliquots placed in 50 ml., flasks for color reaction.

23 40,0 2
5

10

20

30

L0

50

60

l' 061
1.043
1.003
0.951
0.890
0.839
0.780
0.739

in 103

2.345
2.306 Values
2,252 from
2:127
2,05}
2.000

1 ml. aliquots placed in 50 ml. flasks for color reaction.

2l 6944 2

1.848
1,810
1,767
1.6hL
1.550
1.451
1.350
1.260

In e

0.615 Ks - 120 8'81
04593 -
0,570  Values

01197 from

0,438  Fig. kL

0,372

04,300

04231

1 ml. aliquots placed in 50 ml. flasks for color reaction.

Final
pH

8.65

8,82

8470



Bxpt. [S]  x 10°  Time e

No. [M] [Min.]

25 16,00 2 2,160
5 2,125
10 2,060
20 1,940
30 1.858
Lo 1.762
50 1,650
60 1,580

In e £ Initial
pH

0.770 Ky = 120 9.03
0.753

0.722 Values

0,663 from

0,620 Fige ‘4

0.566

0.500

0.1457

1 ml. aliquots placed in 10 ml. flasks for color reaction.

26 4,80 2 04640
S 0635

10 04,615

20 0,589

30 04564

4O 04535

50 0,510

60 0,490

1n 10

10856 KS = 120 9010
1.8h8

1,816 Values

1.7173 from

1.730 Fig. 4

10677

1.629

1.589

1 ml. aliquots placed in 10 ml. flasks for color reaction.

27 5,00 2 0.641
5 0.595

10 0.5h1

20 O.Lho

30 04353

40 0,282

50 0.230

60 0,186

1n 10e

1.858 K = 70 8,16
1.783

1,688 Values

1.h82 from

1,261  Fig. L4

0,937

0.833

0,621

1 ml. aliquots placed in 10 ml., flasks for color reaction.

Final
pH

8.98

9.09

8el2
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Expt. [8]. x 16® Time e In 10e f2 Initial  Final
No. °ru] [Min.] pH oH
28 5.00 2 0,666 1896 Kg =120 9,05 9.01

5 0,661 1.889

10 0,638 1.853 Values
25 04595 1.783 from
ho 0,558 1.719 Fige )
55 0,518 1.6L45

70  0.478 1,56l

85 0.8 1,400

1 ml. aliquots placed in 10 ml. flasks for color reaction,

In 10e

29 5.00 2 0,629 1.839 Kg= U3 7.70 7.68
5 0578 1.754 Kp= 85 -
10 0,502 1,613
15  0.h37 1.472
20 0,380 1,335 1.011
25 0.333 1.203 1,013
30 0,287 1,054 1.017
35 0.249 0.912 1,020

1 ml. aliquots placed in 10 ml, flask for color reaction.

In 10e

30 5.00 2 0,660 1.887 Kg= 105 8,70 8.9
5 0633 1.845
10 0,605 1,800 Values
20 00551 1.707 from
30 0.495 1,599 Fig. 4
4O OB  1.499

1 ml, aliquots placed in 10 ml. flasks for color reaction.

In e
5 2,030 0,708

10 1.903 O.6hh  Values
20 1,708 0.535 from
30 1.535 0.428 Fig. L
ho 1,377 0.320
50 1.220 0,199
60 1,098 0.09L

1 ml, aliquots placed in 10 ml. flasks for color reaction.
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Expt. (8] x 10® Tine e in e £, Initial Final
0. 1) [Min.] pH oH
32 L.76 2 0.606 1.802 Kg =105 8467 8466

5 0,602 1.795

10 0. 5 60 1. 72 3 Values
30 0.i52  1.509 Fig. L4
4O 0,405  1.399
50 0.365 14295
60 0,322 1.169

1 ml, aliquots placed in 10 ml. flasks for color reaction.

In 10e
33 39.67 2 1,016 2,319 Kg =105 8463 8.53
5 0.987 24290 .

10 0.947 2.248 Values
20 00866 2.159 from
O  0.722 1.977

50 04650 1.872

60 0,592 1.718

1 ml. aliquots placed in 50 ml. flasks for color reaction,

In ¢

3k 65.8%* 2 1,710 0.536 Kg =105 8.1 8450
5 1678 04,517 .
10 1.616 0.480 Values
20 1,502 0.406 from
30 1378 0,320 Fig. L
4o  1.268 0.238
50 1,160 0,148
60 1.054 0.053

1 ml. aliquots placed in 50 ml. flasks for color reaction.

# Estimated from a comparison of the zero time extinction of this run
with those of other runs made at the same time.
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Expt. [S] x 10° Time e In e £, Tnitisl Final
No. Orm] [Min.] pH pH
35 15,8k 2 2.078 0.731 Kg =105 8458 8450

5 1.995 0.6%90
10 1.892 0.639 Values
20 1,670 0,513 from
30 1492 0,400 Fige b
4O 1.323 0.280
60 1.03h 0.033

1 ml. aliquots placed in 10 ml, flasks for color reaction,

1n 10e
36 L. 75 2 0,618 1.821 K; =105 8461 8457
| 5 0,593 1.780 | -

10 0,567 1.735  Values
20 0,505 1,619 from
30 OJhli6 1,495  Fige b
4O 0.397 1.379
50 0,350 1,253
60 00310 1.131

1 ml. aliquots placed in 10 ml. flasks for color reaction.

In e
31 70.65 2 1,833 0,606 Kg =105 8,60 8,42
5  1.807 0.591 :

10 1.713 0.538 Values
30 1,472 0.386 Fige b
LO 1.352 0.302
60 1,130 0,122

1 ml, aliquots placed in 50 ml, flasks for color reaction.

in 10e
38 39.59 2 1,012 2.315 Kg= 105 B8.61 Bk
' 5 04992 24295

10 0,945 2,246  Values
20 0.862 24153 from
30 0.790 2,067 Fig. L
LO 0,720 1.974
50 0,647 1.867
60 0,579 1.756

1 ml. aliquots placed in 50 ml. flasks for color reaction.



