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ABSTRACT

From an analysis of the pH-activity curves of the systems
alpha-chymoirypsin— acetyl-L-tyrosinamide and alpha-chyinolrypsioa-—
acetyl-L-tyrosinehydroxamide it has been concluded thatl ia the latter
system the active specific substrate is acetyl-L-tyrosinehydroxamide
and not acetyl-L-tyrosinehydroxamate ion. At pH 7.6 and 25° C, ia
aqueous solutions 0.3 M with respect to the amine component of a
tris-(hydroxy-methyl)-aminomethane-hydrochloric acid buffer, the
kinetics of the alpha-chymotrypsin catalysed hydrolysis of acetyl-L-
tyrosinehydroxamide have been found to be similar to those observed
previously for this enzyme and specific substrates of the acylated alpha-
amino acid type at pH 7.9 1 0.1 and 259 C in aqueous solutions 0.02 M
with respect to the amine component of the sarae buffer system. Acetyl-
D-tyrosine ethyl ester, acetyl-D-tyrosinehydrazide, acetyl-D-{yrosine-
hydfoxamide and acetyl-D-tyrosinamide were found to be competitive
inhibitors of the alpha-chymotrypsin catalysed hydrolysis of acetyl-Li-
tyrosinehydroxamide at pH 7.6 and 25° C, under the conditioas previous-
ly specified, and from these and other data it was coacluded that
proteins, amides, esters, hydrazides and hydroxainides are hydrolysed
at the same single active site on the enzyme.

Preliminary to an examination of the effect of genetic factors
on tryptophane desmolase activity in Neurospora, this enzyme was

extracted from a reference strain and partially purified. The kinetics



of this tryptophane desmolase system was investigated and the
appareant K, values of indole, Li-serine aad pyridoxal phosphate
determined. No tryptophane desmolase activity could be found in a
iryptophaneless mutant, C83. The tryptophane requirement of this-
mutant and the lack of tryptophane desmolase activity were found to
be associated with the same single gene. The reversion of C83 to
wild type under the influence of ultraviolet irradiation was studied,
and it was shown that the C83 mutant can backmutate. The back-
mutant was found to contain a tryptophane desmolase system which
could not be distinguished from the tryptophane desmolase from wild
type on the basis of the kinetic criteria that were applied. A
histidineless mutant, C84, was found to exert a control on the

tryptophane desmolase activity of Neurospora. From a limited

amount of evidence it was tentatively concluded thati the histidine
requirement and the alteration of the tryptophane desmolase activity

are the effects of the same single gene in the C84 mutant.
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I. The Kinetics of the alpha-Chymotrypsin Catalysed

Hydrolysis of Acetyl-L-tyrosinehydroxamide

Introduction

The determination of the structure of protein molecules in
aqueous solution is made difficult not only by the complexity of their
structure but also by the lack of any really direct and general exgeri-
mental method, While it is true that a great deal of knowledge has

‘been gained by the analysis of the amino acid content of :roteins and
by x-ray diffraction studies of crystalline proteins, peptides, and
amino acids, neither approach has revealed sufficient information to
characterize the structure of protein molecules in terms of a sequence
of their constituent amino acid residues. Nor does it seem likely that
in the near future either approach can disclose the finer details of
structure which must be known to account for the specificity that is
characteristic of many protein molecules.

An indirect experimental approach to this problem which
offers sorme information in the determination of protein configuration
is the study of complex formation between proteins and small organic

"molecules, the structures of which are known. This method has bezn
employed with considerable success in the problems of serological
specificity of the immunochemists (1,2}, as well as in equilibrium

dialysis studies on the binding of srnall organic ions by proteins (3-7).



Paralleling these developments, considerable work has been doue in
investigating the structural requirements of specific substrates and
competitive inhibitors of enzymes in the hope of gaining information
' relative to the configuration of the active centers.

In an investigation of the structural requirements of specitic
substrates and inhibitors of an enzyme system, it is obviously desirable
that the following requirements be met.

1. The enzyme should be highly purified and preferably in
crystalline form,

2. The catalytic function of the enzyme should be solely de-
pendent upon the configuration of the amino acid residues within the
protein, i.e., no coenzyme or activator required,

3, The enzyme should be sufficiently stable in aqueous solution
so that it is not appreciably inactivated during the‘time necessary for the
determination of the kinetic data.

4, An accurate method of analysis for the concentration of the
substrate or the products should be available.

The pancreatic protease, alpha-chymotrypsin, has all of the
above qualifications., It can be prepared in a highly purified crystalline
form, the activity of which is notvdependent upon a coenzyme or activator
(8,9). It consists entirely of protein material (8), is extremely stable
in aqueous solution (10), and the concentrations of its substrates or their

produéts can be quantitatively determined by a variety of methods (9).
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Tt has the further advantage of being commercially obtainable (Armour &
Co.) in crystalline form and of a purity comparable with the material
used by A. K. Balls and coworkers. (11)

As one might expect, a great deal of work has been done on the
specificity of alpha-chymotrypsin, This work was initiated by Bergmann
and coworkers (12-15), who first showed that synthetic peptides and
peptide derivatives could be utilized in place of the much more complex
protein substrates previously used, These qualitative studies were fol-
lowed by the more quantitative work of Neurath (9) and Niemann (16-30)
in which attempts were made to determine the relative affinity and
activity effects of the various possible substrate structures. The work
was also enlarged to include a systematic study of the structural require-
ments of inhibitors. While no attempt to give a detailed review of these
studies will be made (see reference 9), a brief summary of sorme of the
more important results is consistent with the purpose of this thesis.,

The formula for a generalized substrate of alpha-chymotrypsin

i
can be written as L—RICONHCHRZCOJ,—R:,}, with the dotted line marking

the position of the hydrolysable bond. The compounds of the D configura-
tion have always been found to be effective competitive inhibitors. In
general it would appear that compounds of the D configuration are more
strongly hound to the active site than are the corresponding compounds

- of the L configuration, though the strength of this conclusion is modified

by the difficulty in determining the enzyme-substrate dissociation



constant. This conclusion indicates that it is possible to find molecules
of a.structure very little different from substrate molecules (25) whose
hydrolysis is not catalysed appreciably by the enzyme but which are
'neve‘rtheless more strongly attracted to the active center of the enzyime
than are the corresponding substrates — a result which would be predicted
from Pauling's ideas of enzyme action (31).

The nature of the R;CO- group may be varied considerably,
The following R1CO- groups have been found to be active: formyl (32),
acetyl (33), chloracetyl (28), trifluoracctyl (28), benzoyl (34), glycyl,
carbobenzoxyglycyl (14), carbobenzoxygl.utamyl (15), nicotinyl (18, 30),
isonicotinyl (32), picolinyl (32), and carboethoxyl (35). The R, groups
which are active correspond to tryatophane, tyrosine, phenylalanine,
methionine, arginine (9), and leucine (36) residues, while amides,
glycinamides, glycylglycinamides, esters, hydrazides, hydroxamides
(9) and thioesters (36) can constitute the hydrolysable groups (Rj) of
alpha-chymotrypsin substrates. Although such a definition of the
specificity of alpha-chymotrypsin substrates implies that all sossible
combinations of the Rl’ RZ’ and R3 groups listed would result in active
substrates, it should be noted that only a small fraction of these com-
binations have been tested.

While a majority of the investigations of the above substrates
and the corresponding enantiomorphic D-inhibitors have been of a

simmple qualitative nature, determining only whether a given compound



is or is not active as a sﬁbstrate or inhibitor, a considerable amount of
quantitative work has been done to determine the relative affinity and
activity effects of the various R, and R, grdups (9, 21-30). Similar
“quantitative studies on the relative effects of variations in the Rj3 group
have, however, heen relatively few. From kinetic studies of the hydroly-
sis of benzoyl-L-tyrosine ethyl ester and benzoyl-L-tyrosinamide (37)
and the inhibition by acetyl-D-tyrosine ethyl ester and acetyl-D-tyrosin-
amide (22) it is possible to say that the ester compounds are hydrolysed
much faster than the amides, and that this is probably due to the following
two reasons:

1. The alpha-chymotrypsin-substrate dissociation constant for
the ester has a lower value than that for the amide.

2. The alpha-chymotrypsin-substrate complex for the ester
breaks down into alpha-chymotrypsin and the products of the hydrolytic
reaction at a greater rate than is the case for the amide,

No information of this type was available in the case of the
hydrazide and the hydroxamide, and it seemed advisable that quantitative
kinetié investigations of the relative effect of these two substituents be
initiated, The kinetics of the alpha-chymotrypsin catalysed hydrolysis
of acetyl-L-tyrosinehydroxamide and the inhibition of this hydrolysis by
acetyl-D-tyrosinamide, acetyl-D-tyrosine ethyl ester, acetyl-D-tyrosine-
hydrazide and acetyl-D-tyrosinehydroxamide have therefore been investi-

gated, -
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Formulation of the Kinetics of the Enzymatic Reaction

The formulation of the kinetics of enzyre action and the deriva-
tion of the resulting rate equations has heen adequately covered in a
number of reviews (9, 38-40), and therefore the following treatment is
given only as an aid in the interpretation of the experimental results
given in the next section.

If the effect of buffer ions and molecules, the hydrogen ion
activity, and the temperature are excluded from consideration by
carrying out all experiments with these quantities held constant, the
variables determining the reaction rate can be limited to the concentra-
tions of the following substances: the enzyme, the substrates, the
products of the reaction and any inhibitor that may be added. In the
case of alpha-chymotrypsin catalytic hydrolysis we may eliminate the
concentration of one of the substrates, water, from this list of variables,
since in aqueous solutions it remains essentially constant., If all inhibi-
tors are considered to react in a competitive manner, and if the reaction
is considered irreversible such that the only influence of the products of
the reaction is that of inhibition, the reaction can be formulated in terms
of hypothetical enzyme-substrate and enzyme-inhibitor complexes as

;_follows :
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ky k3 .
(1) Ef+sfw—————k;* ES —=E; + P_+ Pz,

kg

(2) E; + Plf*———-* EP;,

kg
(3) E; + PZ?—E(—;* EPZf
kg

(4) E, + 1 ‘—'T"_f El where

E_ = the free enzyme
S¢ = the free substrate
Plf and sz = free hydrolysis products
I = added inhibitor in free form
ES = enzyme-substrate complex

EPl and EPZ = enzyme-sroduct complexes

&
"

enzyme -inhibitor complex,

Since the alpha-chymotrypsin catalysed hydrolysis of acetyl-Li-tyrosine-
hydroxamide is followed by measuring the rate of disappearance of the

total amount of substrate present, then the velocity rneasured, v, is

equal to - d [(ES) * (Sf)]
dau ‘

, where the parentheses represent concentrations.

From

(5) _d(ES)

U [kz + 1] - (BS) - Ky (B (5¢)



and

(6) - ?_g.il = Ky (Eg)* (S;) ~ k- (ES)

it follows that

(M) v = - d[‘fs) + (Sf)] = k, * (ES).
t

An approximate solution for (ES) in terms of the total substrate concen-
tration, (S), and total enzyme concentration, (E), — i.e.., (8) =(8;) +(ES)

and (E) = (Ef) + (E3) + (EPlf) + (EPZf) + (EI) — is given below,

From equation (5)

(Eg)- (5) - - L (ES)
kZ + k3
ky

and from equations (%) and (7)

©k
{1+k2 d(sg) *2 4(Es)

K| e TR d

3
(9) k = -
(Eg)- (Sp)
kZ + k3
Thus if K, designates the quantity _ ~, substituting k, of equation(9)
S K 1
1
in equation (8) gives d (ES)
1+ EZ_] 5 k2 g (ms)
(10) (ES) = kyl at ky o dt
Kg
a(s
With the assumption that d(ES) << ( f) then
dt dt

ay  (ms) = F ) _ [(B) - (BS) - (£P)) - (ER,) - (ED]- (5)

bo KS
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If it is now assumed that Ef, Plf and Epl are in equilibrium with

k
dissociation constant K“P =2 that E¢, sz and Efi?Z are in equilibrium

1 kg’
kg
with dissociation constant KPZ = g, and that E;, I and EI are in
k
equilibrium with dissociation constant K1 = _2, then the following
k
8

equations can be written if unit activity coeificients are assumed in

all cases,

) (Ef)' (Plf)
(IZ) KPl = W
(Ef)' (sz)

(13) KPZ =—_(_E—§ET_

(E) (1)
(14) K, = __(fﬁ_)f_

From equations (11), (12), (13) and (14), equation (15) can be derived.

5 (E)'(Sf)
(12 (=8 = (P)  (Pz2) (1))
Koo |1 45— + +— |+ (S¢)

From equation (7) and (15) we then have

TP G RIC 3 (B) (59
dt () (P,)
Ke-|1+_ 1 4 21)+9ﬂ+(5)
S K {
P, Kp, K

1f it is now assumed that (Sf)>> (ES), (If)»(EI), (Plf)>>(EP1) and
(sz))> (EP,), and if (Pl) = (Plf) + (EPI)’ (Pz) = (sz) + (EPZ) and

(1 = (If) + (EI), then equation (16) becomes
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iy - (E)- (5)

L _ 1 1 (1)}
K_+|1+|(S) (S){ - + +(S)
s { (81, - (5] [KP] K?Z] TR,

(17) v = - =

with (S)_ = (8) at time t = o, Equation (18) results if we integrate the
o q

above with respect to time.

| - I1 1 (D] 1, (S)o _Kg Kg
(18) k3(E) t-KS [l + (S)o LKp1+ KP2]+K1 } 1 8 +[1 I_{;_l,k_;]{(s)o_@]

Z
Equations (17) and (18) are the basic equations from which we may form
the equations of the simpler cases in which there is no added inhibitor
((1) = o) and/or one or both of the products do not act as inhibitors

(Kp1 —>00 and/or KPZ —>00), Thus in the simplest case in which there
is no added inhibitor and the products of the reaction do not act as

inhibitors, the following equations will result:

kye (E)- (S)
(19) v = ddis) “Kg T (9
(20) k (E)t =Kl (8)g
3 = Kg In + (s)O - (8).

(S)

At time, t = o, and with no added inhibitor, I, presemnt, the reciprocal

£

equation formed from equation (17) is

2y  1_ %8 1 1
Vo T (B B, T R(E)

Thus a plot of _‘,3___ VS, _L___

Y5 should yield a straight line which determines
o S
o}

the ky and Kg values (40). If the determination of KPI, Kp, or Kjis
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desired, they can easily be calculated from similar plots of ——]i- VS, e !

— (S)

if a kauown amount of Pl’ PZ or Iis present at time t - o. Thus if the
determination of KI is desired, one has simply to determine v, at

various (S)o values, in the presence of the same concentration of I.

From equation (22) (derived from equation (17) for this case)

(I)]
(22) 1 s [1 +KI 1 1
—_— . +
Vo T (E) (8, ~ k3-(®)
it is clear that a plot of s, 1) will yield Kj if Kg and k3 have been
vo T (S
o

determined. Similar methods involving known initial concentrations of

Pj or P1 will yield values of KPZ or KP]'

The approximation d(ES << requires that the initial por-
fion of the wvelocity curve, during which the concentration of ES builds
up from zero to its maximum or steady state value, occupy a sufficiently
small time interval so as not to be observahle in the extrapolation of the
velocity curve to t = o for the determination of Ve Thus vy in the above
equations is actually the velocity at the time when the approximation
d(Eb) <« ______ﬂ becomes applicable, and the difference between this
time and time t = 0 must then be so small that the amount of hydrolysis
occurring in this interval is negligible, within the experimental error
of the determination,

Unfortunately the determination of Kq and k3 does not lead to a

k
determination of the enzyme-substrate dissociation constant, ..1...2_ It only

<1
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gives the maximum possible value of this constant, The common practice
(9, 21, 41) of a comparison of Kg and k, values for the hydrolysis of

two or more substrates by the same enzyme to give a qualitative measure
of their relative affinities for the enzyme is not a valid procedure. In
using this procedure it is argued that if two substrates. S1 and SZ’ of the
sarne enzyme have KS and k; values such that (KS)1 < (KS)2 and

(k3)1 > (k3)2’ then the corresponding enzyme-substrate dissociation

constants will be in the same order as are the KS values, i.,e.,

kol o |k2
— <= . That this is not a valid conclusion is apparent from the
k k '
i1 112
kz k3 . k2
fact that _= = Kg - = and that therefore _— can vary anywhere from

almost zero to KS unless some restriction is put upon the value of k.
As the determination of KS and 1<3 only decides a minimum value of k;
(since k, cannot be less than zero), it is apparent that the determination
of these quantities for two substrates does not in itself determine even
a gualitative relationship between their enzyme-substrate dissociation
coanstants,

In the case of inhibition constants such as K; and KPl, no such
diff iculty in interpretation is encountered. In so far as the assumptions
involved in the formulation of the kinetics are approached, these con-
stants approach the values of the true dissociation constants of the

enzyme-~inhibitor complexes,



-13-

Results and Discussion

While no extensive investigations have heen made on the effect
of pH on the alpha-chymotrypsin catalysed hydrolysis of synthetic sub-
strates, measurement of the pH-activity curves for various substrates
has. indicated that the pH at which maximum activity occurs is dependent
upon the nature of the éubstrate (22, 42, 43). Therefore, the pH-activity
curve for alpha-chymotrypsin — acetyl-L-tyrosinehydroxarnide has been
determined in aqueous solution at 25° C. As can be seen from Fig. 1
the pH-activity curve has a rather sharp maximum at pH 7.6 which is
the pH at which all subsequent experiments were carried out.

A comparison of this curve with that for the system alpha-
chymotrypsin — acetyl-L-tyrosinamide (curves A and C of Fig. 1)

_ indicates that they are identical, within the limits of experimental error,
up to pH 7.6, but that at higher pH values the acetyl-L-tyrosinehydrox-
amide system exhibits significantly lower relative activity values than
does the acetyl-L-tyrosinamide system.

Although no attempt has been made to give a quantitative explana-
tion of the effect of pH on the algha-chymotrypsin catalysed hydrolysis of
acetyl-L-tyrosinehydroxamide, a possible explanation for the lower
relative activity of the hydroxamide over that of the amide at higher pH
values can be made., As the work of Bergmann and Fruton (12) indicates
that the presence of a negative charge near the susceptible bond causes

a loss of substrate activity, it could logically be assumed that the
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pH-Activity curves for alpha-chymotrypsin.

Curve A. Acetyl-L-tyrosinamide, experimental (22).

Curve B, Acetyl-L-tyrosinehydroxamide,
theoretical (see text).

Curve C. Acetyl-L-tyrosinehydraoxamide,
experimental (see Table II).



acetyl-Li-tyrusinehydroxamale ion is inactive as a substrate for alpha-
chymotrypsin, Thus, under this assumption, at higher pH values,
greater percentages of the total amount of substrate added would exist
in the inactive, charged form, causing a decrease in the activity over
and above that observed for substrates which exhibit less ionization.