Fxpt. [S] x 10° Time
No. °rml [Min.,]

39 10,0 2
5
10
15
20
25

30
35

1 ml, aliquote placed in 50

Lo 140.6 2
5

10

15

20

25

30

35

-27h-

&

1.271

1.176
1,042
0.920
0.809
0.708
0463k
0e 556

In 10e £, Initial
pH

24543 KS = U3 760

2,465 = 85

2,34k R

2,219 1,020

24091 1.022

1,957 1,026
1.847 1.030
1,716  1.030

ml. flasks for color reaction.

1,845
1.820

1.751
1.703
1.642
1,589
1.539
1472

In e

0,613 Kg=143  7.60
04599 Kp = 85

0,560 1,023

0.532 1,029
0.196 1,028
0.h63 1,035
0,431  1.041
0,387 1,051

1 ml. aliquots placed in 100 ml, flasks for color reaction.

] 39459 2

1.034
0.986
0.926
0.862
0,810
0. 750
0.696
0464l

In 10e

2,336 Xg= 70 8420
2,288

2,226  Values

2,15} from

24092 Fig. 4

2,015

1.940

1.863

1 ml, aliquots placed in 50 ml. flasks for color reaction.

Final
pH

Tol9

7413

8408



Expt. [S], x 10° Time
NOG [:M] [:M‘in']

h2 7042 2

1 ml, aliquots placed in 50

L3 Le75 2
5
10
15
20
25
30
35
1 ml. aliquots placed in 10

Lk 15,8l 2

«275=

1,838
1.783
1,700
1,598
1.511
148
1.352
1,288

04609
0.578
0,531
0.1469
0.413
0.370
0.302
0.253

b nitial
pH

KS =70 8.18
Values

from
Fig. &4

ml. flasks for color reaction.

0,618
0.584
04526
0.1478
0.138
0.399
0.357
0.328

1n 10

1,821
1.765
1.660
1.56L
LUL77
1.38L
1.276
1,188

ml. flasks for eolor reaction.

- 24022

1,930
1,761
1,630
1476
1.348
1.2l
1.135

In e
0.705
0,657
0.566
00)488
0.389
0,298
0.216
0.127

Kg=T0 8421

Values
from
Fige L

1l ml. aliquots placed in 10 ml., flasks for color reaction.

Final
pH

8400

8,18

8,14



Expt. [S], x 16®  Time
NQ: {Dﬂj [Min']

L5 15.98 2

2,040

1.330
1,750
1.578
1.433
1.280
1,155
1.041

0.713

04658
04560
0eLi56
0. 360
0.247
Oe1hl
0,040

Initial
pH

Kg = 50 7488
Kp = 160

1.020
1.030
1.0Lo
1.045
1.050

1 ml, aliquots placed in 10 ml. flasks for color reaction.

héa Lo 79 2

1 ml, aliquots placed in 10

L7a 70.0 2
5

10

15
20

25
30
35

0.612

0.569
0.505
0,451
0.400
04356
0.31h
0.280

1n 10

1.812

14739
1,619
1,506
1,386
1.270
1.1Lk
1,030

Kp = 160

1.017
1.019
1.020

ml. flasks for color reaction,

1.829
1.791
1.692
1.602
1,507
1.1:28

1.35¢C
1.270

n e
0,609
0.583
0.526
0171
0.110
0.356
0.300
0.239

Kg = 50 7.88
- 1.020

1.035

1.0%k0

1.051

1,060

1.071

1 ml. aliquots placed in 50 ml, flasksfor color reaction.

Final
pH

T.78

7486

Tebl
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Expt. [S8]. x 10® Time e In 10e £, Initisl Final
No. © 1] [Min.] oH pH
‘L8a 3995 2 1,036 2,338 Kg=50  7.88 TeT2

5 0.99k 2.297 K= 160
10 0.912 2,210 1,025
15 0,850 2,140 1,032
20 0,792 2.069  1.043
25  0.72h 1.980 1.053
30 0,675 1,910  1.065
35 0.62h 1.831 1.078

1 ml. aliquots placed in 50 ml. flasks for color reaction.

1n 10e

5 0.968 2,270 Kp= k2
10 0,897 2.194
15 0,822 2,107 ©No core-
20 0,756 2,023 rections
25 0,707 1.956

30 0,660 1.887
35 0623 1,829

1 ml, aligquots placed in 50 ml. flasks for color reaction.

In ¢

59 700 2 1.808 0.592 Kg= L2 7420 6.62
5 lo?ha 00558 Kp = hz
10 1,636  0.192
15 1,557 O.i3 No cor-
20 1.’480 00392 rections
25  1.1113 0,346
30 1,356 0,30
35 1,302 0,264

1 ml. aliquots placed in 50 ml. flasks for color reaction.



 Fxpt, [5], = 10° Time
No. (] [(Min.]

60 L.78 2

«278-

0.586
0.5kl
0159
0.397
0.3L7
0.298
0.258
0223

in 10e f Initial

pH

1,768 Kg= L2 7.20

1,688 = 2
1.52k r

10379 No core
1.2kl rections
1.092

0.9L8

0,802

1 ml. aliquots placed in 10 ml, flasks for color reaction.

61 15,92 2
5

10

15

20

25

30

35

1lml, aliquots placed in 10

88 L.80 2
5

10

20

30

Lo

50

60

1,990
1,830
1.636
1.hk3
1.293
1,137
1,022
0.916

In e

0,688 Kg= 42  7.20

0,604 Kp = L2
0.L92

0366 No cor-~
0.257 rections
0,022
-0, 088

ml. flasks for color reaction.

04629
0,605
0.565
O. Lok
0.1430
0,379
0.330
0,287

1n 10¢

1.839 Kg= 105  8.60
1.800

l.732 Values

1.597 from

1.L59 Fige L

1,332

1.194

1.08)

1 ml. aliquots placed in 10 ml, flasks for color reaction.

Final
pH

Te12

6,98

8460
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 Expt. [S], x.10° Time e

NQ e [Ml [Iﬂi‘n € 1

91 7043 2  1.868
5 1.821
10 1,750
20 1.624
30 1.Lk89
4o 1,362
50 1l.2k2
60 1,118

1 ml. aliquots placed in 50 ml. flasks for

96b L.81 2 04637
5 0.61%

10 0.582

20 0.524

30  0.k66

4O 0.k

50 0.373

60 0.331

1 ml, aliguots placed in 10 ml. flasks for

99a 70.0 2 1.869
5 1.825

10  1.753

20 1.610

30 1.h81

4O  1.350

50 14230

60 1,119

in

lo

0.62L
04600
0.560
0.485
0.398
0. 309
0.216
0.112

1n 10

1.852
1,816
1.761
1.656
1.539
l.h21
1.316
1.197

in e

06625
0.602
0,561
0.476
0,392
04300
0,207
0,112

fq Initial
pH

KS = 105 8059

Values
from
Fig. ,-!-

eolor reaction.