It is of course necessary to know the pK] values of acetyl-L-
tyrosinehydfoxamide to ascertain if this idea is reasonable. These
values have been determined by potentiometric titration of an aqueous
solution of acetyl-L-tyrosinehydroxamide with 0. 01 N sodium hydroxide
(pp.59-64)., It is assumed that the pKi value of 9.0 relates to the
hydroxamic acid group, and that the pKIZ value of 10, 2 relates to the
phenolic hydroxyl group. This appears to be a reasonahle assumption
in view of the ~fact that the pK('OH) values for tyrosine and glycyltyrosine
have been found to be 10,07 and 10.40 respectively, while the two
PK(‘OH) values of tyrosyltyrosine are 9,80 and 10,26 (44). Although
the 9,0 value is considerably higher than the known pK; values for
hydroxamic acids, a pK; vaAlue of 7.55 for acetylhydroxamide being
representative of the alkylhydroxamic acids (45), it is certainly more
reasonable to associate it with the hydroxamic acid group than with the
phenolic group.

Using these pKll and pKé values, the fraction of the initial
acetyl-L-tyrosinehydroxamide concentration in the neutral (or, on the

basis of the above assumption, the active) form can easily he calculated
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as a function of the pH. Thus from pH 6.5 to the maximum pH of

7.6 this fraction changes very slightly, dropping from 1.00 to 0. Y6,
However, from pH 7.6 to pH 8.5, the fraction drops from 0,96 to

" 0.76, causing a greater loss of activity with increasing pH than might
bé expected of a non-ionizing substrate, such as the amide, if the
assumption of the inactivity of the charged form of acetyl-L-tyrosine-
hydroxamide is valid.

A graphical description of the possibility of the above
assumption is given in Fig. 1, curve B, which is a theoretical curve
of activity versus pH for the alpha-chymotrypsin — acetyl-L-tyrosine-
hydroxarnide calculated in the following manner:

it is assumed that the pH-activity curve for the acetyl-
L-tyrosinamide is the same as that for the neutral form of acetyl-
I.-tyrosinehydroxamide in that the v 's for both substrates may
be expressed by the following equation: v = f(pH)  C5- (S, ct)o >
where f(pH) is a function of pH and not dependent upon the nature
or concentration of either substrate; CS is a constant dependent
upon the naturc of the substrate such that f(pH): Cg is the
apparent first order constant (this of course implies that we
are dealing with substrate concentrations sufficiently smaller
than the Kg so that the rate curves are first order over the

time interval required to measure vo); and (Sact)0 is the initial
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concentration of the active substrate species. In the case of acetyl-L-
tyrosinamide, it is assumed that in the pH range concerned here,
(Sact)o = (S)O , the initial substrate concentration, whereas in the case

of acetyl-Li-tyrosinehydroxamide we assume that the charged [orm is
(112
]2 + K [HT] + K K;

at a particular pH is here defined as the ratio of the initial velocity at

Since the activity

inactive so that (Sact)o = (8)y°

that pH to the initial velocity at the pH showing maximum initial velocity,

then for acetyl-L-tyrosinamide the activity, B is

f (pHj)

a H = ]
A (PH,) (o s

velocity and pH; is the pH under consideration. Similarly the activity

where oH is the pH of maxirmum initial

ax,

of acetyl-L-tyrosinehydroxamide, agys is

,’ 1 1
f(pH;) (1 + 10{PHmax. "PE1) | 10(2PHmax, -PK1-PKZ))
f (pH )

aH (QHI) = ) ] 1 . ] 1
max, (1 + IQ(PHi - pPK1) + 10(ZPHi - pKy - PKZ))

and therefore
t

t - 1
+ IO(PHmax.' PKl) + ID(LPHmax,’ pKq -pKZ))
(1 + 10{PHj - pK1) 4 10(2pH; - pK] -pK'Z))

(23) agy(pH,) = a , (pH,)-

This treatment assumes that the difference between f(pH) at the pHmax.
for acetyl-L~tyrosinamide, 7.8, and at the gHmaX' for acetyl-L-
tyrosinehydroxamide, 7.6, is negligible, as indicated by a change in
activity for acetyl-L-tyrosinamide of only 1% for these two pH values.
Curve B of Fig. 1 was calculated from equation (23) and curve A

of Fig. 1. While it is apparent from the relatively good agreement

hetwzen the experimental and theoretical pH-activity curves that the
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idea of the inactivity of the charpged form of the acetyl-L-tyrosinehydrox-
amide is reasonable, it should be considered to be teatative in view of
the simplified treatment used (e.g., no consideration was taken of the
‘probable inhibition of hydrolysis by the charged form of the substrate,
or its possible hydrolysis at a reduced rate) and the assumptions involved.
However, it should be pointed out that the validity of the assumption that
the pH-activity curves for the neutral form of the two substrates are
identical is enhanced by the observation that both the alpha-chymotryp-
sin — benzoyl-L-tyrosinamide and the alpha-chymotryssin — benzoyl-L-
tyrosine ethyl ester systems have similar pH-activity curves (34).

At a constant pH of 7. 6 and constant temperature of 25, 0°C
it was assumed that equation (21) was applicable for the hydrolysis of
acetyl-L-tyrosinehydroxamide, Thus the initial velocity, v, was
determined at various substrate concentrations and plots of,-—l— Vs, !

Vo — (8),
were made, The data for these determinations is given in Tables 1II

and 1V and Figs. 2 and 3. The straight line curves resulting from the

L vs. plots (Fig. 3) gave mean values for Kg and k3 of 51 x 1073M

Vo — (§To

and 34 x 1073M. (min. _1)(mg. protein-nitrogen per ml, )'1 respectively.
The complicated units of k3 result from the uncertainty in the molecular
weight of alpha-chymotrypsin and in its purity. However, if it is
assumned that all of the protein in the samples used was alpha-chymo-
trypsin (see p. 2), that the molecular weight of alpha-chymotrypsin is
22,000 (46, 47) and that its nitragen content is 16% (9), k4 has the value

2.0 sec. '1.
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. 1 1 . )
The analysis of — vs. nlots tells us nothing in regard to
Y v, = @E P B B

the possible inhibition by the products of the reaction. I no such in-

hibition occurred, a plot of [Ks 1n E:;O + (S)o - (S)] versus time should

" yield a straight line passing through the origin and having a slope ky (E)
(see equation 20). The data given in Table V and Fig. 4 indicate, by the
dropping off of the points from the expected straight line after approxi-
mately 35% hydrolysis that there is inhibition by at least one of the
products. This is to be expected, since it has been found that acetyl-
L-tyrosine functions as a competitive inhibitor in the alpha-chymotrypsia
catalysed hydrolysis of acetyl-L-tyrosinamide and has a Kpl value of
0.11571 0.15 M (22). If equation (18) is simplified to the condition of

no added inhibitor and inhibition by only one of the hydrolysis products,

the following equation results:

(24) ky (E)t = KS~[1 + S)O]. In ((SS))O + [1 I.??_] . [(S)o - (S)]
P, P,

Thus if acetyl-l.-tyrosine is the only inhibitor present in the system,

then a plot of {KS [1 + (S)o ]1;1 (5)
1

° + [1 - .,lis_,_] [(S)O - (S)}} versus time
P1

should vield a straight line passing through the origin and having a slope

equal to k3 (E). From the data in Table V and Fig. 5 it can be seen that

the experimental points calculated on the basis of equation (2'4) and

assuming KP to have the value, 0.115M, mentioned above, do not
1

deviate from the expected straight line. As there is no evidence to



indicate that hydroxylamine inhibits the alpha-chymotrypsin catalysed
hydrolysis of acetyl-L-tyrosinehydroxamide, the data are therefore

consistent with the kinetic formulation,

k1 k.3
Ef+8f? ]EJS———~Ef+P1 +P2.
2 £ f
Ky

Ef + PlffEPl,

if the assumptions involved in the derivation of the rate equations are
valid,

The fact that the enzyme concentration was never larger than

0.031 mg. protein-nitrogen per ml. or 8,8 x IO-bM (calculated on the

same assumptions as to molecular weight, purity and nitrogen content

of alpha-chymotrypsin as used previously) and that the substrate concen-

tration was never less than 2 x 10_3 M indicates that the assumgption

(S)f))(ES) must be valid, as there is probably only one (at most two)
active sites per alpha-chymotrypsin molecule (26, 42, 48-50), Similarly

it must be concluded that after the initial rise of the ES concentration to

d(ES)

. . . d (S
its maximum or steady state value, the assumption that (5) > 3
t

dt

must hold, The fact that no initial period of increasing velocity is

observable (Fig. Z) indicates that the time iaterval required to reach
the maximum (ES) value is negligible relative to the experimental error.
It is also apparent from the analysis of the effect of the inhibition by the
products of the hydrolysis (Table V and Figs. 4 and 5) that the concen-
-3

tration of acetyl-L-tyrosine must be greater than 1 x 10°° M before it
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need be considered in the formulation of the kinetics, and that therefore

the assumption that (Plf) >> EF. must also be valid in the range of

1
(Plf) values that have an observable effect on the kinetics of the hydroly-
sis. Thus it would appear that the necessary assumptions involved in
the aerivation of the rate equation are valid under the conditions used

in these experiments, and that consequently the experimental data are in
accord with the kinetic formulation given in the previous paragraph,
These kinetics are similar to those noted previously for alpha-chymo-
trypsin and other specific substrates (21, 22, 27, 28),

In order to determine the relative tnzyme affinity effects of the
amide, hydrazide, hydroxamide and ethyl ester groups, the inhibition of
the alpha-chymotrypsin catalysed hydrolysis of acetyl-L-tyrosinehydrox-
amide by acetyl-D-tyrosinamide, acetyl-D-tyrosinehydrazide, acetyl-
D-tyrosinehydroxamide and acetyl-D-tyrosine ethyl ester have been
investigated., From previous observations it was expected that these

four compounds would function as competitive inhibitors to this hydroly-

sis. Thus plots of_‘_}. against 1 would be predicted to give straight
o S

line curves with a slope dependent upon the inhibitor concentration but
with an intercept independent of this concentration (equation 22), The
data given in Tables VI-IX and Figs. 6-9 show that all four inhibitors

act in this rmanner. The KI values calculated from these data and with

the aid of equation (22) are given in Table 1 below, along with their

corresponding -AFC values for the formation of the enzyme-inhibitor

complex,



Table 1
a o(b
Inhibitor k() a5
acetyl-D-tyrosine ethyl ester 4.0 3270
acetyl-D-tyrosinehydrazide 6.8 2960
acetyl-D-tyrosinehydroxamide 7.7 2890
acetyl-D-tyrosinamide 11.2 2660

(a) In units of 10-3 M at 25°C and pH 7.6 with ca, T 12%

rmaximum error,

(b) In calories per mole at 25°C and pH 7.6 to the nearest

10 calories, The error corresponding to that in Ky is

ca. T 75 calories.
It is clear that the additional assumption of (I)f>> (EI) involved in the
derivation of the rate equation for competitive inhibition must be valid
in all cases, since the total inhibitor concentration was never less than
5x 10-3 M, while the enzyme concentration was 29,4 x 10-3 mg. protein-
nitrogen per ml, or 8.4 x 10-6 M.

The simplest explanation of competitive inhibition kinetics is
that the inhibitor and substrate compete for attachment to the same
reactive site of the enzyme molecule. Therefore, if the hydrolysis of
two different substrates occurs via a reaction with the sarme reactive
site of an enzyme, a particular inhibitor acting in a competitive manner
in the hydrolysis of one substrate should competitively inhibit the
hydrolysis of the other substrate and exhibit the same enzyme-inhibitor
dissociation constant in each case., Thus the fact that the KI values for
the acetyl-D-tyrosinamide and acetyl-D-tyrosine ethyl ester inhibition

of the hydrolysis of acetyl-L-tyrosinamide (12,0 11.0x10°3M and

3,517 0.5x% IU-j M respectively — ref, Z2) agree, within experimental



-23-

error, with those for the inhibition of the hydrolysis of acetyl-L-tyrosine-
hydroxamide, indicates that the two substrates react with the same active
site on the enzyme molecule.

Similar data for the hydrolysis of the hydrazide and ethyl ester
are not available. However, since the alpha-chymotrypsin catalysed
hydrolysis of an asymmetric molecule is, in every case that has been
investigated, competitively inhibited by its antipode, then the fact that
acetyl-D-tyrosinehydrazide and acetyl-D-tyrosine ethyl ester competi-
tively inhibit the hydrolysis of acetyl-L-tyrosinehydroxamide, would
indicate that the hydrolysis of the corresponding hydrazide and ethyl
ester of the L~ configuration proceeds by combination with the same
site as that involved in the hydroxamide hydrolysis. Similarly the fact
that acetyl-D-tyrosine ethyl ester competitively inhibits the hydrolysis
of acetyl-L-tyrosinamide (22), that acetyl-D-tryptophane methyl ester
competitively inhibits the hydrolysis of nicotinyl-L~tryptophanamide (26)
and that nicotinvl-D-tyrosine ethyl ester competitively inhibits the
hydrolysis of nicotinyl-L-tyrosinamide (27) indicates that the amides
and esters are hydrolysed via the same reactive site,

Balls and coworkers (51), in examining the inhibitory effects
of diisopropyl fluorophosphate on the alpha-chymotrypsin catalysed
protein and ester hydrolysis, have concluded that the proteinase and
esterase activity of the enzyme is due to the same reactive site, It is
clear that the most reasonable interpretation of the evidence given above

is that the hydrolysis of proteins, amides, esters, hydrazides and
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hydroxamides is catalysed by reaction with the same reactive site of
alpha-chymotrypsin, Furthermore, it seems probable that there is only
one such site per alpha-chymotrypsin raolecule (26, 42, 48-50),

From a consideration of Table I, it is apparent that the relative
ordér of affinity of .the inhibitors to this site is ethyl ester > hydrazide D>
hydroxamide > amide, the ratio of the K; values for the four compounds
being 1.0:1.7:1.9:2.8, respectively, The ratio of the K1 values for the
ethyl ester (29), hydrazide (29), and amide (24) of acetyl-D-tryptophane
is 0.25x 107°M:0.75x 107°M: 2.7 x 10 >M or 1.0:3.0:10.8 respec-
tively. Thus it is clear that the degree of the effect of a change in the
R3 group upon the affinity is dependent upon the nature of the RZ group,
but that, in these two cases at least, the direction of the effect is inde-
pendent of this group.

It is of interest to compare this effect of a variation in the Ry
group on the K4 values with its effect on the Kg values of the corres-
ponding compounds of the L- configuration. The only available data
upon which such a quantitative comparison can be made concern the
alpha-chymotrypsin catalysed hydrolysis of acetyl-Li-tyrusinamide and
acetyl-L-tyrosinehydroxamide., The hydrolysis of acetyl-L-tyrosine
ethyl ester has been investigated only in 30 volumes per cent methanol
(9), while the hydrolysis of acetyl-L-tyrosinehydrazide has not been
investigated. The Kg values for the L-amide and L-hydroxamide are

30 % 10;31\4 (22) and 51 x 10_3M respectively, and the kj; values are
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3M' (min.)_lo (mg. protein-nitrogen per :rnl.)"l (22) and

2.4 x 10"
34 x 10 M- (min. )'1 . (mg. protein-nitrogen per ml, )"1 respectively,
The Kg ratio of L-amide to L-hydroxamide is thus 0.59 as compared to
the K; ratio of 1,45 for the corresponding D isomers, With the present
data it is impossible to conclude whether the inversion of the ratio is
due to the large change in k3 (i.e., k3 cannot be neglected relative to
k,) or actually represents a difference in the effect of a change of the
R group on the affinity of the L. and D compounds,

A change in the }R.1 group of tryptophanamide from the free
amino to the acetamido- to the nicotinamido- yields the same ratio for
the KPI and K¢ values for the L. compounds as for the K, values of the
D compounds (25), and a change in the R1 group of tyrosinamide from

the acetamido- to the nicotinamido- yields the same KS and K_ ratios

1

for the L and D compounds respectively (27). As has been pointed out
by Huang and Niemann (25), if this regularity is not fortuitous, the

simplest explanation is that a change in R, causes the same change in

k
the KI value of the D compound and the -1-;. ratio of the L. compound, and

1
that k; is always sufficiently small in relation to k, as to be a negligible

factor in the value of KS. If this interpretation is adopted, then the KS

k2

.~ wvalue of that com-

kl

pound, and if it is assumed that a change in R3 of amide to hydroxamide

value of acetyl-L.-tyrosinamide approximates the

in acetyltyrosine produces the same effect on the affinity of the LL and D

isomers, then the k, of the acetyl-L-tyrosinehydroxamide hydrolysis
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must be of the same order of magnitude as the k, value, If indeed it is

further assumed that the ratio of the KI values for the amide and hydrox-

k.
amide of acetyl-D-tyrosine is equal to the ratio of the _* values for the

k
1
‘amide and hydroxamide of acetyl-L-tyrosine, then the k; and k, values

for acetyl-L-tyrosine hydroxamide must be 66 M—l" sec.—l and 1,4 sec._1

respectively. It should be pointed out that the interpretation of the KS

for acetyl-L-tyrosinamide hydrolysis given above is the opposite of that

given by Kaufman and Neurath (33), who conclude from the fact that the

_L value of acetyl-L-tyrosinamide hydrolysis varies linearly with in-

Ks
creasing methanol concentration while the k3 value is unchanged, that kZ

ky

.

must be small relative to kg and that therefore Kg approximates —
1
However, as Huang and Nicmann (21) point out, their data can be

k
equally well interpreted on the assumption that KS approximates —Z-

1
It is not possible with the available data to reach a sound con-

clusion as to the relative sizes of k2 and k3 in the hydroxamide or the
amide hydrolysis. Ilowever, an investigation of the alpha-chymotrypsin
catalysed hydrolysis of acetyl-Li-tyrosinehydrazide and acetyl-L -tyrosine
ethyl ester might serve as a partial test for the interpretation that
k; >> k3 in the amide hydrolysis. The k3 value for the ethyl ester
hydrolysis would be expected to be much greater than that for the amide
(or even hydroxamide) (9), whereas the k; value for the hydrazide

hydrolysis should be of the same order of magnitude as that of the

amide (17, 29). Thus the interpretation that k,>> k4 for the amide and
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that in all cases a variation in R3 causes the same variation in the
dissociation cinstants o7 the L and D forms, leads to the prediction

that the hydrazide to amide Ky and K_ ratios would be the same, but

S
that the ethyl ester or hydroxamide to amide or hydrazide KS ratios
would be appreciably larger thar the corresponding Ky ratios for the

D isomers. An investigation of the acetyl-L.-tyrosinehydrazide

hydrolysis is now in progress by others of Dr, Niemann's group,



Experimental (52, 53)

Acetyl-D-tyrosine ethyl ester (I). 1, m.p. 96-97° C,

‘_o( }2)5 = -24,8%° (c. 7% in ethanol) was prepared from acetyl-DL-tyrosine
ethyl ester (54) as directed by Thomas, MacAllister and Niemann (22);

. o 25 o . .

lit, (22), m.p. = 95-97° C, |*] [y = -24.8% (c. 7% in ethanol).