Kg =105 8460

Values
from
Fig. )4

celor reaction.

Kg =105 8,59

Values
from
Fige )J- :

1 ml. aliquots placed in 50 ml. flasks for color reaction.

Final
pH

8eliT7

8,60

8eh2



Expt. [S8] = 10® Time
No. O 1] [Min.]

100b 16.05 2

5
10

15
20
25
30
35

1l ml, aliquots placed in 10

115 70,0 2
5

10

20

30

Lo

50

60

1 ml, aligquots placed in 50

17 1,82 k

=280~

2,013
1,889

1,652

1.L57
1.273
1,130
0.968
06840

In e

04715

0.636
0,502
0.376
0.2142
0104
0,033
«04.17h

Kg =50

Kp = 160
1.020
1,021
1,028
1.031
1.038

Initizl
pH

7.80

ml. flasks for color reaction,

1.871
1.822
1.752
1.613
1,185
1.350
1.22
1,108

In ¢

06626
04600
0. 561
0.4478
0396
04300
04202
0.102

Kg =105

Values
from
Fige L

8.59

ml, flasks for color reaction.

04610
0.558
0.185
04368
04276
04206
0el55
0.118

1n 10e

1.808
1.719
1.579
1,303
1,015
04723
0.’438
04166

Kg =105

Values
fron
Fig. b

8460

1 ml. aliquots placed in 10 ml. flasks for color reaction.

Final
pH

7.80

8410

8457



Expt. [S] x 10° Time
No. Oru] [Min,]

120 0.4 2
5

10

15
20

25
30
35

-281~

1.857
1.778
1,661
1.555
1.L48
1,348

1.247
1,16l

In e

04619

0.575
06507
0.1
0370
0.299
0.221
0.152

£y

KS=50
=160

1.025
1.033
1.050
1,062
1.080
1,089

Initial
pH

7483

1 ml, aliquots placed in 50 ml. flasks for color reaction.

Final
pH

T+61
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Part G, Runs made with tris—-(hydroxymethyl)~aminomethane-hydrochloric

acid buffer. 0.04 M calcium chloride added.

Expt. [S], x 10°  Time
No. C T [u] Min. ]

13 5¢21 2

1 ml. aliquots placed in 10

- 16,79 2
5
10
15
20

25

30

35
1 ml. aliquots placed in 10

15 70 Lk 2
5

10
15
20
25
30
35

-]

0,650

0.58)
061198
0.117
0.348

Oe2l1
0.201

in 10e

1.872

1,765
1,605
1.1:28
1.2L7
1,068
0,880
0,698

fl Initizl  Final
pH pH

Kg= L5  T.57 754
Kp= 90

1.010
1.015
1,018
1.020
1.023

ml, flasks for coler reaction.

2.120
1,936
1.680
1440
1,240
1.055
0.918
0.787

In e

0.751
0. 666
0.519
0,36l
0.215
0.054
-0.086
-0.240

KS = ’-&5 7057 701!-7
Kp:= 90

1.023
1.032
1.046
1.0L9
1.057

ml, flasks for color reaction. :

1.850

L.777
1,636
1,516
1.L06
1.300
1,206
1. llh

In e

0,615
0.575
0.h92
0.L16
0.341
0.262
0.187
0.108

Kg = b5 7457 720
K.= 90 '

Y.a18

1,033

1.0L3

1,050

1.062

1.073

1 ml, aliquots placed in 50 ml. flasks for color reaction.
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Expt. [S] x 10® Time & In e £, Tnitial  Final
o« ©ru] [Min,] pH pH
16 39.8L 2 2,080 04732 Kg= U5 7457 7429

5 14933 0.659 Kp = 90
10 1,740  0.554 1,020
15 1.559 O.hlly 1,038
20  1.398 0.335 1.048
25 1.239 04214 1,058
30 1,116 0,110  1.070
35  0.993 =0.007 1,076

1 ml, aliquots placed in 25 ml. flasks for color reaction.



=28}~

Part H. Runs made with tris-(hydroxymethyl)-aminomethane-hydrochloric
acid buffer. Inhibitors added,

Expt. [S] = 10° Time e In 10e £, Initial  Final

No. - O[um] [Min.] pH pH
86 Le79 L 0,632 1.84li No cor- 8460 8460
10 0,611 1,810 rections

Lo o.hk99 1.607
60 0.Lh0  1.482
80 0.381 1.338
100 0,338 1.218
120 0,296 1.085

1 ml. aliquots placed in 10 ml, flasks for color reaction,
2.47 x 10°% ¥ acetyl-D-tryptophanamide added.

in e :
87 15,99 L 2,105 0.745 K5 =200  8.6C 8452
10 2,016 0,701
20  1.898 0,640 Values
O  1.675 0,516 fronm
80 1.272 0.2h0
100 1,116 0,110
120 0,980 -0.020

1 ml. aligquots placed in 10 ml. flasks for color reaction, -
2.47 x 10™° M acetyl-D-tryptophanamide added.

In 10e

89 3949 L 1.048 2,350 K, =200 8.60 8451

10 1,009 2,312

20 0,961 2,263 Values

O 0,858 2,149 fron

60 0,770 2,041 Fig. L

80 0.676 1.911
100 0,598 1.788
120 0,530 1.668

1 ml. aliquots placed in 50 ml. flasks for color reaction.
2,47 x 10™° M acetyl-D~tryptophanamide added.,



Expt. [S] = 10° Time
No. o) [Min.]

90 700 L
10
20
Lo
60
80

100
120

=285~

1.833
1,790
1,705
1.540
1,379
1.247
1,120
0,992

in e

04606
0.582
0.53L
0sLi33
04322
0.221
0.113
=0, 008

£y

Initial

pH

Ky = 200 8460

Values
from
Fig. h

1 ml, aliquots placed in 50 ml. flasks for color reaction.

2.47 x 10™® M acetyl-D-tryptophanamide added.

9Lb L.81 L

0.635
0,605
0,561
0,181
0.L18
0.354
0,301
04258

1n 10

1,848
1.800
1,725
1571
1.L30
1.26}4
1.102
0.948

Kg = 150

Values
from
Fig. L

8.60

1 ml. aliquots placed in 10 ml. flasks for color reaction.

2949 x 10™° ¥ acetyl-L-tyrosinamide added.

95b 16,03 L
10
20
Lo
60
80

100
120

2,120
2,025
1,890
1.633
1.L00
1,198
1,019
0.870

In e

0.751
0.705
0,636
0..90
04336
0.181
0,019
0,139

Kg =150

Values
from
Fig. L

8460

lyml. aliquots placed in 10 ml, flasks for color reaction.

3040 x 10”3 M acetyl-L-tyrosinamide added.

Final
pH

8.L0

Be56

8,51
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Expt. (8], x10° Time ¢ I1n e £, Initiel Final
No. [] [Min. ] pH pH
97 7043 L 1,850 0,615 X, =150 8.60  8.39

10 1.780 0,576

20 1,675 0,516 Values
ho 1.Lh71 06386 from
60 14291 0,256 Fig. b
80 1,12 o0.113

100 0,950 =C.051

120 0,810 =0.210

1 ml. aliquots placed in 50 ml. flasks for color reaction.

30,0 x 107° M acetyl-L-tyrosinamide .added,

In 10e

98 40,0 L 1.058 2,359 Kg =150  8.60 8eL9

10 1.012 2,315

20 0,940 2,241  Values

LO 0.810 2,092 from

60 0,688 1.929 Fig. L

80 0,584 1,765
100 0.h93 1.595
120 0.410 1,k12

1 nl. aliquots placed in 50 ml, flasks for color reaction.

29+9 x 10™° M acetyl-L~tyrosinamide added,

In ¢

99b 16,05 2 2,096 0,740 Kg =50 7.88 7480

5 2,035 0.710 Xp =90

10 1.899 0.6kl K1 =30

20 1.65h 0,503

30 1.hb9 0,371 1.010

Lo 1.268 0,238  1.010

50 1.109 0,103 1,010

60 0,957 =0.0Lly 1,015

1 ml. aliquots placed in 10 ml. flasks for color reaction.
50.¢ x 107° ¥ acetyl-L-tyrosinamide added,



Expt. [8], x 10 Time
No. (] [Min.]

100a 16,01 2

-287-

2,100
1.998

1.8
1.566
1,318
1,110
04931
0.779

0.7h3
0,691

0.610
0.Lik9
0276
0,104
~0,071
=0, 250

fq Initial
pH

Kg=50 788
KI = 30

1.011

1.012

1.020
1,021

1 ml, aliquots placed in 10 ml. flasks for color reaction.

30.1 x 1073 M acetyl~L-tyrosinamide added.

101 16.05 2

2 0083
1,970
1.790
1.634
1486
1.350
1,228
1,208

n e
0.735
0.678

0.582
O.ho1
04396
04300
04206
0,103

KS = 50 7.88
Kp = 90

1,010
1.018
1,020
1.022

1 ml, aliquots placed in 10 ml, flasks for color reaction.

20.0 x 103 M acetyl-L-tyrosinamide added.

102 16.05 2

1
10
15
20
25
30
35

2.060
1.910
1.695
1.50L
1,340
1,182
1,048
0920

In e

0.723
0,646
0.527
0.408
0,292
0167
0.Ch7
"0' 083

KS = 50 7.88
K, =90
Kg = 30

1.017

1.018

1.023

1.026

1.032

1 ml, aliquots placed in 10 ml. flasks for color reaction.

5.00 x 107 3 M acetyl-L-tyrosinamide added.,

Final
pH

&

TeTT

7.81

Tel2



Bxpte (S] = 10° Time
No. Orul [iin.]

103 16.C5 2

5
10
15
20
25
30
35

~280-

2,065
1,938

1,73k
1.561
1,396

1.245

1112
0.996

0.723
0,663

0.550
OuLhS
0.33hL
04219
0,106
=000

Xy =50
ﬁp = 90

1,017
1,020
1.025
1,026

Tnitisl
pH

7.88

1 ml, aliquots placed in 10 ml, flasks for color reaction.

10,0 x 10~ 3M acetyl-L-tyrosinamide added,

106 16,0 2
5

10

20

30

Lo

50

60

2,100
2,035
1,936
1.730
1,540
1.365
1.218
1,075

In ¢
0.7k2
04710
0660
04548
0.432
06312
0,197
0,072

K = 105

Values
from

Fige b4

8460

1 ml. aliguots placed in 10 ml, flasks for color reaction.

45.0 x 1072 M acetyl-L-tyrosine added.

13 6947 h
10
20
ko
60
80

100
120

1.839
1,755
1.638
1.388
1,173
0.977
0.807
0.656

In ¢

0,609
0.562
0.Lok
0.328
0.160
-00023
"0‘211].
-0.1121

Ks:z 105

Values
fror
Fig. b

8.60

1 ml. aliquots placed in 50 ml., flasks for color reaction.

45.0 x 10™ M acetyl-L-tyrosine added,

Final

7.83

8450

8439
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Expt. [S], = 10®  Time e ln 10e £, Initial Final
Ho. (] [Min.] pH pH
1L Lo.1 L 1,057 2,358 K =105 8.60  8.hk

10 1,003 2,306

20 0,911 2.209 Values
Lo 0.753 2.019 from
60 0,606 1.802 Figs L4
80 06492 1.593

100 0,392 1.366

120 0,310 1l.131

1 ml. aliquots placed in 50 ml, flasks for color reaction.

45.C x 10™® N acetyl-L-tyrosine added.