Anal, Calcd. for C, H,,04N (251): C, 62.1; H, 6.8; N, 5,50,
13417v4

Found: C, 62.2; H, 6.,8; N, 5, 6.

Acetyl-D-tyrosinamide (II). II, m, p. 225-226° C,

[ocl é5 = -51.1°9 C (c. 0.8% in water) was prepared by ammonolysis of
1 (22); 1it. (22), m.p. 225-226° C, (&]2%= -49.4° (c. 0.9% in water),

Anal, Calcd. for C,,H,,0:N, (222): C, 59.4; H, 6.3; N, 12.6.
11*414-3%°2

Found: C, 59.5; H, 6.3; N, 12.6,

Acetyl-D-tyrosinehydrazide (II1I). A solution of 6.0 g. of Iin

15 ml. of absolute ethanol was slowly added to a refluxing solution of
2.5 ml, ol hydra=sine hydrate in 5 ml, of absolute ethanol and this
reaction mixture allowed to reflux for two hours. The precipitate
which formed, after standing for three days at 4° C, was recovered,
recrystallized twice from water, and dried in vacuo over phosphorus
pentoxide to yield 4.1 g, of III, m, p. 236-236,5° C, [€] 2% = -44,4°
(c. 0.4% in water).

Anal, Calcd. for C;;H1503N3 (237): C, 55.7; H, 6.4 N, 17.7.

Found: C, 55.6; H, 6.4; N, 17,6,



Acetyl-D-tyrosinehydroxzamide (IV). A solution of 11.0 g. of

1in 22 ml. of 3.5 M hydroxylamine in methanol was cooled to 0° C, 41 ml.
of 1.3 N methanolic sodium methoxide added and the reaction mixture
allowed to stand at 4° C for five days. The crystalline precipitate which
formed was recovered, washed with methanol and dried in vacuo over
phosphorus pentoxide to give 7.5 g. of the sodium acetyl-L-tyrosine-
hydroxa.mate (V), m.p. 182-183° C with decomposition, Evaporation of
the mother liquors to 40 ml. and addition of 20 ml. of 2,6 M hydroxyl-
amine in methanol gave a second crop of 2.5 g. of V, m.p. 179-180° C
with decomposition, To 7.5 g. of V and 3.6 g. of sodium bisulfate,
previously dried in vacuo over phosphorus pentoxide for nine days to
remove water (the molecular weight of this sodium bisulfate was 124 as
determined by titration with sodium hydroxide solution), was added

180 ml, of dry, absolute ethanol, This reaction mixture was closed
from air and shaken for four and one-half hours at 0° C. An extremely
fine white precipitate of sodium sulfate formed which was removed and
the filtrate evaporated in vacuo to yield 6.4 g. of crystalline IV,

m. p. 141-142° ¢ with decomposition, This material was recrystallized
three times from water to give IV, m.p, 143-144° C with decomposition,
[0‘] 1235 - 36.5° (c. 5% in water),

Anal, Calcd, for Cy1H;404N5 (238): C, 55.5; H, 5.9; N, 11.8.

Found: C, 55,.6; H, 5,8; N, 11.7.
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Acetyl-L-tyrosine ethyl ester (YQ Nine hundred fifty ml, of

2N sodium hydroxide and 120 ml, of acetic anhydride were added alter-
nately in eight equal portions to a solution of 86 g, of L-tyrosine in

144 ml. of water and 445 ml. of 2N sodium hydroxide, the temperature
of the reaction mixture being kept below 10° C. This solution was kept
at room temperature for four and one-half hours and then 484 ml. of
()NHZSO4 was added. This solution, after standing for two days at 4° C
was filtered to remove a small amount of inorganic material, It was
then evaporated in vacuo Lo a thick syrup (55), taken up in 1150 ml. of
absolute ethanol, filtered, evaporated, the residue dissolved in 1150 ml.
of absolute ethanol and the solution again evaporated. The residue was
taken up in 575 ml. of absolute ethanol, saturated with anhydrous hydrogen
chloride and refluxed for two hours. The reaction mixture was evapo-
rated in vacuo to a thick syrup which upon treatment with 140 ml. of

M sodium carbonate crystallized and yielded after recrystallization
from water and drying in vacuo over phosphorus pentoxide at 58° C,

60 g. of VI, m.p. 95-96° C. A portion of this material was twice re-
crystallized from aqueous ethanol to yield VI, m. p. 96-97° C,

[¢]2° + 24.6° (c. 7% in ethanol); lit. (16, 22), m.p. 96-97° C,

[_oc]25 + 24.7°.

D
Anal, Calcd, for C13H17O4N {251): C, 62.1; H, 6.8; N, 5.6,

Found: C, 62.2; H, 6.8; N, 5.5,
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Acetyl-L-tyrosinehydroxamide (VII). VII, m,p, 143-144° C,

[d] é5 + 38.3% (c. 5% in water) was prepared from VI in the same
manner and in approximately the same yield as was IV from I, except
that isopropyl alcohol as well as water was used in recrystallization.

Anal. Caled. for C;;H 404N, (238): C, 55.5; H, 5.9; N, 11.8.

Found: C, 55.5; H, 6.0; N, 11.6.

Buffer solutions: Technical tris-(hydroxymethyl)-aminomethane

(Commercial Solvents) was recrystallized twice from aqueous methanol
to give a product, large colorless rods, m.p. 169-169, 5°, A stock
solution, 1.53 formal with respect to the amine component,was prepared
by the addition of sufficient 3 N hydrochloric acid to an agueous solution
of the amine to give a solution of pH 7.62 at 259 C. This stock solution
was used in all studies conducted at pH 7,6, since it was found that in
the presence of enzyme, substrate and inhibitor, a 2.0:10.2 dilution of
this stock solution yielded a reaction mixture, 0.300 formal in the amine
component and of pH 7. 60 t 0,02 at 25° C. A maximum pH change of
only 0.05 pH units was noted when as much as 0,015 moles /liter of the
substrate was hydrolysed., Other stock solutions 1.5 formal with respect
to the amine component were prepared in the same manner for studies

at other »H values in the determination of the pH-activity curves,

Ferric chloride solutions: A standard ferric chloride solution

(Solution A) was prepared as follows: 15.0 g. of reagent grade anhydrous



ferric chloride was dissolved in 500 ml. of 1,29 N hydr.ochleric acid
and diluted to one liter with absolute rnethanol. The ferric chloride
solution used in the colorimetric analysis of acetyl-L-tyrosinehydrox-
amide (Solution B) was prepared by dilution of 100 ml. of the Solution A
with 500 ml. of absolute methanol and sufficient water to make a total
volume of one liter. When kept in the dark, Solution A was stakle over
a period of five months. Solution B was freshly prepared irom Solution A
every few weeks, and no instability was obserwved. Stability of these
solutions was measured by the intensity of the color formed with acetyl-
L-tyrosinehydroxamide, Since this intensity of color is sufficiently
independent of the concentration of the ferric chloride that a T 10%
variation in this concentration does not cause an appreciable difference
in the colorimeter reading for all concentrations of acetyl-L-tyrosine-
hydroxamide used in this investigation, it was possible, in spite of the
deliquescence of the ferric chloride, to make up standard ferric chloride
sclutions which gave identical calibration curves in the colorimetric

analysis of acetyl-L-tyrosinehydroxamide.

Enzyme solutions: Crystalline alpha-chymotrypsin (Armour,

Lot No. 90402), containing magnesium sulfate, was used iu all of the
experiments. Enzyme stock solutions were prepared daily and kept at
4° C except for not more than four periods during the twenty-four hour
interval when they were brought to 25° C for withdrawal of a 0.2 ml.

aliquot, The solutions maintained a constant enzyme activity over this



interval; in fact the activity remained constant aver a 48-hour interval
when kept at 4° C, The protein-nitrogen content of the enzyme solution
was determined by the Kjeldahl method after precipitation with trichloro-

acetic acid,

Enzymatic reactions: The substrate and buffer, or substrate,

inhibitor and buffer, in solution form were added to a 10-ml. G. S,
volumetric flask and the flask filled with water to the 10-ml., mark,
This flask was then placed in a 25, 00 1 0.05° bath for at least 30 minutes.
At minus 10 seconds from zero time, 0.2 ml, of enzyme solution was
added and at zero time the flask was stoppered and gently inverted
approximately 10 times. The flask was then replaced in the bath and
0.2 rml. aliquots were removed at convenient intervals and delivered
into calibrated colorimeter tubes containing 10,0 ml, of ferric chloride
solution B. The contents of the tubes were shaken vigorously and the
intensity of the color determined with a Klett-Summerson photoelectric
colorimeter equipped with a green filter (filter no. 54 -- transmission
range of ca. 500-570 millimicrons). A standard calibration curve was
prepared from solutions containing various amounts of acetyl-L-
tyrosinehydroxamide in tris-(hydroxymethyl)-aminomethane 0.300
formal in respect to the amine comyponent. It was found that for con-
centrations of acetyl-L-tyrosinehydroxamide up to 0,050 molar in the
original solution the colorimeter readings were directly proportional

to the concentration of the hydroxamide, The progporticnality constant
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was found to be independent of the presen.ce of alsha-chymotrypnsin,
acetyl-Li-tyrosine, hydroxylamine, acetyl-D-tyrosine ethyl ester,
acetyl-D-tyrosinamide, and acetyl-D-tyrosinehydrazide, in amounts
equal to or greater than the maximum amounts involved in the enzymatic
reactions. The same proportionality constant is observed with acetyl-
D-tyrosinehydroxamide, and this constant is independent of the hydrogen
ion activity over the pH range 6,5 to 9.1, The color formed, whether
from the addition of aliquots from the enzyme reaction mixture or

from the solutions used for calibration, was stable vver a period of two
hours after mixing. All readings were taken within this time interval
and were reproducible to within T 2%,

As the initial portion of the rate curves (20-30% hydrolysis)
was always observed to be first order, values of 1og10 R (R = colorimeter
reading) were plotted against time (typical curves are shown in Fig. 2)
and the initial velocity at zero time determined from the apparent
initial first order rate constant and the initial substrate concentration.

It should be pointed out that it is only necessary to know that the
colorimeter readings are directly proportional to the acetyl-L~tyrosine-
hydroxamide concentration, since the value of the proportionality
constant is not a factor in the determination of the apparent first

order constant,
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The following data have been determined according to the

procedure outlined in this section. The legend of symhbols is as

follows:

t = time in minutes

(E) = alpha-chymotrypsin concentration in mg. protein-
nitrogen per ml,

(S) = substrate concentration in moles per liter

(S)O = initial substrate concentration in moles per liter

R = colorimeter reading

c = nroportionality constant of substrate concentration to
colorimeter reading in moles per liter, i.e., (§) = ¢-R

ve = velacity of reaction at t = o in moles per liter per

minute

a = relative activity
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Table 11

The Dependence of the alpha-Chymotrypsin Catalysed Hydrolysis
of Acetyl-L-tyrosinehydroxamide on pH at 25° C.

(S)o = 9.8 x 1073 molar,
(E) = 0.0306 mg. protein-nitrogen per ml.
0.294 formal tris-(hydroxymethyl)-aminomethane — hydrochloric acid
buffer,
c =7.5x 1072 molar.
oH  t R LogR v%x10® a |[pH t R LogR w=x10% a
6.,5% 1.2 128 2.107 0.85 0,48 |7.59 1.1 130 2,114 1.76 1.00
6.0 121 2.083 4,7 120 2,079
11,0 116 2.064 10.3 109 2.037
16,0 112 2.049 15,0 100 2,000
22.5 105 2,021 21,0 90 1.954
26,0 12z Z.u09 25,0 84 1.924
51,6 99 1.996 30.0 76 1,881
36.2 94 1.973 © 35,1 70 1.845
46.0 87 1.940 45.0 58 1.763
56.0 80 1.903 55.0 49 1.690
6.93 1.2 128 2,107 1,3% 0,79 |7.80 1.1 129 2.111 1.68 0.96
6.2 117 2,068 6.1 115 2,061
12,5 107 2,029 11.0 107 2.029
18,0 1060 2,000 16,0 98 1.991
23,0 95 1.978 21.0 91 1.959
28,0 87 1.940 26,0 84 1.924
33.0 g2 1.914 31.0 76 1.881
38. 0 76 1.881 36,0 69 1.839
44,0 09 1.839 46, 0 5 1.771
48,0 65 1.806 56,0 50 1.699
7.40 1.0 128 2,107 1,69 0.96 |7.99 1,2 128 2,107 1.47 0.84
6.0 117 2,068 6.0 119 2,076
10.5 109 2.037 11.2 109 2,037
i5.40 101 2.004 l6,u 103 2.013
20,5 93 1.968 21,0 94 1,973
25,5 85 1,929 26.0 89 1.949
30.5 76 1.881 31.0 81 1.908&
35,56 70 1,845 36.0 76 1,881
40,5 66 1,820 46.0 65 1,813
45,5 60 1.778 56,0 56 1,748
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Table 11, cont.

PH t R LogR vwxl® a|sH ¢ R LogR v,x10° a
8.20 1.0 130 2.114 1.37 0.76|8.78 1.1 128 2.107 0.79 0.45
6.0 120 2.G79 5.8 122 2.086
11,0 113 2.053 10.9 117 2.068
16.0 103 2.013 15.8 115 7.061
21.0 98 1.991 20.8 108 2.033
26,0 90 1.954 25.8 104 2.017
31,0 85 1.929 30.8 102 2.009
36.5 79 1,898 35,8 96 1.982
46.0 69 1.839 45.8 90 1.954
56.0 61 1.785 55.8 84 1.924
8.39 1.2 130 2.114 1.13 0.61]9.07 1.0 129 2.111 0,26 0.15
7.0 120 2.079 5.0 127 2.104
12.0 113 2.053 9.8 125 2.097
17.0 107 2.029 15.0 125 2,097
23.0 100 2.000 20,0 123 2.090
27.0 97 1.987 25,0 1206 2,079
32.0- 93 1.964 30,0 120 2,079
37.0 86 1.934 35,0 116 2.072
47.0 77 1.886 45,0 115 2,061
57.0 70 1.845 55,0 111 2.045

*The pH dropped from 6, 58 to 6.42 during the course of the reaction.
At all other pH values the buifer held the pH constant to within
T 0.02 pH units.
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Table 111

The alsha-Chymotryossin Catalysed Hydrolysis of
Acetyl-L-tyrosinehydroxamide at pH 7,6 and 25.0° C.

(E) = 0.0209 mg. protein-nitrogen per il

0. 300 formal tris-(hydroxymethyl)-aminomethane — hydrochloric acid
buffer, pH 7. 6.

¢ = 7.5x 10 Pmolar,

Kg = 51.6 x 10-3 molar.

1(:.
a

I

33,7 = 10‘3Inolaro(rnin.)'l-(rng. protein-nitrogen per ml.)~1

(8),x10° t R  LogR vx10%[(5),<10> t R LogR vx10%
40,0 1.0 525 2,720 3.12 | 40.0 1.0 520 2.716 3.04
4,2 510 2.708 6.0 495 2.695
8.2 490  Z.690 12.0 477 2,678
12,0 475 2,677 18.0 445 2,648
16,0 470 2.672 24.0 440 2. 644
20,0 450 2,653 30,0 412 2.615
23.0 415  2.618 36,0 399 2,601
30,0 1.1 385 2.586 2.48 |[30.0 1,0 395 2.597 2.70
4.0 380 2.580 6.0 378 2.578
7.7 365 2,562 12,0 348 2,542
12,0 360 2.556 24,0 322 2.508
16,0 347 2,540 30.0 298 2,474
20,0 340 2,532 36,0 287 2,458
26.0 318  2.502
20.6 1.0 267 2.426 1.97 [20.0 1.0 267 2.426 1,96
6.0 244 2,387 6.0 254 2,405
12,0 238 2,377 12,0 237 2,375
18.0 226  2.354 18.0 227 2.356
24,0 211 2,324 24,0 214 2,330
30,0 199 2.299 30,0 201 2.303
36.0 195  2.290 36.0 191 2,281
10.0 1.0 131 2,117 1.16 [10.0 1.0 133 2.124 1.15
6.0 124  2.093 6.0 126 2.100
12.0 111  2.045 12,0 119 2.076
18.0 104 2,017 18.0 108 2.033
24.0 98 1.991 24,0 102 2,009
30,0 9z 1.964 30,0 95 1,978
56,0 87,5 1.942 36,0 90 1.954
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Table 111, cont.

(), 103 t R LogR vx10* |(S)px103 t R LogR v x10%
5.0 1.0 67 1.826 0,615 5.0 1.1 65 1.813 0.511
6.0 60 1.778 6.0 62 1.79z
Z.0 57 1.756 12.0 57 1.756
18.0 55 1.74D 18.0 53 1.724
24.0 50 1.499 24.0 50 1.699
30.0 47 1.572 30.0 465 1.668
36.0 43 1.634 36.0 43 1.634

Note: Soluticns of acetyl-L-tyrosinehydroxamide buffered at oH 7.5 do
not show any change in acetyl-L-tyrosinehydroxzamide concentration
when kept at 25. 09 C for at least three days in the absence of
alpha-chymotrypsin,
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Table IV

The alpha-Chymotrypsin Catalysed Hydrolysis of
Acetyl-L-tyrosinehydroxamide at pH 7.6 and 25, 0° C.

(E) = 0.0294 mg. protein-nitrogen per ml,
0,300 formal tris-(hydroxymethyl)-aminomethane — hydrochloric acid
buffer, pH 7. 6.