1n 10e

116 L.81 L 0.62L 1.831 Kg = 105 8460 8e56
10 0,580 1,758 _
20 0,515 1,639 Values
LO 0,409 1,409 from
80 0.251 0,920
100 0,198 0,683
120 0,156 0.kL5S

1 ml. aliquots placed in 10 ml. flasks for color reaction.
Lhe8 x 10™° M acetyl-L-tyrosine added,

1n 10e

118 40.0 2 1.049 2,351 K5 =50 7.88 TeT1

5 1,006 2,309 Ky = 160
10 0,951 2,252

20 0,837 2,125 1,029
30 0.739 2,000 1,041
L5 0.609 1.807  1.059
60 0,502 1,613 1.076
75 0411 1,413 1.091

1 ml. aliquots placed in 50 ml. flasks for color reaction.

8949 x 1072 M acetyl-L-tyrosine added.



 Expt. [S], x 10° Time
No. [u] [Min. ]
19 70.3 2

5

10
20

30
L5
60
75

=290=

£

1,868
1.809

1.723
1.572
l.422
1,232
1,066
0.918

in e £y Initial
pH

09625 KS = 50 7088
0.592 K, =160

0.54s 1,018
0.i51 1,025
06352 1.045
0,208 1,065
0,064 1,083
~0.,086 1,103

1 ml. aliquots placed in 50 ml. flasks for color reaction.

89.9 x 10~ °M acetyl-L-tyrosine added.

121 16,03 2

5
10
20

30
L5
60
75

2,083
1,990
1.848
1.576
1.3h3
1.058
0830
0,652

In e

0,734 Ky =50  7.88
0.688 Kp =160

0061}4

0.455 1,019

0.295 1.023

0,056 1.032

=0.186 1,045

-0.1427 1.050

1 ml. aliquots placed in 10 ml. flasks for color reaction,

90,0 x 10~ 3M acetyl-L-tyrosine added.

122 L.80 2

5
10
20

30
L5
60
7

06627
0,591
0.547
0.1457
0.388
0,301

0.237

0.182

in 102

1.836 Kg= 50 7.88
L7717 Kp= 160

1,699
14520
3.356 1.010
1,102 1,012

0.863 1,016
0.599 1.015

1 ml. aliquots placed in 10 ml., flasks for color reaction,

89.6 x 10”3 M acetyl-L-tyrosine added.

Final
pH

7+60

7082

7.82
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Expt. {8}, x 10° Time e In 10e £, Initial  Final

No. [M] [Min.] pH pH

125 480 L 0,561 1.725 Kg =50 730 7.30
- 10 04523 1.654 Kp = 50
20 0.467 1.541
hO 0,378 1.330 No cor-
60 0,309 1le¢128 rections
80 0.243 0,888
100 0,198 0,683
120 0,160 0.470

1 ml, aliquots placed in 10 ml. flasks for color reaction,

90,0 x 10~% M acetyl-L-tyrosine added.

1n 10e

126 L.80 2 0.571 1.7h2 Kg =143 7+60 7460
5 0.546 1,697 Kp = 90 \
10 0.506 1,621
20 0’)4.38 10&77
30 0,380 1.335
O 0.326 1,182
50 0,281 1.033
60 0.243 0,888 1.010

1 nl. aiiquots placed in 10 ml, flasks for color reaction.

90.0 x 10~ M acetyl~L-tyrosine added.

1n 109_

127 L+80 2 0,573 1,746 Kg =80 8,26 8626

5 0,552 1.708

10 0,514 1,637 No cor=

20 0. hh9 lc 502 rections

30 0.391 1,364

4O 0.340 1,224

50 0,297 1,089

60 0.258 0,945

1 ml. aliquots placed in 10 ml, flasks for color reaction.

89.5 x 10~° M acetyl-L-tyrosine added.



Expt. [S], x 16°  Time
NOO [M] [Min;]

130 L.80 L
10

20

Lo

60

80

108

120

~292=

-}

04639
0,630
0,608
0.567
0.53h
0.500
0.451
0.436

in 1Ce

1,856
1,841
1.805
1.735
1.675
1,609
1.506
1472

£,

No core
rections

Initial

pH

8.21

1 ml, aliquots placed in 10 ml., flasks for color reaction.

55.4 x 10~° M L~tyrosinamide added.

131 4,80 h
10

20

ho

60

80

86

120

0.646
0.639
0.624
0.597
0.57h
0,552
04540
0.502

1n 10e

1,866
1.855
1.831
1,787
1. 747
1,708
1.686
1,613

No cor-
rections

8457

1 ml, aliquots placed in 10 ml., flasks for color reaction,

55.4 x 10=3M Letyrosinamide added.

132 4.80 N
10

20

Lo

60

80

100

120

0,637
0.616
04591
04536
0.486
Dl
0,401
0,362

In 10

1.852
1,818
1,777
1,679
1,581
1.193
1,389
1,286

No cor-
rections

T+60

1 ml. aligquots placed in 10 ml. flasks for color reaction.

55.l4 x 1073 M L-tyrosinamide added.

Final

pH

8021

8457

7459
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Expt. [S], x 1C® Time e In ¢ £, Initizl Final
No. rum] [Min, ] pH pH
133 16,0 L 2,110 0,746  No cor= 760 7060

10 2,966 0.725 rections
20 1,968 0,676
4o 1,788 0,581
60 1.521 0,483
80 1.478 0.390
100 1.341  0.29h4
120 1,222 (Q.200

1 nl. aliquots placed in 10 ml. flasks for color reaction.
55.4 x 10=° M L-tyrosinamide added.

In e
134 70,0 b 1868 0,62k Kg=LS  7.60  7.58

20 1.752 0.561 K?: 10

4o 1,630 0.489

60 1,516 0O.ll6 1,010

80 1.h08 0,342 1,010
100 1,317 0.275 1.018
120  1.223 0,202 1,020

1 ml, é,liquots placed in 50 ml. flasks for color reaction.
55, x 1072 M L-tyrosinamide added.

1n 10e
135 10,0 L 14055 2,357 Kg= LS  7.60  7.58
10 1,033 2.335 Kp = 90
20  0.994 2,297 K; = 10

LO 04,908 2,206
60 0.842 2,131
80 0.776 2,049
100 0,709 1.959
108 0.685 1,924 1,012

1 ml. aliquots placed in 50 ml. flasks for color reaction.
55.4 x 10~ M L-tyrosinamide added.
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PART 11T

SOME CENETLC STUDIES IN NEUROSPORA CRASSA
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Ay Some tests designed to indicate optimal conditions for the

expression of the phenotype dotted,

It has frequently been observed that the cultivation of Neurospora
crassa on liguid media deficient in sulfur leads to the formstion of
black areas, usuwally about 1 mm. in diameter, in the mycelial mass;
The ability to form such spots is apparently inherited since many
stocks do not show spotting when grown on low sulfur medium. .As a
preliminary to possible genetic study, it was deemed advissble to
determine the conditions required for good expressiocn of the ghenotype.