¢ = 1.4z 10-2 molar.
Kg= 51.0x 1072 nolar.
ky = 34,7 % 1073 molar. (min.)'l' (mg. protein-nitrogen per ml.)-l.
(S), 105 t R LogR vx10%|(8)x103 t R Log R yxlo?
35.0 1.0 470 2,672 4,09 16,0 1.0 210 2,322 2.45
6.0 448 2,651 6.0 195 2,296
12,0 400 2,602 18.0 166 2,220
18.0 390 2.591 24.0 148 2,170
24,0 354 2,549 3G.0 138 2, 140
30,0 335 2,525 36.0 120 2,079
37.0 303 2.481
25,0 1.0 335 2,525 3.37 13.0 1.0 174 2.240 2,10
6.0 305 2.484 6.0 160 2,204
12.0 276 2. 441 12.0 147 2,167
18.0 262 2.413 18.0 132 2,121
24,0 240 2.380 24.0 120 2,079
30.0 223 2.348 3G.0 108 2,033
36.0 205 2,312 36,0 160 2,000
20.0 1.0 268 2,428 2,86 11.0 1.0 149 2,173 1,84
6.0 248 2,394 6.0 i35 2,130
12,0 232 2,366 12.0 121 2,083
18.0 209 2,320 18.0 111 2,045
24,0 192 2.2853 24.0 100 2,000
36,0 163 2,212 30.0 91 1,959
36.0 83 1.919
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(s), x 103t R LogR wv,x10°
9.00 1.0 120 2.079 1.53
6.0 108 2.033
12.0 99  1.996
18,0 90 1.954
24.0 80 1.903
30,0 73 1.863
36,0 65 1.813
7.00 1.0 95 1.978 1.23
6.0 89  1.949
12.0 80 1.903
18,0 71  1.851
24,0 64 1.806
30,0 57 1.756
36,0 53,5 1.728
5. 00 1.0 67 1.826  0.88°
6.0 61 1.785
12.0 56 1.748
18.0 49  1.690
24,0 45  1.653
30.0 40 1.602
36,0 ) 1.55¢6
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Fig. 2. Logarithm of the colorimeter reading versus time
for the alpha-chymotrypsin catalysed hydrolysis of
acetyl-L-tyrosinehydroxamide. (E) = 0.2%4 mg.
protein-nitrogen per ml,
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Fig, 3. __1_ Versus 1 plots for the system alpha-chymo-

Vo —— (81,

trypsin — acetyl-Li-tyrosinehydroxamide at pH 7.6
and 25°C. (S)y in units of 1073 M; Vo in units of
1073 M. min. "1; (E) in units of mg. protein-nitrogen

per ml,
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Table V

Inhibition of the alpha-Chymotrypsin Catalysed Hydrolysis
of Acetyl~-L~-tyrosinehydroxamide by the Products of the

- Reaction,
(), = 20.0 % 1072 molar.
(E) = 0.0209 mg. protein-nitrogen per ml,

0.300 formal tris-(hydroxymethyl)-aminomethane — hydrochloric acid
buffer, pH 7.6 at 25.0° C.

c = 7.4l x 10-5,
a3 % ((S), - (s)) (S), 3 ¥
t R (8)x107 o grolysis  x 1073 LogTgy  F(S)xI0 F(S)
0.0 270 20.90 0.0 0.0 0.07300 0.0 0.0
1.0 2t8 19.87 0.6 0.13 0.0030 0.5 0.5
5.0 258 19,12 4.4 n. 88 0.0195 3.2 3.2
15.0 234 17.3% 13.3 2. 66 0.0614 9.9 10. 0
25.0 2i0 15.56 22.2 4. 44 0.1096 17. 4 17. 7
40.0 179 13.27 33.6 (.73 0.1784 27.8 28.5
55.0 150 11.1! 44. 4 8. 89 0.2550 39.0 40. 3
70.0 131 9.7% 51.4 10. 28 0.3134 47.3 49, ;
85.0 110 8.15 59.2 11.8° 0.3902 57.9 60. 8
100.0 92 6.8% 5.9 13.18  0.4673 68. 4 72.2
120.0 76  5.63 71.8 14. 37 0.5511 79.5 84.5
F(8) = 2.303 K 10g(s)o + (8), - (8)
S (S)
K
F(S) = 2.303 Kg (1 + 00 1og Soy (1 - B8 y(5) (g))
Kp (S) Kp °
1 P
KS = (,0513 molar.

k, = 0.0342 molar-(min.)'l'(mg. protein-nitrogen per ml, )1

T see Tables 111 and IV,

Kpl = 0,115 molar,
--see reference 22.
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Fig. 4. F(S) in units of ]O—BBA;apetyl’Lftyrosinehydrox—
amide, (S), = 20.0 x 1073 M; (E) = 0.0209 mg.
protein-nitrogen per ml,
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Fig. 5. F¥(S) in units of 1073 M; acetyl-L-tyrosine-
hydrozarnide, (S), = 20.0 = 1077 M; (E) = 0.0209 mg.
protein-nitrogen per ml.



Inhibition of the alpha-Chymotrypsin Catalysed Hydrolysis of

-47-

Table VI

Acetyl-L-tyrosinehyaroxamide by Acetyl-D-tyrosine Ethyl Ester

at pH 7.6 and 25,0° C.

(E)
(1

0.0294 mg. protein-nitrogen per ml.
5.00 x 1073 molar,

0.300 formal tris-(hydroxymethyl)-aminomethane — hydrochloric acid

buffer, pH 7.6 at 25.0° C,
7.5 % 10-5 molar,

C

K; = 4.0 x 1073 molar,
(S)yx10%2 t R LogR wx104|(s)xl? t R
35,0 1,0 455 2,658 2,56 20.0 1,0 261 .41
8.0 430 2,634 8.0 254 2,405
16.0 410  2.613 16.0 236 2,373
24,0 385 2,586 24,0 222 2,346
32,0 363 2.560 32.0 204 2,310
40.0 340 2.532 40,0 191 2,281
48,0 326 2,513 48.0 183 2,262
31.3 1,0 415 2.618 2,33 |16.2 1.0 217 2,336
8.0 385 2,586 8.0 206 2.314
16.0 375 2.574 16.0 195 2.2%u
24.0 355 2,550 24.0 182 2,260
32,0 330  2.518 32.0 166 2,220
40,0 312 2,494 40.0 156 2,193
48,0 286 2,456 48,0 143 2,155
27.5 1.0 368 2,566 2,07 [12.5 1.0 164 2.215
8.0 350 2,544 8.0 154 2,188
16.0 323 2,509 16.0 146 2.164
24.0 304 2,483 24,0 132 2,121
32.0 291 2,464 32,0 128 2,107
40,0 274 2,438 40,0 118 L, 072
48.0 259 2,413 48,0 111 2,045
23,8 1.0 310 2.491 1.85 [8,78 1.0 116 2,064
8.0 296 2.471 8.0 111 2,045
16,0 281 2,449 16.0 103 2,013
24,0 261 2,417 24,0 97  1.987
32.0 249 2,396 32,0 89 1,949
40,4 228  2.358 40.0 83 1,919
48,0 217 2,336 48.0 79 1.898

Log R v, x10%

1.60

1.34

1.06

0.761
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Table VI, cont.

(5)g 103 ¢ R Log R v, x 10%
. 00 1.0 67.5 1.829 0,446

8.0 64 1,806

16,0 60 1.778

24,0 55 1. 740
'32.0 51 1.708
40.0 48 1. 681
48.0 43.5 1.638
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Fig. 6. Inhibition of hydrolysis of acetyl-L-tyrosine-
hydroxamide by acetyl-D-tyrosine ethyl ester;
Vo in units of 1073 M- (min. )~ 1; (S), and (I) in
units of 1073 M; (E) = 0. 0294 mg. protein-
nitrogen per ml,
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 Table VII

Inhibition of the alpha-Chymotrypsin Catalysed Hydrolysis
of Acetvl-L-tyrosinehydroxamide by Acetyl-D-tyrosine-
hydrazide at pH 7.6 and 25.0° C.

i

(E)

(1) =7.51 x 1073 molar,

0.300 formal tris-(hydroxymethyl)-aminomethane — hydrochloric acid
buffer, pH 7.6 at 25,0° C.

7.45 x 10°3 molar.

(e}
i

K; = 6.8x 10~3 molar.

0.0294 mg. protein-nitrogen per ml,

(s),x103 't R  LogR AX%?104 (), x103 t R LogR vxl0*
35.0 1.0 459 2.662 2.52 | 23.8 1.0 327 2,517 1.93
8.0 444 2,647 8.0 308 2,489
16,0 410 2,613 16.0 287  2.458
24.0 382  2.582 24.0 270  2.431
32.0 370 2.568 32.0 254 2,405
40,0 347  2.540 40.0 238 2.377
48,0 330 2,518 48,0 220 2,342
31,3 1.0 417 2.620 2.35 | 20.0 1.0 265 2.423 1.65
8.0 396 2,598 8.0 252 2,401
16.0 366  2.564 16.0 228  2.358
24.0 355 2,550 24,0 218  2.338
32.0 325  2.512 32.0 206 2.314
40.0 315  2.498 40.0 192 2,283
48.0 295  2.470 48.0 187 2,272
27.5 1.0 370 2.568 2.11 | 16.2 1.0 218 2.338 1.38
8.0 345 2.538 8,0 202  2.305
16.0 327 2.514 16.0 190  2.279
24,0 308 2.489 24.0 180  2.255
32.0 290  2.462 32,3 167  2.223
40.0 272  2.435 40,0 158  2.199
48.0 257 2,410 48.0 145 2,161
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(s), x 10° t R Log R v_x10%
12.5 1.0 167 2.223 1.07

9.0 152 2.182

18.0 143 2.155

28,0 133 2.124

38,0 122.5  2.088
48,0 112 2.049

8.76 1.0 116.5 2.066  0.745

9.0 109 2.037

17.0 105 2.021

26,0 97 1.987

37.0 87 1.940

48.0 80 1.903

5,02 1.0 67 1.826 0,474

8.0 62 1.792

16.0 58 1.763

25,0 54 1.732

32.0 50 1. 699
40.0 46 1. 663

48,0 42 1.623

A solution — 10,0 x 1073 molar in acetyl-D-tyrosinehydraczide,

0.150 mg. protein-nitrogen per ml. in alpha-chymotrypsin,

0.0306 formal in tris-(hydroxymethyl)-aminomethane — hydrochloric
acid buffer, pH 7.6 — showed no hydrolysis of the hydrazide over a
period of six hours at 25.0° C, The formal potentiometric titration
method (21) was used for the determination of the activity,
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Fig, 7, Inhibition of hydrolysis of acetyl-1.-tyrosine-
hydroxamide by acetyl-D-tyrosinehydrazide;
v, in units oi 107" Memin. ~1; (8), and () in
units of 1073 M; (E) = 0. 0294 mg. protein-
nitrogen per ml,
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Table VIII

Inhibition of the alpha-Chymotrypsin Catalysed Hydrolysis
of Acetyl-L-tyrosinehydroxamide by Acetyl-D-tyrosine-
hydroxamide at pH 7.6 and 25.0° C.

(E) = 0.0294 mg, protein-nitrogen per ml,

(I) = 7.50 x 10~3 molar (Colorimeter reading of 100, R').

0. 300 formal tris-(hydroxymethyl)-aminomethane — hydrochloric acid
buffer, pH 7.6 at 25.0° C,

7.5 x 1075 molar,

1}

c

K; = 1.7% 10-3 molar,

Eﬁgx103 t R R -R' Log(R -R') vai04
35,0 1.1 560 460 2,663 2,67
4,0 540 440 2. 644
8.0 543 443 2,646
12,0 520 420 2.623
16,0 510 410 2.613
21.0 497 397 2.599
24,0 490 390 2.591
28.0 475 375 2.574
32.0 462 362 2.559
30.0 1.2 490 390 2,591 2,42
8.0 473 373 2.572
16,0 448 348 2,542
24,2 424 324 2.510
32,0 407 307 2,487
40.0 390 290 2,462
48,1 371 271 2,433
56,0 353 253 2.403
25.6 1,0 435 335 2.525 2.08
8.0 415 315 2.498
16.0 399 299 2.476
24,0 381 281 2,449
32.0 362 262 2.418
40.0 350 250 - 2.398
48,0 330. 230 2,362
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(), x 103 t R R-R' Log(R-R' v,xlo%
21,2 1.0 376 276 2. 441 1,83
8.0 362 262 2.418
16.0 345 245 2.389
24,0 325 225 2.352
32,0 312 212 2.326
40.0 297 197 2.294
48.0 283 183 2.262
16.8 1.2 320 220 2,342 1. 47
8.1 306 206 2.314
16.0 293 193 Z,286
24,0 281 181 2.258
32.1 269 169 2,228
40.0 258 158 2.199
48.0 245 145 2,161
12.4 1.1 264 164 2.215 1.15
8.0 253 153 2.185
16.0 239 139 2.143
24,0 232 132 2,121
32.0 222 122 2.086
40,0 214 114 2,057
48,0 204 104 2.017
8. 00 1.1 206 106 2.025 0.774
8.0 199 99 1.996
16.0 190 90 1.954
24.0 185 85 1.929
32.0 178 8 1.892
40.0 171 71 1.845
48.0 166 66 1.820
50. 0 165 65 1.813
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Table VIII, cont.

(S), x 103 t R R-R' Log(R-R') v_xlo*
7.00 1.1 192 92 1.964 0. 681
4.1 188 88 1.944
8.0 185 85 1.929
12,1 181 81 1.908
16.0 179 79 1.898
20,1 175 75 1.875
25.0 172 72 1.857
28.0 169 69 1.839
32,0 167 67 1.826
36.0 164 64 1.806

A solution = 20,0 x 1()"3 molar in acetyl-D-tyrosinehydroxamide,
0,0294 mg. protein~nitrogen per ml, in alpha-chymotrypsin,

0.300 formal in tris-(hydroxymethyl)-aminomethane — hydrochloric
acid buffer, pH 7.6 — showed no hydrolysis (i.e., maintained same
colorimeter reading) over a period of twenty-two hours at 25,0° C.



0 0.05 0.10 0.15 0.20

Fig. 8, Inhibition of hydrolysis of acetyl-L-tyrosinehydroxamide
by afcetyl-D’tyrosi‘nehydroxamide; v, in units of
10-3 M- min. “1: (S)_ and (1) in units of 1073 M; (E) =0,0294
mg. protein-nitrogen per ml,
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Table IX
Inhibition of alpha-Chymotrypsin Catalysed Hydrolysis of
Acetyl-L~tyrosinehydroxamide by Acetyl-D-tyrosinamide
at pH 7.6 and 25.0° C.

0.0294 mg. protein-nitrogen per ml.
10,0 x 10~3 molar,

0,300 formal tris-(hydroxymethyl)-aminomethane — hydrochloric acid

C

n

buffer, pH 7. 6 at 25,0° C,
7.5 % 10”2 molar,

K; = 11.2.
(S),x103 t R LogR v x104(s),x103 t R LogR vxio?
35,0 1.0 469 2.671 2.80 | 20.0 6.2 260 2,415 1,82
6.2 445 2,648 12,0 241 2,382
12,0 427 2,630 18,0 232 2,366
18,0 408 2,611 24.0 219 2,340
24.0 390 2,591 30,0 206 2,314
30.0 370 2,568 36,0 194  2.288
36,0 355 2,550
31.53 1.2 425 2,628 2.59 16.2 6.0 209 2,320 1.50
6.0 408 2.611 12.0 202 2.305
12,0 382 2,582 18,0 187 2,272
18,0 356 2,551 24,0 179 2,253
24,0 342 2,534 30,0 170 2,230
30,0 329 2,517 6.0 160 2.204
36.0 320 2,505
27.5 1.0 368 2.566 2.32 12,5 1.0 162 2,210 1.18
5.8 351 2,546 6.6 150 2,176
11,8 340  2.532 12,0 148 2,170
17.8 323 2.509 18,0 138 2,140
23.8 303 2,481 24,0 129 2,111
29.8 288 2.459 30.0 123 2,090
35.8 272 2,435 36.0 118 2,072
23.8 6,0 304 2,483 2,08 |8.76 1.0 118 2,072 0.887
12,0 290  2.462 6.0 113 2,053
18.4 273 2.436 | 12.0 108  2.033
24,0 258 2.412 18.0 99  1.996
30,0 252 2,401 24.0 92 1.964
36.0 236 2,373 30,0 88 1,944
36,0 84 1.924
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Fig. 9. Inhibition of hydrolysis of acetyl-Li-tyrosine-
hydroxamide by acetyl-D-tyrosinamide; v in
units of 10-3 M- min. ~}; (8), and (1) in units of
1073 M; (E) = 0. 0294 mg. protein-nitrogen

per wml,
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Ap_parent' dissociation constants of acetyl-L-tyrosine hydroxamic acid.

A 2,00 ml. aliquot of a 0.010U2 molar solution of acetyl-L-
tyrosinehydroxamide was titrated with a 0, 01075 N sodium hydroxide
solution and the titration followed with a Beckman Model G pH meter.
The treatment of these data is essentially that of Simms (56) in which
the corrected equivalents of base, b', are plotted against the pH as in
Fig. 11. A summary of this treatment is given below,

b' = P—i——}z——:—g-}-l-, where b = concentration of strong base
added (in this case the concentration of sodium iomn), h = concen-
tration of the hydrogen ion, oh = concentration of hvdroxyl ion,

and ¢ = total concentration of the acid being titrated. Since h

is negligible compared to b - oh in the pH range of this titration,
pH - 14
L, . 1o

then b' = 8OH'

C

of ml, of 0,01075 added to the 2,00 ml. of 0.01002 molar acid solution,

, and specifically if we let y equal the number

1gPH-12.00 | o jopH-12.30

The X values used

- -
then b' = 0, 536y OL-

XOH'
are those listed by Lewis and Randall (57),

For the case of two monovalent acids, having apparent dissocia-

! H 1
o _[E*](c1 + Gy + 2616y

tion constants G'l and GIZ, K. + K,
+]2 k! ' vt 1 2
N [) +'[H o, + ;) + 65,
where o = 1 ~ and e, = ___GZ ~ . If the titration data involving
[+ G, B+ )

b' as a function of pH for a divalent acid are treated according to the

1
above equation for two monovalent acids, then the G'l and GZ calculated
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from these data are called the titration constants of the divalent acid.
These have been shown by Simms (56) to be related to the two apparent

dissociation constants of the divalent acid, K'l and K‘Z, by the equations,

. m
Kll = G'l + G:Z and 1' = 1' + 1' . where K’I = [‘-}i—l— , and
K> Gy Gy
v Btle . . . .
K, = ol with n representing the concentration of the undissociated

acid, m representing the concentration of that form of the acid with one
hydrogen ion removed, and d representing the concentration of that form
of the acid with both hydrogens removed.

The calculation of G'l and Gé was performed as follows:

1) From the plot of b' vs. pH (Fig. 10) the approximate p Gy

value was calculated. Thus when pH = pGé = x + z, with pG'l = x, then

_3+4 1072

b' =
2 +2-10°%

and it is apparent that the larger the z value, the closer

the b' value at which the pH = p G'Z is to 1.5, =z was estimated to be
1.2, giving a value of b' of 1,44 and, from the plot, an approximate
pG) value of 10.2,

2) Using this approximated value of p Glz, ok values were cal-
culated for pH values in the first buffer range (i.e., for values of b'

near 0,5). Subtracting these o, values from their corresponding b’

p/

values, values of ) were calculated and from these, the corresponding
1

p Gj values.