In the following series of experiments, the cultures were grown
on liquid medivm which was the same as the standard minimal medium (l)
in every respect except for sulfate, which was added only in the
amounts noted below., The spore cultures tested were 0-312 and 0-112,
which previous evidence indicated would not give dotted, and L-L31
and h-th, progeny of a cross of 0-312 and 0=112, These latter |
cultures had been observed to show dotted on low sulfate medium,

Each of these stocks was= set up in duplicate cultures ﬁnder the
following conditions of volume of medium, amount of sulfate, tempera-
ture, and illumination (those cultures designated dark were covered
with opaque paper; those designated light were subjected to contin-

uous illumination by a 100 watt incandescent lamp.)
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TABIE LII

Various Conditions Used in Obtaining Indications of

Optimal Conditions for the Expression of the Phenotype Dotted

Condition Test Number

1 2 3 L 5

Totzl volume
of medium 20 20 20 20 10
(ml.)

ml, of MgSCu
solution
(3.1 mg. 0.03 0.03 0.03 1.25 0.015
Mgsoh°7H
per ml°3

Temperature 25 35 35 35 35

J1llumination ~ Dark Dark Light Dark Dark



Age

>

(days)

~ =~ =3 =3

10
10
1C
10
10
10
10
10
10
18
18

18
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The results of these tests m2y be summarized in tabular form,

TABIE LIIX

Summary of Tests to Determine Satisfactory Conditions of

Growth for Expression of Dotted

Test Spore No,
Condition

A1l A1l

] 0-112

1 0=312

1 L-431

1 L-h33
Other than 1 A1Y
1 0-112

1 0~312

1 L-h31

1 h-l33

2 C-112

2 0-312

2 L=431

2 L-133
Other than 1 and 2 A1l
1 0-112

1 0-312

1 L-L31

1 =133

Results and
Commerits .

No appearance of
dotted

No appearance cf
dotted

Dotted
Dotted
Dotied
No result
No resuitb
Heavily dotted
Heavily dbtted
Heavily dotted
No resﬁlt
No result
A few spots
A few spols
No results
No result
Heavily dotted
Heavily dotted

Heavily dotted
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Age Test, Spore No. Results and
(days) Condition Comments
18 | 2 0-112 No result

18 2 0-312 No result

18 2 h-L31 Dotted

18 2 h=433 Dotted

18 5 A1l Dried up

18 3 and L A1l No result

These results indicate the betlter conditions to be low sulfate,
about 20 ml. volure, 25°, darkness, and about 7 days growing time.

In order to obtain a better idea of the effect of low sulfate
on the expression of dotted, the following experiment, summari%ed

in Table LIV , was carried cut with L-433.
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TABIE LIV

Test Designed to Obtain Information Regarding the Influence of

Sulfate Concentration on the Expression of

Dotted
A1) flasks inoculated with L=}33.
Volume of medium = 20 ml,

Cultures grown in darkness.

Total mg. of Temperature

MgSOh added of cultivation

tc flask
0.0 25
0.0 35
0,0195 25
0.0195 35
20,0390 25
0,0390 35
0,078 25
0.078 35
0.156 25
04156 35
0.31L 25
0.31L 35
0.628 25

0.628 35

Result after
eight days

Inconclusive, some
dark mycelium
No results

Spots and darkened
nycelium

No results

Spots and darkened
mycelium

No results

Spots and darkened
mycelium

No results
A few spots
No results

No spotsj some dark
mycelium

No results
A 1little black mycelium

No results



-300 -

Total mg. of Termperature Result after
MgSOh added of cultivation eight days
to flask
0.942 25 No results
0,912 35 No results
1.88L 25 No results
1.884 35 No results

These data again indicate that a temperature of 25° is to
be preferred to 35°. Cptimum sulfate concentration seems to be in
the region 0.02 to 0.08 mg. of MgSOu per 20 ml., of medium, J

These tests are not conclusive insofar as true optirum conditions
are concerned. They do, however, indicate some preferred conditions
of culture., Further testing is necessary to establish whether or not
these conditions will guarantee the expression of dotted, Some of
thé evidence seems to indicale quantitative differences betweeh

stocks which exhibit the dotted phenotype.
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- Be Genetic studies to determine the linkage and centromere distance

of the gene controlling tyrosinase thermostability in Neurcspora

erassa,

The tyfosinase activity in Neurospora is greatly enhanced by ,
cultivation on low sulfur media (2). This high activity permits the
study of ﬁhe tyrosinase enzyme in some detail (2, 3). It has been found
that some stocks of Neurospora, when cultivated on low sulfur‘media,
yield a tyrosinase preparation which is resistant to heating; while other )
stocks yield a thermolabile tyrosinase preparation under identical
conditions. This behavior can be attributed to the achtion of a single
pair of alleles (3)s The present series of experiments is concérned with
the determination of the linkage and centromere distance of the geﬁe
governing the thermostability of the Neurospora tyrosinase.

In the following discussion the alleles are designated as

TL

=~ gene for thermolability of tyrosinase

S e gene for thermostability of tyrosinase

Al == albino 15300 mutant

Adp == adenineless purple mutant 35203

A and a -~ refer to mating types

Dissections of asei resulting from the two crosses TL.&i Ax
75 adp a and TP A1 a x T° Adp A were carried out and the resulting
spores were germinated in the usual manner. Best results were obtained
when some time was allowed for spontaneous germination before heat
treatment. Spores numbered without prefixing number result from dis-
section by R. Jennings; those with prefixing numbers are the result

of dissections by M. Fling.
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The cultures were scored for Al and Adp on the basis of their
appearance while growing on the complete medium. In order to cbtain
information regarding the centromere distance of TL, only two spore
pairs of the ascus needed to be tested; consequently, only the spores
wild type with respect to Adp were analyzed for 7L ang TS (with a few
exceptions), Transfers of these cultures were made to a low sulfate
mediuvm (3) and grown for 5 - 7 days. Two pads were grown for each
spore pair in order that enough material might be obtained for testing.
The testing method has been presented in detail elsewhere (3). In
the present case, visual observation of the color development resulting
from the action of tyrosinase on tyrosine was employed as a qualitative
indication of tyrosinase activity.