3) The average pG'l value was then used to calculate o

values at each pH in the second buffer range (i.e., for values of b' near
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1.5). As in step two, thé o, values were used to calculate the o,
values and hence the pG'z values.

Table XI summarizes the results of the above type calculations
which lead to a pG'l of 9.02 and a pGé of 10,19, The corresponding
PK‘l and pK'Z values are thus 8.99 and 10.22 or 9.0 and 10.2. Assuming
these values for pKi and pK'Z, the theoretical curve representing b' as
a function of pH has been drawn in Fig, 10. It is believed that the large
deviation of the experimental points from this curve at pH values greater
than 10,5 is due to the fact that & given error in the pH determination
creates a larger and larger error in b' as the pH approaches a value of
12, and that at pH values above 10,5 the pH meter becomes inaccurate,
A sodium ion correction was made according to the directions of the
manufacturer (56), but this is admittedly only an approximation for pH
values above 10.5. Theoretical curves for pK; values that differ from
those above by T 0.1 pK units indicate that the values, pK']~ = 9,0 and
pK'z = 10,2, can be considered accurate to within ¥ 0,1 pK units. A
duplicate experiment gave experimental data that agree with those
given in Table X to within T 0,03 pH units and thus pKI values to within

t 0.1 pK units,
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~Table X

Potentiometric Titration of an Acetyl-L-tyrosinehydroxamide
Sovlution,

Initial solution: 2.00 ml. of a 10.02 x 10”3 molar aqueous solution of
acetyl-L-tyrosinehydroxamide, The water used in
making the solution was boiled distilled water of pH 6.98.

Sodium hydroxide solution: Carbonate free 0.01075 N aqueous solution
of sodium hydroxide.

Temperature = 25.0 t 3% ¢,

ml., of NaOH Total ml. of NaOH Total
solution volume pH b! solution  volume pH b!
(ml.) (ml.)

0.000 2,000 6.38 0,000 2.298 4.298 9.92 1.214
0.100 2,100 7.75 0.054 2,398 4.398 9.98 1.266
0.200 2.200 8.06 0,107 2,501 4. 501 10.04 1.316
0.232 2.232 8.14 0,124 2.597 4,597 10,10 1.362
0.271 2,271 8.21 0.145 2.702 4,702 10,16 1.413
0.302 2.302 8.28 0.162 2.798 4,798 10.22 1.459
0.352 2,352 8.35 0.189 2,903 4.903 10,28 1.507
0.402 2.402  8.41 0.216 2.998 4,998 - 10.34  1.551
0.503 2,503 8.52 0.270 3.098 5.098 10,40 1.594
0.600 2.600 8.62 0,321 3.198 5.198 10.45 1.639
0.706 2,706 8,72 0,377 3.298 5.298 10,50 1.681
0.804 2,804 8,78 0,430 3.498 5.498 10.59 1.763
0.900 2,900 8.90 0,482 3.704 5.704 10.70 1.835
0,951 2,951 8.95 0,509 3.897 5,897 10,82 1.885%
1.036 3,036 9.02 0,554 3.997 5.997 10.86 1.907
1.103 3,103 9.07  0.590 4,098 6.098 10. 92 1.923
1.203 3.203 9.14 0,644 4,293 6.293 11.00 1.961
1,300 3. 300 9,22 0,695 4,498 °  6.498 11.08 1.984
1.402 3.402 9.31 0.750 4.696 6. 696 11,16 1. 984
1.501 3.501 9.39 0.802 5.004 7.004 11,27 1,964
1,604 3,604 9.44 0.856 5,309 7.309 11,34 1.970
1,707 3.707 9.50 0.910 5.615 7.615 il. 40 1.968
1.802 3.802 9.58 0,960 6,502 8. 502 11.54 1,866
1,896 3.896 9.65 1.008

1.998 . 3.998 9.71 1,061

2,098 4.098 9.81 1.113

2,200 4,200 9.86 1.165
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Table X1

pK'l and pKIZ for Acetyl-L-tyrosinehydroxamide.

pK‘l =9,0
pKj = 10,2
i 3 ¢
PH b! G‘Z* o(l pG:L gtl*g 9(2 PGZ
8.72 0.377 0.032  0.345 9. 00
8.78 0,430 0.037 0,393 8.97
8.90 0.482 0.048 0.434 9.02
8.95 0.509 0,053 0,456 9.03
9,02 0.554 0,062 (.492 9.03
9.07 0.590 0,069 0.521 9,03
9.14 0.644 0.080 0.5564 9.03
9,22 0.695 0,095 0.600 9. 04
av, = 9,04
9,98 1,266 : 0.901 ~ 0.365 10.22
10,04 1,316 ¢.913 0.403  10.21
10,10 1.362 0.934 0.428 10.22
10,16 1,413 0.933 0.480 10.20
10.22  1.459 , 0.941 0.518 10,19
10.28 1,507 0,948 0,559  10.18
10.34 1,551 0,954 0,597 10,17
10.40 1,594 0.960 0.634 10.16
av, = 10.19
, D G2 .
PK; = pG; - log (1 +E;) = 8,99=9,0
. Gy

PK, =pG'2 + log (1 +E,T = 10,22 = 10,2
1

G2
[]+c;
Gl
B+ o

*Calculated from &, = using approximate pGé of 10.2.

*%Calculated from & | = using average pG’Z value of 9,02,
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00 |

0.4 |

Fig. 10. Titration data for acetyl-L-tyrosinehydroxzarmide
and the titration curve constructed on the bhasis
of the comnstants: pK'l = 8.99 and pK'Z = 10,22.
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1I. Genetic Factors Influencing the Activity of

Tryatophane Desmolase in Neurospora crassa

Introduction

The assumption that physiological reactions are subject to
genetic control has been inherent in the thinking of most geneticists
for many years and has received substantial support from numerous
biochemical and genetical investigations (1). In many instances it has
been possible to show that as a result of a single gene change a block
in a single metabolic reaction has ‘occurred. As many metabolic
reactions have been shown to be enzyme-catalysed, these observations
have led to the hypothesis that a single gene is concerned in a primary
way with the formation of only one enzyme. The evidence supporting
such a hypothesis is largely of an indirect nature, our direct knowledge
of any relationship between genes and enzymes being very limited
indeed, The hypothesis can thus best be regarded as a working one
which serves to focus our attention on the possibility of a direct rela-
tionship hetween enzymes and genes and which may help in planning
experiments designed to define more clearly such a relationship, That
at least has been the view adopted in regard to the investigations des-
cribed in this section of the thesis — investigations which were initiated
in the hope of increasing our direct knowledge of envyme-gene relation-

ships,
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The enzyme system utilized in these investigations is the

tryptophane desmolase of Neurospora crassa, the enzyme which

catalyses the formation of L-tryptoghane from indole and Li-serine.

" In 1944 latum and Bonner (2) reported on some experiments with

whole mycelia of Neurospora which strongly indicated that L-tryptoghane
was synthesized via the coupling of indole and Li-serine, These experi-
ments led to the more conclusive work of Umbreit, Wood and Gunsalus

(3), who showed that cell-free extracts of Neurospora could catalyse

the synthesis of tryptophane from indole and DLi-serine. These workers
also reported good evidence that pyridoxzal phosphate was required as a
cofactor in this catalysis. More recently Mitchell and Lein (4), Gordon
and Mitchell (5), Nason et al.(6), and Yanofsky (7, 8) have confirmed
and extended this work.

The effect of a genetic change on tryptophane desmolase
activity in Neurospora has also been reported. Mitchell and Lein (4)
reported that cell-free preparations from a mutant of Neurospora
(strain C83) which is characterized by a tryptophane requirement that
cannot be satisfied by indole, do not contain measurable tryptophane
desmolase activity. A later report (5) gave evidence for tryptophane
desmolase activity in this mutant but has been retracted (9). In repeated
experiments to be described later in this thesis no tryptophane desmolase
activity could be found in the C83 strain., This lack of activity has been

confirmed by Yanofsky (8).
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Yanofsky (8) has also been unable to measure any tryptophane
desmolase activity in another mutant, strain S1952, which is also
characterized by a tryptophane requirement which cannot be satisfied
by indole. The available evidence (8) indicates that the C83 and S1952
mutant genes are allelic. Yanofsky has described a suppressor which
partially suppresses the tryptophane requirement of S1952 but does not
suppress the requirement of C83, Furthermore, he Iound that trypto-
phane desmolase activity could be detected in extracts of S1954-su but
not in the extracts of C83-su, and that this tryptoghane desmolase firom
51952 -su could not be distinguished from that derived from wild type
strains on the basis of kinetic criteria.

Many biochemical mutants of Neurospora are capable of back-

mutations (10) — cases in which a single gene change at the mutant locus
has resulted in the mutant's becoming wild type in so far as its growth
requirements are conceraed, This ability of a mutant to backmutate
furnishes strong evidence that the mutant does not represent a deficiency
in the chromosomal material. Hence if the C83 mutant were capable of
backmutation, this fact would indicate that the mutation did not arise as
the result of a deficiency,

The question of whether or not the C83 mutant represents a
deficiency has a bearing on the suppressor experiments of Yanofsky.
Thus onc possible interpretation of the results of these experiments is

that the suppressor gene in some manner (such as by shifting the balance
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among the various reactions which occur within the cell) allows the

S1952 mutant gene to carry on, at least qualitatively, the norrnal functions
of the wild type allele. If the C83 mutant should represent a deficiency,
then it would be impossible under any shift of conditions within the cell
{other than the restoration of the deleted chromosomal material) for

the C83 mutant gene to carry on the function of the wild type allele.

Hence the suppressor would not be able to eliminate the L-tryptophane
requirement of the C83 mutant.

The above discussion indicates one reason why experiments
designed to test the ability of the C83 mutant to backmutate were
initiated, A second reason for undertaking such experiments is that
if the backmutation were found to occur, it would provide another
situation in which the effect of a single gene change on a specific enzyme
system (tryptophane desmolase) could be studied.

It has been possible in this work to demonstrate the backmuta-
tion of the C83 mutant, Furthermore, such a backmutated strain was
found to contain tryptophane desmolase activity., In view of these facts
a study of the kinetics of the tryptophanc desmolasc systems from both
the backmutated strain and a wild type strain was performed to see if
any differences in the two enzyme systems could be detected — differences
that could conceivably have arisen in the mutation-backmutation process.

Mitchell {11) has found that cell-free exiracis of several mulant

strains of Neurospora (tryptophaneless — 10575; nicotinicless — 3416;
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histidineless — CB4; and succinicless — R1318) have specific tryptophane
desmolase activities that are two to three times those found in wild
type (82, 25A, and Abbott 4A) extracts, One of these mutant strains,
histidineless — C84, is considered here in more detail. The C84 mutant
has a histidine requirement that cannot be satisfied by any other substance
that has been tested (12). From data concerning the accumulation of
various imidazoles by a series of histidine mutants (12) it seems probable
that one result of the C84 mutation is a block in a single reaction leading
to the formation of histidine. Thus it is probable thal the C84 inutant
gene has caused a rather drastic alteration of the activity of some enzyme
systemn associated with the synthesis of histidine. The fact that extracts
of the C84 mutant strain contain higher than normal {or wild type)
tryptophane desmolase activity certainly indicates that here we may
have a case in which a single gene change has affected the activity of
more than one enzyme,

It is of course possible that some other gene (or genes) in the
C84 strain is responsible for this alteration in tryptophane desmmolase
activity. An attempt has therefore been made to determine whether or
not the C84 gene does influence the activity of the tryptophane desmolase
system. A cross of the C84 mutant to a wild type strain, 8a (12), was
made and the progeny investigated for tryptophane desmolase activity.
Thus if the C84 gene is primarily responsible for the alteration of

enzyme activity, it would be expected that all of the histidine-dependent
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progeny (C84) would have tryptophane desmolase activities different
from those of the wild type parent, whereas the wild type progeny
should have the normal parent wild type activity. If some other gene

is responsible for the alteration of enzyme activity, it would be expected
that some of the wild type progeny would have altered tryptophane
desmolase activity and that some of the histidine-dependent progeny
would have the normal activity of the wild type parent. The results of
these experiments and of those dealing with the backmutation of the C83

mutant are given in the following pages,
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The Partial Purification and Properties of Tryptophane Desmolase

Preceding any analysis of the effect of gene change on trypto-
phane desmolase activity, the properties of this enzyme system obtained
from sorme reference sirain must be defined.

In these studies the reference strain used was a double mutant
(kindly supplied by Dr. T. H. Pittenger) of albino 15300 and C102. The
C102 mutant is phenotypically wild at 25° C but ''colonial' at tempera-
tures above 31° C (13). This particular double mutant was chosen as
the reference strain because the 15300 and C102 mutants are used as
markers in the backmutation studies of C83 which will be described

later,

Purification — A partial purification of the crude extract from

this strain was accomplished by a heat treatment that was followed by
ammonium sulfate precipitation, The details of the purification pro-
cedure are shown in Table 1. A 15- to 23-fold purification was generally
obtained by this procedure.

The procedure of heating at 54° C for six minutes accomplished
the following two objects: (1) it increased the purification factor and
(2) it increased the stability of the enzyme preparations. The relative
stability at 3° C of heated and unheated preparations comparable to Sl
of Table 1 is shown in Table II. Heating preparations at 54° C for
longer periods of time than six minutes increases the stability somewhat

but is not profitable becausc of the high loss of activity during the hcat
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Table 1

Purification Scheme for Crude Tryptophane
Desmolase Extracts of C102-15300.

Crude Extract — (1.0), 100%

Heat at 54° C for 6 min.; cool to
o° C; centrifuge in a Spinco
Model L ultracentrifuge at
40,000 r.p.m. (145,000 x g)

for 45 min.

St‘rpernatant solution, Sy~ (2.2), 83% Preciplitate
Add 18.7 g. (NH,), SO4 per 100 ml. — discard
(26.5% saturation, 00 C); stir for 40 min.

at 09 C; centrifuge in a Servall centrifuge

at ca, 5,000 r, p.in, for 20 min,

Precipitate Supernatant Solution,
Suspend in a solution of 19.1 g. pH 6.7
(NH4)2 SO4 per 100 ml. 0,2 M phosphate, — discard

pH 7.7 (27% saturation, 00 C); centrifuge
at 5,000 r.p. m. for 10 minutes,

i
Precipitate, P} —(19.8), 70% Supernatant solution

— discard

The purification — specific activity (initial rate of indole disappearance
in M- (min, )'l(mg. protein-nitrogen per ml.)"1) relative to that of the
crude extract — obtained in a representative run is indicated in
parentheses and is followed by the per cent total activity recovered.
Unless otherwise indicated, all operations carried out at 0-4° C,

See Experimental section for preparation of crude extract,

treatment. It seems probable that the increase in stability due to
heating arises from a denaturation of enzyme systems, such as
wroteases, which can destroy the tryptophane desmolase activity.

All enzyme extracts, as well as the mycelium, can be kept in a frozen
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Table 11

Stability of Heated and Unheated Preparations, Sy

Hours at Per Cent Total Activity of Crude Extract
36 C Heated at 540 C for 6 min. Not heated
0 85Y% 101%

24 71 42
48 37 11
72 29 4
96 21 <l

state at -16° C for at least two weeks without any loss of tryptophane
desmolase activity.

No protein is precipitated from fraction S; below 20 per cent
ammonium sulfate saturation {0° C), Furthermore, the per cent total
activity precipitated and the per cent total protein-nitrogen precipitated
are both proportional to the percentage ammonium sulfate saturation
between 20% and 26, 5% saturation (0° C). Hence preliminary fractiona-
tion below 26, 5% saturation does not increase the purification. The
specific activity of the partially purified preparation, Fj, could not be
appreciably increased by further ammonium sulfate fractionation at
pH 6.6 or pH 7.4; by calcium phosphate absorption at pH 7 or pH 8;

or by precipitation resulting from increasing the hydrogen ion activity,

Stoichiometry — In the presence of the tryptophane desmolase

fraction Pj of Table I the rate of indole disappearance and the rate of

tryptophane appearance are within experimental error (Fig. 1).
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Because of the greater ease and accuracy of the indole determination
over that of the tryptophane, the activity of the tryptophane desmolase
was generally determined by measuring the disappearance of indole.
The rate of L-serine disappearance was found to be 2.2 times that of
indole. It is probable that this higher rate of LL-serine disappearance
is due to the presence of enzyme systems other than tryptophane
desmolase which attack Li-serine (e.g., serine deaminase (7, 14)).
Indole disappearance cannot be effected by the tryptophane
desmolase fraction P, unless both Li-serine and pyridoxal phosphate
are present. It is evident from the results presented in Table III that
D-serine is effectively inert in the tryptophane desmolase system,
functioning neither as a substrate nor as an inhibitor. The small rate
of indole disappearance in lhe presence of D-serine can be explained
on the basis of a 1% impurity of Li-serine in the D-~serine sample,
These results confirm the work of Tatum and Bonner (2) on
whole mycelia in which they observed that on a molar basis the activity
of DL.~serine was one half that of Li-serine in so far as the rate of
indole untake was concerned., They also observed that biological assay
with Neurospora strain 10575 of the tryptoph;ne produced during the
reaction gave results that were in good agreement with a chemical
determination of the tryptophane. Since 10575 cannot utilize D-trypto-
phane for growth, they concluded that the product was L-tryptophane,

The reaction catalysed by tryptophane desmolase is evidently
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Table IIT

The Effect of D-Serine on Tryptophane Desmolase Catalysis
(Strain C102-15300)

Initial conc. Initial conc. Vg X 106
of LL-serine, M of D-serine, M

0 0 G. 00
16 x 1073 0 3.26

0 16 x 1073 0.31
7.7 x 103 0 2.50
7.7x 1073 80 x 1073 2.52
80 % 10-3 0 458
80 x 10-3 80 x 1073 4,68

v 1s the initial velocity of indole disappearance in M- niin, -1 ay pH 7.6
and 37.0° C. Initial concentrations are indole, 4.74 x 10™% M; pyridoxal
phosphate, 4.6 x 10°% M; 0.2 M phosphate buffer; and 18 MB. of
protein-nitrogen/ml.

irreversible, No indole could be detected four hours after an active
preparation of tryptophane desinolase was added to a solution of L-trypto-

phane and pyridoxal phosphate.