In brief outline, then, the pads were harvested, washed several
times, dried, weighed, and then ground with sand in the presence of a
phosphate buffer. The sand and debris were centrifuged and a cloudy
enzyme solution was obtained. The grinding and centrifuging were
carried out at 5 - 10°C, The enzyme preparation resulting from a cul-
ture of a single spore was then divided into two vortions. One portion
was placed in a 60° water bath for 20 minutes, while the ofher was
maintained at a low temperature. Both portions were brought to room
temperature, and a solution of tyrosine was added to each. The
dgvelopment of color was observed after two hours, and the conclusions
reached were checked after 12 hours. If color develops in both the
heat treated and the refrigerated portions, the spore is scored TS, if
color develops in only the chilled portion, the spere is scored TL.

If color develops in neither of the two portions, the results are, of

course, inconclusive,
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The results did not indieate any differences in the behavior of
the products of the two crosses described above, so the data have been
treated together. Spores nurbered from O to 348 and all of those
designated 25~ are from the cross TL Al A x ™ Adp a; the other spores
are from the cross TV Al a x TS Adp A, These data are summarized
in Table LV. It might be noted that the visually observable pheno-
types of the spores designated with prefixing number have been scored
by two independent observers (Jennings and Flﬁng) and agreement wasg
obtained, A few of the observations on TP and TS were also duplicated.
Only observed phenotypes are indicated in the table. In a few cases,
Adp spores were tested for thermostebility (naturally adenine was
added to the cultivation medium).

Linkage is shown by the absence of the independent classes
41 A1 L 7L and Adp Adp TS TS,

The sequence of genes on the chromosome is shown by calculations
of the centromere distances of the various genes made without taking
into account the observed double crossover classes. These values may
be compared with values which have been determined by previous inves-
tigators who were not able to detect double crossover products in the
absence of markers. The distances thus computed are

Adp (classes L, 5, and 6) = 3.6 (1lit. 2.1 (L)).

A1 15300 (classes 2, 3, 4, 6, and 7) = 28.5 (1ite 24.6 (4)).

7l (classes 3, b, 5, 6, and 7) = 21.h (Lit. 30 (3)).

Minimum values for the various distances along the chromosome
may be calculated from the observed crossovers. Crossovers between

the centromere and Adp (classes L, 5, and 6) give 3.6 for this distance.



Ascus

19
20
22
27
32
3k
35
37
39
Lo
L1
L2
L6
L7
L8
119
57
58
61
2L-11
2L-12

2h=-1ly

=30

TABIE LV

Results of Testing of Asci. Resulting From the Cross

A1l T

r
Al T

A1 TL
A1 TL
Adp
Al Adp
Al Adp

Adp

AL T8 x TS Adp

2
T a1
A1 L
a1tk
a1 Tk
Al Adp
Adp
Adp

Al Adp

Adp
Al Adp
A1 TL

41 1L

Spore Pair
3
Al Adp
Adp
Al Adp
A1 TL
A1 7L
A1 7L
A1 7L
Al Adp

Al TL

Al TL

A1 TL

A1 TE
Ax TL
A1 7L
Al Adp
Adp

Al Adp

A1 TL

Al Adp
Adp
AL TL
Al L
A1 7L

A1 7L

Classj

W

Hoowv W

[\ I )

HoOoRE W oW W

AV 2 R VS AW



Ascus

2h~31
2L=32
b=l
2L-51
24-61
2L=62
2L4-63
2L-71
21-81
2l=102
2-103
2L-10L
21i-105

24=107 -

21i~-108
211~109
2Lh-1011
25-11
25-12
25=-13
25-1),
25-15
25-23
25141
25-=)2
25-43

C A1 TL

a1 Tk
A1 Th

Al Adp

A1 TL
Adp
Al Adp
Al Adp
A1 7L
Al Adp
Al Adp
Al TL

A1 Th

Adp

=305=

Spore Pair

A1 b
A1 TL
A1 TL
Adp
Adp
A1 L

Adp

A1 TL
Adp
Adp

Al Adp
Adp

Al Adp
Adp
Adp
Adp

Al adp TE

Adp

3
Adp
Adp
Adp
A1 7L
Al Adp
a1 Th
A1 7L
Al Adp
A1 7L
A1 1L
Al Tk

A1 7L

A1 b

Al Adp
Adp

Adp

Al Adp

A1 7L

Class

WOy e W

N

e

DSV Y A~ N o R P RN

WO W oW W

A
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Ascus Spore Pair Class
1 2 3 L
25~-51 a1 7L A1 Th Adp ——— 1
25-52 Adp Adp A1 T A1 TL 1
25-53 hdp Al Adp TL a1 7L TS 3
25-5, Al Adp TS Adp L AL L 2
25-55 Adp Adp AL 7L A1 TL 1
25-56 Al Adp Adp Al b i 3
25-57 A1 TS i Al Adp Adp 8

25-58 A1 TP b AL Adp TS Adp 2
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TABIE 1LVI

Sumeary of Asci Resulting From the Cross Al Th x TS Adp

Class of
Ascus

1
1 A1 b
2 T
3 A1 TL
L Al TbL
5 Adp
6 A1 7L
7 AL TS

7
Al h
Al T
5

Spore Pair
3
Adp
Adp
Al Adp
A1tk
Al Adp
Al Adp

Al Adp

L
Adp
Al Adp
Adp
Adp
A1 7L

75

Adp

Total

No. of Asci

22
10

19

56
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Crossovers between Adp and ™ (classes 3, 6, and 7) give 18,8 as the
distance from Adp to 5. Crossovers between Tl and a1 (classes 2, 5,
and 7) give 11.6 as the distance from T to A1, On this basis, the
minimum centromere distance which can be obtained from these data are
Adp = 3.6, T5 = 22,4, and A1l = 3L.0. :

Two attempts were made to obtain data with respect to mating
type. In both cases the spore cultures listed above were employed
as the ‘peri’c.heciai parents and inoculated with wild type (A in oﬁe
instance, a in the other). These crosses proved to be rather in-
fertile, particularly those involving the adenineless purple mutant,
and meaningful data could not be obtained. Since, however, it has
been previously established that both Adp 35203 and Al 15300 are in
the sex chromosome, it appears evident that the gene controlling

thermostability in tyrosinase is also in that chromosonme,
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PROPOSITIONS

The progress of the hydrolysis of half-esters of hydroquinone
might be followed continuously at constant pH by neasurements

of the potential of a quinone-hydroquinone electrode immersed in
the reaction solution. This technique might be applied to enzyme
catalyzed hydrolyses. .