»H Optimum — The dependence of tryptophane desmolase

activity on the hydrogen ion activity was determined over the range of
pH values of 6,5—8.4. The results of this determination are given in
Fig. 8. It is apparent that the pH optimum is approximately 7.6; con-
sequently, all further activity measurements were carried out at this
piH wvalue, This curve of relative activity vs. pH is similar to that

obtained by Yanofsky (7) for tryptophane desmolase from the wild type
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strain Em-5256, and to that obtained by Mitchell and Gordon (15) for
the enzyme from wild type strain 8a. The data of Yanofsky indicate
that the optimum pH is approximately 7.8, while those of Mitchell and
Gordon indicate that the optimum is at a pH value of 7.7. Considering
the nature of the curves and lheir accuracy, all of these optimal
values — 7 6, 7.7 and 7.8 — may be considered within the range of

experimental error,

Kinetics — From a consideration of the purity obtained for the
tryptophane desmolase of Neurospora it is apparent that a kinetic study
of the tryptophane desmolase catalysed reaction cannot be as quantitative
and complete as the kinetic work on o¢-chymotrypsin catalysed reactions
described in Part I of this thesis. In fact the primary motive behind
this study of tryptophane desmolase kinetics was to establish conditions
that would enable the comparison of two trypiophane desmolase systems
isolated from different strains of Necurospora through the use of empirical
kinetic "constants.' Thus no particular attempt has been made to inter-
pret the mechanism of the reaction on the bases of the kinetic data
obtained,

The formulation of the kinetics developed in the following
paragraphs should therefore be regarded as speculation, based mainly
upon what is known of enzyme reactions in general (see p. 6, Part I of
this thesis and the references given there), that may give us some idea

of whal the empirical '"cunslants' represent and to what exteni they may



be dependent upon the variables of the reaction,
It is assumed that the avzrall reaction that is catalysed by the

tryptophane desmiolase system is the following:

tryptophane desmmol
TYPOpers — ags—-L—tryptophane + water

L.-serine + indole
! pyridoxal phosphate

Thus the total concentration of the apoenzy:ne and the coenzyme (pyri-
doxal phosphate)' are assurzed not to change during the reaction. This
then represents an enzyme catalysed reaction involving two substrates
and a coenzyme. Although some papers have appeared which analyse
the kinetics of the simpler two substrate or one subsirate—one coenzyme
reactions (16, 17, 18), no analysis of the kinetics of the two substrate—
one coenzymme reaction has been reported. The basic concept that the
enzyme and subsirales (and cvenzymme, if present) must uaite to form
an intermediate complex in order that catalysis can occur is inherent
in the treatment of both the single substrate system (see Part I of this
thesis) and the two substrate or one substrate—one coenzyme systems
(16, 17, 18), This concept is also used in the following formulation of
the kinetics of the tryptophane desmolase system,

It is assumed that the indole, L-serine and pyridoxal phosphate
can unite with the enzyme at individual specific sites on the enzyme
surface, It is further assumed that each molecule can unite at its
specific site whether or not the other sites are occupied by their

respective molecules, but that the affinity of each molecule to its site
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may be influenced by the presence or absence of the other molecules on
theif sites, The only enzyme complex which is assumed to be capable of
breaking down to form L-tryptophane is the enzyme — indole — Li-serine —
pyridoxal phosphate complex., The following mechanism is based upon

these primary assunmptions:

_ K1, A
—:-[-\:—Z-a 3 Kg s
Ef + Slfﬂr——}isl ESZ + Cs E='2EC52
K3 K
K4 , . _Blog
EC + Slfw——— ECSl ECS; + ‘SZfV—""'ECSISZ
Kg , K11
EC + Szf§=="ECSZ ECSZ + Slf——‘F—ECSISZ
Kg ]:§12
ESl + qu—‘——éECSI ESlsz + Cf %—“ECSISZ

k
ECS18; —> Ef + Cf + Plf + sz

where E'f = free enzyme,
C¢ = free pyridoxal phosphate,

S1. = free indole,

free Li-serine,

n
0
]

Py, = free L-tryptophane,

free water,

o
[
I

the K's represent the dissociation constants for the various enzyme

complexes, and k represents the first arder reaction constant for



the irreversible breakdown of ECS|S, into the products of the reaction.
Since only the initial reaction velocities will be considered in this treat-
ment, the possible competitive inhibition by the product, L-tryptophane,
‘has not been included in the above mechanism.

The total concentrations of the enzyme (E), the indole (S;), the
L-serine (S,), and the pyridoxal phosphate (C) are given by the following

equations:

(E) = (Ef) +(ES,) +(ES,;) +(EC) +(ECS;) +(ECS;) + (ES;5;) + (ECS, 5;5),
(S7) = (slf) +(ES) + (ECS)) + (ES)8;) + (ECSy5;).,
(S,) = (Szf) + (ES,) + (ECS,) + (ES553) + (£CS15;), and

(C) = (Cy) + (EC) + (ECSy) + (ECS, ) + (ECS;5;),

where the parentheses indicate concentrations.

In the kinetic experiments to be described in the following
pages, the initial reaction velocity was obtained from the change of
total indole concentration (Sl) with time. Hence we desire an expression

d(

for __%1_), that contains the quantities (E), (8,), (Sp) and (C). From =

cansideration of the above mechanism it is apparent that

(1) Jd8y) | _d(sy)
at dt Tat

dPy) _ k (RCS;S;).

If it is assumed that all of the enzyme complexes are in eguilibrium
with their respective components and that all components of the reaction

have unit activity coefficients, then Iy = (Ef)(cf) Kz = (Ef)(slf)
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_ (Ef)(SZf)

., = ——— 2 etc, These dissociation constants are then related to
3 (ESz)

each other by the following set of equations:

(2) KKy = K;Kg
(3) K31K5 = K3Kg
(4} : KzK7 = K3K9
(5) KgKy1 = KgKj2
(6) K4Kj0 = KgKj1.

Using these dissociation constants, (ECSlsz) can be given in
terms of (Eg), (Cy), (Slf), (Szf) and seven of the twelve dissociation
constants (equation 7).

(7) (ECS;52) = (ENCe)81,)(S2,) / [K3KgKyy + Ksiy(Ce) + KyKia(Syy)
+ KgKy1(82,) + Kpp(Co(S1) + Kp1(Ce)Szy)
+ Ky2(S10)(S2,) + (Ce)(S1)(S2)]
It is apparent that the particular dissociation constants used in equation 7
may be varied in accordsice with equations 2-6.

If it is now assumed that (C)>> (E), that (S;)>> (E), and that
(SZ)>> (E), then (Cf), (Slf) and (Szf) can be approximated by (C), (S;)
and (SZ) respectively, With the use of these approximations, equation 8

can be derived from equations 1 and 7.
(8) v, =|- 481) = K(ENC)S7)o(S2) o/ [KiKgKyq + KeKq(C)
s) - lo 1/0\P2/0 30811 511

+ Kj3(C)(Sz2)o + K12(S1)(S2), + (C)(51)0(52)o]
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The subscript zeros represent the time, t = 0. The reciprocal of

equation 8 is given below,

(9 L.Eul 1 &
o W®) (8], WE)

Q

. K3Kg Ks Kg
with = 1+ + +
s (S2)a(C)  (5;),  (C)

and O = 14 BiK12 . K10 K12z
(s2)o(C)  (53), (C)

A plot of L versus should then vield a straight line if (£), (C) and
Vg — iSl o

(87)0 are held constant, The slope of such a line would be “ﬂ and its

k(E)

1 1
intercept with the 57— axis (at 5. ° o) would be b/ . If the slope is
o ( 1/0 k(E)

divided by the intercept, we get a quantity which is independent of the

enzyme concentration, namely Kllﬁ . This quantity we shall call the
apparent Michaelis constant for irilole, Kmsl.
This method of determining the apparent Michaelis constant is
identical with the procedure originally devised by Lineweaver and Burk
(19) for the determination of the Michaelis constant of a single substrate
reaction (also see Part I of this thesis). However, in the case of a
single substrate the Michaelis constant is a definite kinetic constant,
whereas for the case at hand it is apparent that unless some relationship
between the dissociétion constants independent of equations 2-6 is

assumed, then K is dependent upon (C) and (S3),.

.I.Usl

The apparent Michaelis constants for Li-serine and pyridoxal
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phosphate, Km57 and K., respectively, are sirnilarly dependent upon
Mg, c
the concentrations of indole and pyridoxal phosphate (Kms ) or of indole
2

and Li-serine (ch). Thus Kp. = KIOS/e and ch =Kj20/A,

52
where 6 = K1K4 + B4 + K6 s
(C)(s1), (81)y (C)
€ - 1+K9K12 Ki1 +K12
(S1)0(C) (87)s (C)
6 - + I§3K9 N Iig . K? ’
(S2)0(S1)0 (81)o  (S2)o
K:K K K
and A=1+2-11 21l =10

(5255100 (510 (5200

If, in the determination of one apparent K, — say K —(C) and (SZ)O

msl
are large relative to their apparent K_,'s, one might say that Kms is
1
then approximately equal to Kyj. Certainly as (C) and (SZ)D approach
infinity, K

approaches K However this approximate interpretfatfion,

ms 11°

when applied to all of the apparent Michaelis constants, assumes that all
of the dissociation constants associated with SZf (i.e., 1-Z3, K5, K7 and
KlO) are of the same order of magnitude; that all those associated with
Cf (i.e., Kl, K, Kg and Kl?_) are of the same order of magnitude; and
that all those associated with S1s (i.e., Ky, Ky, Eg and K‘ll) are of the

same order of magnitude,

i

A more drastic assumption would be that K| = K¢ = Kg = Kjp =K

that KZ =Ky = Kg = Kll = Ksl; and that K3 = Kg = K7 Kl() = KSZ' This
assumption implies that each substrate and the coenzyme has a specific

site on the enzyme surface and that its affinity for this site is independent
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. of the presence or absence of the other subsirates or the coenzyme on
their respective sites. If this sssumption is made, then the rate

equation 8 becomes

3

K(E)C)(S1)g(S,)o

(10) 0" Ec+ C]TKSl +(51)0] [KSZ+(52)01

and the reciprocal equation 9 becomes

] _ Kgy (Kc ) (KSZ ) 1
(11) 5 -E—(-ET'—-—-—-—'F.[ + 1

(C) (530, (S1)o
SRR
K(E) \[C) 5,0
In this case then Kmsl = KS1’ hmsz = hSZ’ and K‘mc = ZC. Thus the

apparent Michaelis constants would represent the enzyme-substrate (or
enzyme-coenzyme) dissociation constants,

In anv case it is evident that the determination of an apparent
Km value under only one condition of the concentrations of the other
substrates (or substrate and coenzyme) cannot tell us which set of
approximating assumptions can validly be applied and thus cannot give
any assurance about the proper interpretation of the apparent K value.
However, such single determinations of apparent K, values can
reasonably be expected to give us empirical kinetic ""constants' which
are characteristic of the enzyme system under specifically stated condi-
tions of the concentrations of the other components of the reaction., Thuas

it should be possible to pick up any large differences in substrate-enzyme
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or pyridoxal phospliate-enzyme affinities by a comparison of apparent
Km values of two tryptophane desmolase preparations from different
sources.

Preliminary to an investigation of the apparent Km values of
indole, L-serine and pyridoxal phosphate for the partially purified
tryptophane desmolase, Iy, from the C102-15300 strain, an investiga-
tion of the dependence of the initial velocities on the enzyme concentra-
tion was performed. It can be seen from Fig. 2 that the dependence is
linear over the range of enzyme concentrations investigated.

This linear dependence of v, On enzyme concentration is what
would be predicted from equation 8 and is indicative that for this
experiment the assumption that (8;)_, (S,), and (C) are much greater
than (E) is valid. A non-linear dependence of v, on (E) would be
expected if the assumption did not hold (17, 20, 21). It should also be
noted that crude extracts of tryptophane desmolase from C102-15300,
from wild type 8a and from the histidineless strain C84 show this linear

relationship between v_ and the concentration of the enzyme. Thus in

o
all these strains it is possible to assay for the enzyme in crude extracts
by measuring the initial velocity of the reaction at standard values of
the pH, temperature, and of the indole, serine and pyridoxal phosphate
concentrations (see Experimental),

The determination of the apparent K, values for indole, L-serine

and pyridoxal phosphate was made as indicated on page 6. Typical -‘;-
o
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versus ! plots for these three components are given in Figs. 3-5
(Sjo

and the apparent K., values are given in Table IV.

Table IV
Apparent K, Values for Tryptophane Desmolase
from Strain C102-15300 at 37.0° Cin 0.2 M
Phosphate Buffer, pH 7. 6.

Initial Concentrations

Substrate or

Coenzyme Kmn Indole, (sl)o L-Serine, (SZ)Q Pyridoxal
Phosphate, (C)
| -5 -4 -2 -5
Indole 2,3x107°M 0.47x10 "M 8.0=x10 "M 4.6 x107°M
to
4,74 x 107*M

3 3 5

M 4.74x10°°M 3.8x10°°M  4.6x10°M
to

8.0 x 107°M

L.-Serine 6.3 x 10"

Pyridoxal 3.4 x107°M 4.74x1073M 8.0 x107%M 0.39 x 107 °M

phosphate to
4,6x 10" %M

2

Yanofsky (7, 8) has reported two values for the apparent K
of L-serine with tryptophane desmolase extracts of a wild type strain,
A value of 6 x 1073M was found at pH 7.8 and 32° C, but the initial
concentrations of indole and pyridoxal phosphate are not given except
he states that they are "'in excess' (7). A value of 3.4 x 10_3M was

found at 37° C and presumably at pH 7.8 with initial concentrations of

4 5

indole and uyridoxal phosphate of 3 x 10" "M and 5.2 x 107°M

respectively (8). The latter value was determined under conditions
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that are more cornparable to those used here, It is hard to tell whether
the difference in the two values is significant in view of tie fact that

the conditions are somewhat differcut in the two cases and the accuracy
of Yanofsky's work is not known, A very approximate Km value for
pyridoxal phosphate of 3 % 10—6 M is also reported by Yanofsky (8).

This was determined at 37° C and pH 7.8 and at initial concentrations

of indole and DL-serine of 3 x 1074 M and 6 x 1074 M respectively, This
value is comparable to that found here though the conditions are slightly
different.

It should be noted that in the Km determinations performed
here, the concentration of the substrate or coenzyme which is held
constant is from thirteen to twenty-one times its apparent Km value
(for L-serine it is 13; for nyridoxal nhosphate, 14; and for indole, 21).
Thus if we utilize either of the approximations outlined in the formula-
tion of the kinetics, we can conclude that both pyridoxal phosphate and
indole have a ruch greater aftinity for the tryptophane desmolase than
does the Li-serine, It is also probable that pyridoxal phosphate has a
greater affinity than does indole, though the differences in Km values
are not so pronounced, It should also be noted that the possible error
in the estimation of the purity of the calcium pyridoxal phosphate
utilized in these experiments (see Experimental) makes the apparent

K value for pyridoxal phosphate as expressed in moles per liter

subject to a larger error than is the case for the apparent K, values

for indole and L-serine,



It was found that L-tryptophane inhibits the reaction catalysed
by the tryptophane desmolase from strain C102-15300. At pH 7.6 and
37° C, a concentration of 2 x 10-3M L-tryptophane causecs the initial
velocity to drop to 71% of that of the control when the initial concentra-
tions of indole, DL-serine and pyridoxal phosphate are 4,74 x 10'4M,

0.160 M and 4.6 x 1072 M respectively,
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Tryptophane Desmolase Activity in the Mutanl, C83

Attermnpts by Gordon and Mitchell to confirm their original
findings of tryptophane desmolase activity in extracts of the C83 mutant
(5) have been unsuccessful (9). In further experiments designed to
detect the presence of tryptophane desmolase activity in C83, the author
has also been unable to confirm the original findings of Gordon and
Mitchell, The results of these experiments are summarized in Table V.
These particular experiments were performed on nreparations from the
triple mutant of C83, Cl0Z and 15300,

The assay conditions employed in these experiments are
capable of detecting approximately 1/200 of the activity present in the
Cl02-15300 strain or in the 8a wild type. It should also be noted that
there is no inhibition of active wild type extracts by the inactive C83
extracts, a further indication that the lack of activity is not due to the
presence of some inhibitor,

While it is obviously difficult to prove the absence of trypto-
phane desmolase in C83 mycelium, these results, coupled with the
later experiments of Gordon and Mitchell (9) and the experiments of
Yanofsky (8), make it very improbable that the active form of the enzyme
exists in C83 under the conditions of growth that have been employed,
This conclusion is further enhanced by the isotope experiments of
Partridge, Bonner and Yanofsky (22) in which C83 was grown on N15

ring labeled L-tryptophane. After maximum growth had been obtained,
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Table V

Tryptophane Desmolase Activity in Preparations
iram the Triple Mutant of C83, Cl102 and 15300,

~Age of Mycelium, * Type of Preparation Tryptophane
Days Desmolase Activity

2, 3, 4 &5 Crude extract 0

2,3, 4& 5 Dialysed crude extract! 0

2 & 4 Partially purified preparation,

P of Table I, ¥% O
2 & 4 Dialysed Pt 0
2 & 4 Precipitates resulting from

51 {Table I)** by the action of
(NHg), SO4 at 25, 40, 60 ani
80% saturation, 0° C. Q0
3& 5 Whole washed mycelium 0
* Grown at 25° C in minimal medium containing 100 mg. L-tryptophane
per ml,
*#* The crude extract was not heated as is indicated in Table 1. In the
preparation of Py, all fractions indicated in Table 1 were tested for
activity and negative results obtained,

'rDialysed for 4, 6, 10, 14 and 24 hours against 0.2 M phosphate,
pH 7.7 at 39 C.

tryptophane was isolated from the mycelium and was found to have the
same N]‘5 content as the trvptophane that was fed. These facts indicate
that significant amounts of tryptophane were not synthesized by C83
under the conditions employed.

In order to determine whether or not the two characteristics

of the C83 mutant, of L-tryptophane requirement ior growth and lack of



-G~

tryptophane desmolase in extracts, are the result of the sare single
gene change, the mutant C83A was crossed to wild type 8a and crude
extracts from the progeny were examined for tryptophane desmolase
activity, Asci from this cross were dissected, and after germination
the ascospores were transferred singly or as spore pairs to minimal
agar medium supplemented with 1.-tryptophane. Growth on minimal
medium with and without the addition of Li-tryptophane was then tested
and the progeny classified as C83 or wild type., These strains were
then grown for four days at 25° C in minimal medium supplemented
with 100/4.4g. L-tryptophane per ml. and crude extracts of the resulting
cultures tested for tryptophane desmolase activity, The results from
nineteen asci are presented in Table VI,

It is apparent from these data that the tryptophane requirement
always has associated with it a lack of tryptophane desmeolase activity
in the crude extracts., Furthermore, except for one ascus (8-1), all
of the wild type are seen to possess an activity comyparable to that of
the parent wild type 8a. The deviation of these values from 1,00 is not
significantly different from the deviation of sixz values of the specific
activity of 8a extracts from their average value.