1) Glasstons, S. Physical Chemistrys, New York: D, Van Nostrand

COQ, 19,46.
The unintegrated expression for the velocity of an enzyme reaection
leads to the use of plots of v, vs. v /[8] , 1/v  vs. 1/[5],s and
[81o/7V, vee [8], for the evaluation of kinetic constants, I pro-
pose that there are two more plots related to the Walker-Schmidt

Plot, and two more plots related to the Foster~Niemann plot.

~ Furthermore, these plots may have some advantages over the ones

currently in use.

1) Walker and Schmidt, Arch. Biochem., 5, LL5 (19LL).
2) Foster and Niemann, Proc. Nat. Acad. Sci., 39, 999 (1953).

a. I propose that results obtained in this thesis regarding the
effect of pH on the kinetics of alpha-chmtrypsin—-catalyzeci
hydrolyses of simple substrates provide a qualitative, and perhaps
quantitative, explanation of the pH optimum curves which have been
obtained for many substrates, including those observéd for deriv-

atives of tryptophan, which have heretofore appeared to be

‘anomalous.

bs I propose that, on the basis of experimental results noted in
the thesis, the position of the pH optimum observed for a neutral
substrate should vary with the substrate concentration,

1) Huang and Niemann, J. Am. Chem. Soce., 73, 15kl (1951).
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6o

1o

8.

I propose that it might be wortlwhile to attempt to inhibit the
action of digestive enzymes on insulin by 1) adding a compound
such as. acetyl-D-tryptophan to all of the available free amino
groups of insulin, 2) adding all of the free carboxyl groups of
insulin to a compound such as D-tryptophan methyl ester. This
preparation should be called "oralin".
1) Huang and Niemann, Jo Am. Chem., Soc., 73, 3228 (1951). -
I propose that alpha~amino acid hydroxamides may exist as zwitter
ions., Indications of this possibility may be found in thg ‘changes
in acid constants resulting when 1) acetic acid is substituted
with an alpha-ammonium group, 2) glycine is converted to its
amide, \
1) Cohn and Edsall, "Proteins, Amino Acids, and Peptides,"
New York: Reinhold Publ. Corpe, 1943. '
I propose that suitable O,N-diacylated DL-serime derivati#es might
be resolved with alpha-chymotrypsine In addition, the optically
active serine thus obtained might be substituted at the oxygen
atom to yield a series of substrates worthy of ‘kinetic study.
1) Huang and Niemann, J. Am. Chem. Soc., 73, 1541 (1951.). ‘
I propose that the expression of the phenotype dotted 1n ﬂeurosgora
crassa should be tested to see whether or not it will result from
dietary deficiencies other than sulfur.
I propose that a gene is composed of a complex system of inter-
acting enzymes, and that as a consequence:
(1) Gene mutation rates are affected by the number of enzymes
present in the gene and the stability of the individual

enzymes.
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10,

(2)

(3)

(k)

The

These enzyme systems may produce other enzymes; substrates

for the enzyme systems of other genes or external enzyme
syétems; inhibitors of the enzyme systems of other genes or
external enzymes; or activators or coensymes for these systems.
These gene enzyme systems would be influenced by 1) activators
necessary to start the gene action, 2) coenzymes, activators,
or inhibitors of the individual members of the system, 3)
concentration levels of substrates and other substances in-
fluencing enzyme action.

The sensitivity of such a system to the products of .bther
genes and external enzyme systems, concentration levels, etc.
might provide the basis for a hypothesis concerning tllze‘
operation of cell differentiation mechanisms,

possibility of using blocking groups which may be susceptible

to selective oxidation in peptide synthesis should be investigated.

Derivatives of oxalic acid might be of value in this way.

Rearrangements similar to the pinacolone rearrangements are given

by the following treatments

R,C— c,m,o_ + Agt ———>

|

O X

R,C— cf:ag + HONO——=>,
OH NH,

I propose that the following classes of compounds might undergo

similar rearrangements:

ch——t[m? + PbO or H—>

OH SH
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—R, + heat —=>

1) theland, G. W. Advenced Org. Chem. New York: Wiley, 1949
p. 478 £L,

?) Tuson. Advanced QOrganic Chemistry. New York: John Wiley

and Sons, 1850C. p. 578,
In the vast majority of cases the trans isomer of a compound cor—
taining an ethylenic double bond is more stable than the cis compound.
It would appear thet the equilibrium position for the cis—trans
interconversion would be governed both by steric end by electro—

stetic interactions. I propose that somwe compounds, by virtue of

strong electrostatic interactions, might be more steble in the cis

configuration. Interesting examples for study might be

CH—(00 CH—CO00 CH—COOH
Il — —
CH—CHgud,  CH—CH,NHR,  CH—CH,NHR,

Cgllg—C— COO__:;C6HS F COOﬁEE:CBH5—-C-—COOH

06H5—~C—~COO CgHs— C—COCH  CgHs— C—COOH
I propose that suitably halogenated aldehydes, ketones, esters, etce
might be reacted with active metals to effect ring closures of
synthetic interest. Illustrative examples might be

(1) CHe
9
BrCH (CH), SR —ao—=> (i )'>CHOH



(9 BrCH,CHO + BrMgCH,CH(OR),—>BrCH,CH(OH)CH_CH(OR),
—> —> BrCH,CH(OAC)CH,CHO
in

—_— Le0N,
dilute

0 MgBr HO
(3) BrCH,CHO Tﬂgé BrCH, CH-CH,CHO ng>
bt i

OH

4 ig=—
() el poomon = CH—CHO—IE&%——%»

OH