Cultures of the wild spore pair of ascus 5-1 that showed no
tryptophane desmolase activity in crude extracts (spore pair §-1-3)
were reinvestigated, When extracts from four-day-old cultures of

spore pair 8-1-3 grown at 25° C in minimal medium supplemented with
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Table VI

Tryptophane Desmolase Activity in Crude Extracts
from the Progeny of C83A x 8a.

Ascus Relative Specific Activity of Tryptophane Desmolase®
v number E}E C83 Wild type Wild type

1-1 0 0,0 1.04 0.90, 0.86
(0) (0. 88)

1-2 0,0 0,0 1.01 0.93, 0.96
(0) (0) (0.94)

1-3 0,0 -- 1.00 1.28, 1.32
(1.30)
Z-1 0 0 1.16 0.96
3-1 0 0 0.96 0.9¢6
4-1 0 0 1.03 0.98
5-1 0 0 1.10 0.97
6-1 0 0 1,21 0.99
6-2 0 O 1,10 0,79
6-3 0 0 1.17 1.08
6-4 0 0 1.14 1.09
7-1 0 0 1,04 1.23
5-1 0 0 0 1.27
8§-2 0 0 1.20 1.15
8-4 0 0 0.99 0.7’2.
9-1 0 0 0.91 0.94
9-2 0 0 0.95 1.18
9-3 0 0 0.98 1.04
9-4 0 0 1.10 0,96

*The specific activity (initial rate of indole disappearance in
M-+ (min.)"!.(mg. protein-nitrogen per ml.) 1) relative to the
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average specific activity of the parent 8a when grown for the same

time (4 days) under the same conditions (25° C and in minimal

medium supplemented with 100 g. L-tryptophane per ml. ).

Average of six specific activity values ior 8a extracts is

1.69 % 1072 M- (min.)"l.(mg. protein-nitrogen per ml. )1,

When two values are given for a single spore pair, they represent

the values obtained for each member of the pair. The average of

the two values is given in parentheses. The single values for the

first four asci are for cultures from single ascospores. The rest

of the single values are for cultures from a spore pair,
100 mg. Li-tryptophane per ml., were retested in six separate experiments,
the following relative specific activity values were found: 0,00, 0,00,
0.00, 0.77, 0.99 and 0.87. When grown under the same conditions except
with no L-tryptophane present, the following relative specific activity
values were found: 1,03, 1,35, 1,37 and J.96, A variability in the
amount of growth achieved in four days was also noted. In view of the
possibility that contamination of this wild type (8-1-32) with C83 to form
a heterocaryon might be the cause of this anomalous behavior, a cross
of this wild type (8-1-3a) with wild type P1400-4A was made and germi-
nating ascospores observed at random. An examination of 4327 germi-
nated ascospores revealed only 22 that gave a germination pattern that
could be considered different from wild type. These possible mutants
were isolated and tested for growth on minimal medium. All of them
grew on minimal medium though somewhat more slowly than the parent
wild types. These data effectively eliminate the heterocaryon possibility,

Extracts with zero activity were obtained only irom cultures

of 8-1-3a grown in the presence of Li-tryptophane and never from
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cultures grown in its absence, Therefore, the tryptophane desmolase
activity of extracts from cultures of 8-1-3a grown on different concen-
trations of L-tryptophane for varying amounts of time was determined.
The results are presented in Fig. 6 along with similar data for extracts
from 8a grown in the absence and in the presence of L-tryptophane,

It would appear that the absence of enzyme activity in 8-1-3a
extracts is due to the presence of L-tryptophane in the growth medium.
The variability in the observance of absence of activity at 96 hours
could then be caused by a small shift in time of the point at which the
rapid drop off in specific activity that is caused by L-tryptophane
occurs. That the lack of activity in extracts from 8-1-3a grown in the
presence of 100 ug. L-tryptophane per ml. is not due to the presence
of an inhihitor is indicated by mixing experiments. When inactive
extracts from 8-1-3a are mixed with active extracts, the measured
activity is that which would be predicted if one assumes that the inactive
extracts are inert, exerting neither an activating nor an inhibiting
influence on the aclive extracts,

It is impractical to test all of the wild type progeny of the cross
of C83A with 8a in a similar manner., Certainly it is possible that somme
of them are affected by L-tryptophane in the growth medium in the same
manner as is 8-1-3a, However, considering the variability observed in
the activity of extracts from 8-1-3a at 96 hours' growth (i.e., zero

activity observed in four out of eight experiments) it is not likely that
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more than four or five of the wild type spore pairs are the same as 8-1-3a
in their response to L-tryptophane in the growth medium,.

The present data concerning the nature of this suppression of
tryptophane desmolase activity in 8~1-3a extracts by the presence of
L-tryptopnane in the growth medium are so meager that without building
an edifice of speculation one can only regard them as an interesting
phenomenon., In the field of speculation, the possibilities are numerous.
It is conceivable that C83A actually represents a double rmutant, one
gene of which is primarily responsible for the lack of tryptophane des-
molase activity (and consequently for the L-tryptophane requirement),
and the other gene primarily responsible for suppression of tryptophane
desmmolase activity when grown on L-tryptophane., The double mutant
would not be distinguishable from the single mutant carrying the gene
responsible for lack of tryptophane desmolase activity by the methods
that have been applied, i.e., a test for L-tryptophane requirement and
the lack of tryptophane desmolase activity, The single mutant carrying
the gene responsible for suppression of tryptophane desmolase activity
when grown on L-tryptophane would be strain 8-1-3a which would have
arisen as a result of a cross over between the two genes of the double
mutant. However, it is of course also possible that the 8-1-3a strain
could have arisen by spontaneous rmutation, or that this tryptophane
suppression effect is not of genetic origin., In regard to this latter

possibility it should be mentioned that the tryptophane suppression effect
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has not heen observed in the 8a wild type even after keeping the strain
on minimal supplemented with 100 ME. L-tryptophane per ml., for a
period of six months, In any case it is apparent that one cannot say
“which of the above possibilities is correct on the basis of the present
data.

In concluding this section on tryptophane desmolase activity
in the C83 mutant, it is possible to say that all of the evidence
accumulated at this date indicates that C83 strains do not contain
measurable tryptophane desmolase activity, and that the tryptophane
requirement of C83 and this lack of tryptophane desmolase activity

are end effects uroduced by the action of the samae single gene,
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The Backmutation of C83

Reversion of nutritional mutants of Neurospora to the ability

to grow on minimal media has be.en observed in several cases. Thus
the reversion of an adenineless slrain has been used as a technique
for measuring the mutagenic activity of a variety of mutagenic agents
(23-25).  Perhaps the most complete and quantitative studies of re-
version in Neurospora have been undertaken by Giles (10, 26). The
majority of data that he presents concern the reversion, either
spontaneously or by the action of ultraviolet of x-ray irradiation, of
rmethionineless and inositolless mutants. The idea that reversions
caused by single gene changes are the result of backmutation or of
suppressor action is equivalent to the fact that the gene change must
occur at a locus indistinguishable from the mutant locus by cross-
over tests (backmutation) or at some other locus (suppressor action).
Both types of reversions have been observed. Only reversions that
could be traced to suppressor action were found with the methionine«
less mutant. In the case of the inositolless mutants both types of
genetic reversion were found, though the vast majority were due to
backmutation,

As was mentioned earlier, Yanofsky (8) has found that a
spontaneous reversion of the tryptophaneless mutant S1952 was due to
suppressor action. The only known difference hetween the C83 and

51952 genes is that they respond differently to the action of the
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suppressor gene. The iryptophane requirement and the lack of
tryptophane desmolase activity of C83 could not be suppressed by
the suppressor gene, whereas both characteristics are partially
suppressed in the case of S1952.

It was of interest to investigate the possible reversion of C83
and to determine the nature of this reversion if it could be found. Ultra-
violet irradiation was used to induce the reversions.

A triple mutant of C83, Cl02 and 15300 was employed in these
investigations. The C102 and 15300 mutants were used as markers in
order that any possible contamination could be detected. The ''colonial"
Cl102 marker has the added advantage of making viable conidial counts
relatively easy, since it grows in colonial form at temperatures above
31° C. Thus if a viable conidial count is desired, conidia of the triple
mutant are plated out on T.-tryptophane supplemented minimal agar and
allowed to grow at 33° C for three days. The colonies can then be
counted to determine the number of viable conidia. All conidial con-
centration assays were carried out in this manner and thus represent
viable conidial concentrations and not total conidial concentrations.

A suspension of C83~-C102~15300 macroconidia in distilled
water, filtered through glass wool, and containing 3.1 x 106 viable
conidia per ml. was divided in half. One half was subjected to ulira-
violet irradiation from a Model UV=30 American Sterilizer Company

sterilizing lamp for 2. 0 minutes at a distance of 10 cm. The other
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half was not irradiated and was used as the control. The irradiation
lowered the conidial count to 1. 6 x 10° viable conidia per ml., repre=
senting a survival of 52% of the conidia. Thirty 125«ml. flasks were
then inoculated with 0.1 ml. of the irradiated suspension (1.6 x 10°
conidia per flask) and allowed to stand at 26° C. Similarly twenty=
eight 125«ml. flasks containing 20 ml. of minimal medium were inocu~
lated with 0.1 ml. of the control suspension (3.1 x 10 conidia per
flask) and allowed to stand at 25°C. These flasks were observed for
growth over a period of fifteen days. The resulis are presented in
Table VII.

Table VII

Reversion of C83~C102«15300 Macroconidia.

Suspension Total no. of flasks Flasks showing growth
Non=irradiated control 28 0
Irradiated 30 27

Thus no reversions were noted in a total 0of 8.7 x 107 viable

conidia not subject to ultra=violet irradialivn, whereas at least 27

reversions occurred in 5.3 x 107 viable conidia that were subject to
irradiation. All of the reverted cultures continued to grow when
transferred to minimal mediurm. They were indistinguishable from
wild type in the amount of growth achieved in four days on minimal

mediurn.
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There is thus no doubt that the C83 mutant can revert. A
cross of a reverted strain, C83re~C102-15300a, to C83~C102-15300A
was made, the resulting asci were dissected, and the nature of the in«
dividual ascospores determined. Considering only one ascus from
each perithecium, out of a total of twenty such asci nine showed a
spore pattern of four tryptophane«independent to four tryptophane~-
dependent. In the remaining eleven asci all eight spores were
tryptophane-dependent. In each case all eight spores were found to
carry the albino 15300 and ''colonial' C102 markers. An examination
of 2402 random spores germinating on minimal agar revealed 614
(or 26%) which had a wild type germination pattern and 1788 (or 74%)
which had a germinating pattern identical with the C83 mutant.

Since the macroconidia which were irradiated generally con=
tain more than one nucleus, it is to be expected that the original reverted
cultures would be heterocaryotic, containing both tryptophane~independ«~
ent and tryptophane=dependent nuclei. Thus one would expect the two
types of asci found, the 4T :4T" asci resulting from the tryptophane-
independent nuclei. and the 8T asci from the tryptophane~dependent
nuclei (Tt =tryptophane~independent, T =tryptophane=-dependent).

The reversion is then of genetic origin.

It was then necessary to determine whether this genetic re=

version resulted from a backmutation or from the action of a suppressor

gene. This can best be established by a cross of a homocaryotic culture
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of the reverted strain (i. e., a culture from one of the Tt spores in a
4Tt : 4T ascus of the preceding cross) to wild type. If the reversion
is caused by a backmutation, all of the progeny should be Tt. I,
however, the reversion is due to the presence of a suppressor, some
of the progeny should be T~ or C83. In this latter case we should ex~
pect to find three types of asci (8T*1, 4Tt: 4T, and 6T%: 2T"), or, if
the suppressor were so closely linked to the C83 mutant gene that four
strand double crossovers did not occur, two types of asci (ST"', and
6TY: 2T™).

In a cross of wild type P1347 (2a) with a homocaryotic reveried
strain {C83re~C102+15300 (1~5A) ) forty asci were dissected and all
showed eight spores with wild type germination patterns on minimal
agar. In an examination of 8,791 random ascospores germinating on
rinimal medium, only three showed germination pallerns thal were
not wild type. These three possible mutant spores were isolated and
transferred to minimal agar supplemented with 100 ME of Li=tryptophane
per ml. These three germinated spores did not show any growth on
this medium over a period of fifteen days, and hence are not C83 mutants.
These experiments indicate that the reversion arose as the result of
backmutation and not by the formation of a suppressor gene.

No appreciable differences in growth characteristics between
the backmutated strain C83re~C102~15300 and the comparable strain,

C102-15300, could be demonstrated (Fig. 7).
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Since the backmutated strain will grow well without the
addition of L.~tryptophane to the medium, it should contain trypto=~
phane desmolase activity. To invesiigate this possibility, crude
extracts of C83re~C1l02~15300 were prepared and purified accord=~
ing to the scheme outlined in Table I. Tryptophane desmolase activity
was found in the crude extracts although its specific activity was only
40% of that of crude extracts from C102-15300 == both strains having
been grown under the same conditions (see Experimental). The purifi-
cation observed for these extracts was not significantly different from
that obtained with extracts from C102-~15300.

The properties of the partially purified tryptophane desmolase
extract of C83re~Cl102~15300 were then examined. As was found to be
the case with the C102~15300 preparations, the rate of indole disappear=~
ance and of tryptophane appearance was the same, but the rate of L=
serine disappearance was 2.6 times that of indole (a value of 2.2 was
found for the C102~15300 preparations). No indole disappearance was
observed unless both L.-serine and pyridoxal phosphate were present.
The action of D=serine was tested and the results are expressed in
Table VIII.

A comparison of these data with those presented in Table III
indicates that with regard to the influence of D=serine there is no sig~
nificant difference between the two enzyme systerns.

The pH-activity curve for the reverted preparations is not
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Table VIII

The Effect of D-Serine on Tryptophane Desmolase Catalysis
(Strain C83re-C102-15300)

Initial concentration Initial concentration Vg X 106
of LL-serine, M. of D~serine, M.

0 0 0. 00
16 x 1073 0_, 1.24

0 16 x 10~ 0.06
80 x 10“2’ 0 1.52
80 x 10 80 x 1073 1. 48

vy in M:min. "1 at pII 7. 6 and 37. 0°C. Initial concentrations

are: indole, 4.74 x 10~% M; pyridoxal phosphate, 4. 6 x 1072 M;

0.2 M phosphate buffer; and ZO/ug. of protein-nitrogen per ml.
significantly different from that obtained with the reference material
(Fig. 8).

Utilizing the partially purified preparations of the back=
mutated strain, the apparent Km values for indole, L=serine and
pyridoxal phosphate were determined {Figs. 9-11). The conditions
under which these values were found are the same as those utilized
for the K., determinations with extracts from C102-15300 - Table IV.
For purposes of comparison both sets of values are given in Table IX.
The inhibition produced by L-tryptophane is also given in Table IX.
The K., values and the per cent inhibition by L~tryptophane determined
with the tryptophane desmolase from the backmutated strain do not
differ significantly from the corresponding values obtained with the

preparations from the reference strain.
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Table IX

Comparison of the K, Values and the Inhibitory Effect
of L.-Tryptophane on Tryplophane Desmolase from Strain
C83re~C102-15300 and Strain C102-15300.

Source of K _, Values*, M % Inhibition
Tryptophane - S——— by 2 x 1073 M
Desmolase Indole L~Serine ngsl,p?lz?e L-Tryptophane**
C102-15300 2.3 x10 ° 6.3x 1073  3.4x10°° 29

C83re-C102-15300
2.8x10°° 5.7x 103 4.4 x 106 26

* Conditions are those given in Table IV.

%% Determined at 37. 0° C in 0.2 M phosphate buffer, pH 7. 6. Initial
concentrations are indole, 4. 74 x 10™* M; DlL.-serine, 0. 160 M;
and pyridoxal phosphate, 4.6 x 10~5 M.

Thus the tryptophane desmolase preparations from both the
reference and the backmutated strains are alike in all of their proper-
ties that have been tested,

It is appropriate at this time to consider what conclusions
can reascnably be drawn from the data presented here. The C83
mutant originated from a cross of ultraviolet~irradiated conidia of
wild type 3A with protoperithecia of wild type 6a (4, 27). These wild
type strains were reisolates from a cross of wild type Em 525¢A and
Em 5297a. Yanofsky (7) has used the wild type strain Em5256 in his
studies of the properties of tryptophane desmolase. Although wild

type strains 3A and ba have not been tested for tryptophane desmolase

activity, they can reasonably be assumed to have this activity, since
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2) one of thcir parents has this activity, and b) all wild type strains
tested so far have tryptophane desmolase activity. No tryptophane
desmolase has been found in the mutant G83 or in extracts from it.
The data presented in Table VI indicate that the characteristics of a
tryptophane requiremeanl and of the lack of Lryplophane desmolase
activity are due to a single gene.

Ultraviolet irradiation has thus caused a single gene change
which is associated with a drastic limitation of the amount of active
tryptophane desmolase which the organism can produce.

The apparent reversal of this process has also been shown.
The C83 mutant will backmutate to a strain which contains active
tryptophane desmolase. Again ultraviolet irradiation has caused
what is apparently a single gene change that is associated with a
drastic change in the amount of active tryptophane desmolase which
the organism can produce. Clearly then it is reasonable to conclude
that a single gene exerts a control on either the production or de-
struction of active tryptophane desmolase.

Unfortunately no conclusions concerning the nature of this
control can be drawn from the data. The data are consistent with
the conclusion that the gene determines the specificity of the trypto-
phane desmolase, but they are equally consistent with the conclusion

that the gene has no influence on the determination of specificity. Since

there is no phenotypic difference between the backmutated strain



C83re-C102-15300 and the reference strain C102-15300 that is
indicative of a difference in genetic constitution at the CB3 locus,
there is no reason to conclude that the specificity of the tryptophane
desmolase from the two strains should be different, whether it is
assurned that this genétic material determines specificity or has no
influence on its determination. The fact that no differences could be
found in the specificity of the two tryptophane desmolase preparations
is in accordance with either assumption. Similarly the data do not
indicate whether the change in the gene influences the production or
the destruction of the active tryptophane desmolase, since all that
we are reasonably sure of is that there is a much smaller amount of
active tryptophane desmolase in the C83 mutant strain than in the
backmutant and the reference strains.

It is apparent that experiments in which one modifies the
nuclear genetic material in some unknown manner and then tries to
observe the end effect of such a modification in protein molecules are
of limited value in determining the actual action of the genetic material
as it is concerned with protein synthesis. This is not to say that such
experiments are not of any value, but rather that they cannot of them-
selves give the answer. In such a complicated situation of chemical
balance that must exist in the organism, the relationship between an
initial action of a gene and the end effect which is observed as the

results of this action is certainly apt to be a complex one. It will



probably be necessary that our knowledge of protein synthesis (i.e., of
the nature of the precursors of protein molecules) and of the chemical
nature of the nuclear genetic material will have to be greatly increased
before a conclusive answer to the question of the nature of genetic con=
irol of protein formation can be given. However, an increase in our
knowledge of the possible end effects of a gene change on protein mole~-
cules will undoubtedly improve the chances of successfully attacking
the problems of protein synthesis and the chemical nature of nuclear
genetic material.

The fact that a backmutation of the C83 gene has occcurred
indicates that the C83 mutant is not a result of a deficiency. If the
C83 mutant characteristics resulted from an actual deficiency of
chromosomal material, it is hard to imagine how a backmutation could
have taken place. It is of course possible that some ineri chromosomal
material in the immediate neighborhood of a deletion could, as a re-
sult of ultraviolet irradiation, be changed to duplicate the material
that was deleted. However, it is certainly simpler and more satisfying
to consider the mutation as a result of a structural change in the
chromosome material that does not involve any large loss of that
material. At any rate, considering the present state of cytological
techniques for observing Neurospora chromosomes, the fact that
backmutation can occur is about the best evidence that can be offered

to indicate that a mutation has not resulted from a deficiency. This then
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effectively invalidates the idea that the difference belween the c83
and the §1952 alleles could be due to the fact that the C83 mutant

represents a deficiency but that the S1952 mutant does not.
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Tryptophane Desmclase Activity in the Histidineless Mutant, C84.

In the preceding paragrashs it has been shown that a genetic
change (wild type to mutant C83 or mutant C83 to wild type) has caused
a drastic alteration in the amount of tryptoshane desmolase activity
that can be extracted from the mold, Can other genetic changes alter
the amount of tryptophane desmolase activity in a similar or more
moderate manner ? The suppressor effect of Yanofsky (8) on the$1952
mutant indicates that they can, Similarly Straus (28) has found that a
single gene mutant with low carboxylase activity has associated with
it a low tryptophane desmolase activity,

It was mentioned earlier that Mitchell (11) has found that
several nutritional mutants of Neurospora have associated with their
particular growth reguirement a relatively high tryptophane desmolase
activity (i. e., two to three times that found in wild type). One of these
mutants, C84, has a histidine requirement that cannot be satisfied by
any other compound so far tested (12). Crude extracts from cultures of
C84A grown at 25° C in minimal medium supplemented with 50 ug.
L-histidine per ml. for four days have a specific tryptophane desmolase
activity that is 2,8 times that of wild type 8a extracts grown under the
same conditions (these figures are the average of five independent
specific activity determinations with each strain).

It seemed possible that this higher activity might be associated

with the histidineless C84 mutant gene and thus represent a pleiotrophic
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effect of this gene. In order to test this possibility a cross of histidine-
less C84A with wild type 8a was made, Asci from this cross were
dissected and the ascospores isolated an. (ransferred to minimal agar
supplemented with 50 ug. L-histidine per ml, The progeny were thea
tested for growth on minimal medium with and without the addition of
L-histidine and classified as C84 or wild, These strains were then
grown for four days at 25° C in minimal medium supplemented with

50 8. L-histidine per ml. and crude extracts of the resulting cultures
then tested far tryptophane desmolase activity. The results from nine
asci are preseni:z . 1 Table X,

All of the wild type are seen to possess an activity comparable
to that of the parent wild type, The distribution of the relative specific
activity values for each wild type spore pair (the average value being
used where both members of the pair were examined) of the progeny is
presented in Fig., 12, Also presented in Fig., 12 are the distributions
for tae relative specific activity values for each wild type spore pair of
the progeny of C83A x 8a (see Table VI) and for the relative specific
activity values of eleven independent determinations of the specific
activity of the parent wild type 8a. Since there is no difference in the
average specific activity of the crude extracts of the 8a strain when
grown for four days at 25° C in minimal medium supplemented with
100 A L-tryptophane per ml. or when grown for four days at 259 C

in minimal medium supplemented with 50 g5, L-histidine per ml.,
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Table X

Tryptophane Desmolase Activity in Crude Extracts
from the Progeny of C84A x Ba.

Ascus Relative Specific Activity of Tryptophane Desmolase®
Number Cc84 Cc84 Wild type Wild type
1-8 6.00, 0.00 0.13 0.95, 1.13 1.15
(0. 00) (1.04)
1-9 0.00 0.11 0.94, 0.94 1. 07
(0. 94)
15«1 0.00, 0.44 3. 00 1.09, 1.18 0.90, 0.91
(0.22) (1. 14) (0. 90)
23-1 0.00, 0.00 0.00, 0.00 1.00 0.97
(0. 00) (0. 00)
26-1 0. 00 0.00, 9.00 1.03, 1.03 1.03, 0.87
(0. 00) (1.03) (0. 95)
2-11  0.00, 0.00 2.52 1.32, 1.35 1.35
(0. 00) (1.34)
21-1 0.00 2.36, 2.66 0.92, 1.16 0.92
(2.51) (1.04)
19-1 1.91 2.84, 2.49 1.01, 1.05 1.24, 1.44
(2. 66) (1.03) (1.34)
24-1 2.04 3.54 0.94, 0.89 1.06, 0.99
(0. 92) (1.02)

*The specific activity (initial rate of indole disappearance in

M+ (min.)” '+ (mg. protein-nitrogen per ml.)”!) relative to the average
specific activity of the parent 8a when grown for the same time (4
days) under the same conditions (25° C and in minimal medium supple~

mented with 50 pg. L-histidine per ml.).

The average of five specific

activity values for 8a extracts is 1. 69 x 10”5 M. (min.)~1- (mg. protein-
nitrogen per ml. )'1 and the average of five specific activity values for
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C84A extracts is 4.72 x 1072M- (min. )~} (mg. protein-nitrogen per
mal. )'], or relalive specific activity values of 1.00 and 2.80 respectively.

When two values are given for a single spore pair, they represent the
values obtained for each member of the pair. The average of the two

values is given in parentheses. The single values are for cultures
from only onec miember of the pair.

specific activity values determined under both conditions are included
in Fig. 1l2-c.

Considering the number of determinations in each case, the
distributions do not differ significantly, and thus it is reasonable to con-
clude that the wild type progeny of C84A x 8a are like the parent wild
type. However, the relative specific activity values of the C84 progeny
certainly differ by a significant amount from those of the wild type. The
values for the C84 mutants can be divided into two groups: 1) those which
are significantly higher than the values for wild type and approximate
the average value of 2. 8 for the histidineless parent C84A; and 2) those
which are zero or very low. Using this classification, the asci dis-
sected fall into three groups: 1) five asci with a 2:2 ratio between low
and wild type relative specific activities; 2) two asci with a 1:1:2 ratio
between low, high and wild type relative specific activities; and 3) two

asci with a 1:1 ratio between high and wild type relative specific activities.

The ascus patterns that are observed can be explained if it is
assumed that two genes (one of which is the C84 gene) are effective
in changing the tryptophane desmolase activity from that of wild type.

Let the other gene be represented by x. Then the cross of C84A to 8acan
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be represented as follows:

C84A x Ba — phenotypes

CB84 x x ca4t X_+ - genotypes

Ascus type 1 C84xT c84xt c84tx cs4atx
Ascus type 2 C84 fi C84 x c84t x ce4t xt
Ascus type 3 C84x Cé4 x c84t _};i ce4t xt

Thus the genotypes C84% i{i and C84F x would be phenotypically the

same in that they do not require L-histidine and that they have the same
specific tryptophane desmolase activity. The Eﬁifﬁ genotype then
represents the phenotype which requires L-histidine and has a low
relative specific activity, whereas C84 x represents strains which re-
quire L-histidine and have a high relative specific activity. In this
interpretation, x is effectively a modifier of 684', since it has no ab-
served effect in the presence of C847T,

As crude extracts from cultures of 12 of the 18 spore pairs that
require histidine have a low relative specific activity, the C84 and x
genes cannot be considered linked; hence we would expect that the proba-
bility of obtaining a gﬁ_f&_z{_‘_"_ spore pair would be equal to that of obtaining

a C84 x spore pair. The probability of getting the observed result of

twelve histidine-requiring, low relative specific activity spore pairs to
six histidine-requiring, high relative activity spore pairs or a result
which deviated from the most probable ratio of nine of one type to nine of
the other by more than that observed would be 0,234, Thus the observed
result is not significantly different from that which would be expected

from the theory. Furthermore, the observed ratio of 5:2:2 for the
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ascus types 1, 2 and 3 is not significantly different from what the
theory would predict (the most probable ratio under the theory being
1:2:1). It is then possible to say that the results are in agreement
with the genetic interpretation cutlined above,

Though this simplest genetic interpretation is in agreement
with the data, other equally valid interpretations involving additfional
genes can also be formed. However, all of these interpretations
have in common the assumption that the C84 gene or one closely
linked to it must exert an influence on the tryptophane desmolase
activity. Therefore, while these data are too meager to give any reliable
indication as to the total number of genes involved in changing the tryp-
tophane desmolase activity from that of wild type, they do indicate
that the C84 gene is involved.

It should be noted at this point that the C84 and C83 genes are
not allelic. C84 has been found to be in the linkage group E (29) by
Hass et al. (12). Thus they found tilat in an examination of 4124 germi-
nating ascospores from a cross of C84 to inositclless 37401 of linkage
group E, only 3.2% were wild type. The linkage group of C83 is not
known, but Pittenger (30) has found that an examination of 1236 germi-
nating ascospores from a cross of C83 to 37401 revealed that 24. 9%
were wild. These data provide good evidence that the C84 and C83 genes
are not allelic.

The fact that the C84 progeny of the C84A to 8a cross which
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show no tryptophane desmolase activity in crude extracts of four-day-~
old cultures will grow in the ahsence of L«tryptophane suggests that
they do not actually lack the tryptophane desmolase, or at least do
not lack the enzyme during some stage of their growth period. Four
of the C84 progeny of this type from different spore pairs were there-
fore grown for varying lengths of time at 25° C in minimal medium
supplemented with 50 ME- L~histidine. At the end of the growth
period crude extracts were made and the specific tryptophane desmo-~
lase activity measured. Under the same conditions, the specific trypto-
phane desmolase activities of crude extracts of the parents, 8a and
C84A; of one of the wild type progeny; and of one of the C84 progeny
which showed a high relative specific activity were measured as a
function of time of growth. The results of these experiments are
summarized in Fig. 13. For the sake of clarity the results from experi-
roents on only one of the four tested C84 progeny with low specific
activity are shown in Fig. 13. However, all four strains exhibited the
same type of curve except that the rise in specific activity (at ca. 90
hours for the strain given in Fig. 13) either occurred at a later time or
did not occur at all during the 166 hours over which the experiments
were conducted.

These curves emphasize the differences between the two types
af C84 progeny and their difference from the wild type progeny. It is

also apparent from these curves that there is no significant difference
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between the wild type progeny tested and its wild type parent 8a, nor
between the histidine~-dependent, high specific tryptophane desmolase
activity progeny and its comparable parent, C84A., The nature of the
curve for the histidine-dependent, low specific tryptophane desmolase
activity progeny shown in Fig. 13 is surprising, particularly in the
rise of specific activity afier a period of zero or very small activity.
This rise in specific activity suggests that the strains do not actually
lack tryptophane desmolase at the time when crude extracts of them
show no activity, but rather that no activity can be found in these
extracts because the enzyme is more difficult to extract from the
mold or because of the presence of some strong inhibitor in the
extract.

Neither of these possibilities has been critically investigated.
However, experiments utilizing mixtures of active and inactive crude
extracts do indicate that an inhibitor is present in the inactive extracts.
Table X1 shows the results of such a mixing experiment.

From these data it is apparent that something in the inactive
crude extracts of C84 (1-8~6) strain is inhibiting the activity of the 8a
extracts. The nature of this inhibiting material is not known. It was
thought that it might be 4=~(trihydroxypropyl)-imidazole, which is known to
be accumulated by the C84 mutant when grown on limiting concentrations
of L.-histidine (i.e., ZS/Mg. L.-histidine per ml.) (12, 31). However,

no inhibition was observed when this compound was present at a concen-
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tration of 1 x 1073 M, and thus it seems unlikely that it could be the
inhibiting material present in the inactive crude extracts of the
histidineless strains.

Although the results of the mixing experiments do show that
an inhibiting material is present in the inactive extracts, they do not
indicate whether or not tryptophane desmolase is present in these ex-
tracts. The answer to that question will have to await the results of
further experiments such as those designed to test for the presence
of tryptophane desmolase in the extracts of the C83 mutant (see
Table V).

It is apparent then that the data presented in this section
cannot be used to evaluate the question of the effect of the C84 gene
on the actual armount of tryptophane desmolase present in the mold.
The only reasonable conclusion that can be drawn from the data is
that the C84 gene influences the tryptophane desmclase activity in
the mold. Even here it is assumed that the activity of the crude
extracts represents a measure of the activity present in the mold.
This is certainly a reasonable assumption but nevertheless an assump-
tion, and hence the conclusion must remain a tentative one.

If this conclusion is utilized, it would seem that a single gene
change (trom C84T to C84) has caused two observable effects; 1) an L.~
histidine growth requirement and 2) a change in tryptophane desmolase

activity. The relationship between these two effects is not apparent as
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it is between the two effects caused by the C83 gene (i.e., an L~
tryptophane requirement and a low tryptophane desmolase activity).

It is prohable that the L.-histidine requirement is indicative of an
alteration in the activity of some enzyme system concerned with the
formation of Li~histidine which is not tryptophane desmolase. Follow=
ing this line of reasoning, one is forced {o the conclusion that the C84
gene influences the activity of two enzyme systems. This tentative
conclusion would then seem to be incompatible with the one gene-one
enzyme hypothesis since this hypothesis requires ''that a given gene

be concerned in a primary way with only a single enzyme'(1). The
word '"'primary! eliminates the coniradiction but at the same time
weakens the hypothesis and, at present, makes it impossible to prove
or disprove. Thus the question of which effect of the C84 gene — that
of causing a requirement for L-histidine or that of altering the trypto-
phane desmolase activity = is the primary one and which the secondary,
is obviously meaningless at this stage in our knowledge of the develop~-

ment of enzyme activity by the organism.
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Experimental: Methods and Materials

Crude Extracts: Crude extracts were prepared by two methods,

One method (Method A) resulted in more concentrated crude extracts
than did the other (Method B)., Method A was utilized for the preparation
of crude extracts that were to be purified ( Table I) or that were used in
attempts to find tryptophane desmolase activity in strain C83-Cl02-
15300 (Table V). Method B was used when assaying for activity in crude
extracts of the parents and progeny of the two crosses, C83A x 8a and
C84A x 8a,

Method A: The strains C132-15300, C83-C102-15300, and
C83re-C102-15300 were grown on minimal medium (32) or minimal
medium supplemented with 100 Me- L-tryptophane per ml,, depending
on the growth requirement of the strain, Either 8 or 16 liters of
medium were used for each preparation of mycelium, The carboys .
containing the medium were incubated at 259 C and the medium sub-
jected to forced aeration., After the desired time (4 days for the Cl02-
15300 and C83re-Cl02-15300 strains; 2, 3, 4 or 5 days for strain C83-
C102-15300) the mycelium was removed by filtering through cotton
cloth and washed three tirnes with distilled water, The mycelium was
then used immediately for the preparation of the crude extract or
frozen at -16° C and stored at this temperature until used.

The mycelium was ground in a mortar in the presence of 0.5 g.

of sand and 1.0 ml. of 0,2 M dibasic potassium phosphate containing
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2 mg, DL-serine per ml. for every gram (wet weight) of the mycelium,
Mitchell and Gordon (15) have found that the presence of DIL.-serine
helps to stabilize the tryptophane desmolase in crude extracts — hence
it was used in the grinding operation. Generally ca. 15 3, of mycelium
were ground for 10 minutes in a mortar that was 16 crn, in diameter
and 10 cm, high, The ground material was then centrifuged for 20
minutes in a Servall centrifuge at ca. 5,000 r.p.m. The supernatant
was used as the crude extract. All operations were carried out in the
cold room maintained between 2-4° C.

Method B: The parents or progeny of the two crosses C83A
x 6a or C84A x 8a were grown on 2U ml. of minimal medium supple-
mented with the appropriate growth factor contained in 125-ml., Erlen-
mevyer flasks, The flasks were incubated at 25° C and, after the
appropriate growth period, the mycelial pads were removed and washced
once with distilled water.

The mycelium was immediately ground in a mortar in the
presence of 2,0 ml, of 0.2 M dibasic potassium phosphate containing
2 mg. DL-serine per ml., 2,0 ml, of 0,2 M phosphate buffer at pH 7.7,
and 0.5 g. of sand for every gram (wet weight) of mycelium. The
conditions of grinding were standardized as follows: approximately
1 g. of mycelium was ground for 5 minutes in mortars having a diameter
of 13 crn, and a height of ¥ cm., The ground material was then

centrifuged in a Serwvall centrifuge for 20U minutes at ca, 5,000 r,z.m.
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The supernatant was used as the crude extract and its tryptophane
desmolase activity determined three hours after the grinding operation

was initiated. All operations were carried out at room temperature,

Tryotophane Desmolase Activity: Solutions of the substrates,

pyridoxal phosphate and inhibitor (if any) in 0,2 M phosphate buffer of
the desired pH value were added to 6-inch test tubes., These tubes were
then equilibrated at 37.0 T 0,1° C in a water bath. At time t = o the
appropriate amount of tryptophane desrolase extract (also equilibrated
at 37,0 ¥ 0,10 C) was added to these 6-inch test tubes and the mixture
then stirred for ca. 20 seconds., The test tubes were allowed to remain
in the water bath and 1.00 ml. aliquots were removed at convenient
intervals and analysed for indole by the method of Fearon (33). Thus
the 1,00 ml. aliquots were immediately placed in 6-inch test tubes
containing 5, 00 ml, of a solution of 1,00 g, of xanthydrol in 1 liter of
glacial acetic acid and the cantents shaken. These tubes were then
heated at 100° C for thirty minutes, cooled, and the intensity of the
color determined with a Klett-Summerson photoelectric colorimeter
equipped with a green filter (filter no. 54 — transmission range ca.
500-570 milliraicrons). The colorimeter readings were always found

to be directly progortional to the indole concentrations up to 8 = 1074 M,
although the proportionality constants were found to be dependent on the
age of the xanthydrol solution and on the pH and serine content of the

calibrating solutions, Therefore, the proportionality constant was
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always determiné‘d from indole solutions of the same pH value and serine
concentrations as those utilized in the enzymatic reaction mixture.

Since a calibration curve was prepared for each enzyme run, the age

of the xanthydrol solution that was used for the calibration solutions

and the reaction solutions was the same, The change of the propor-
tionality constant with age of the xanthydrol solution is small — a change
of only 10% was observed over a period of three months, The propor-
tionality constant is not dependent upon the presence or absence of
pyridoxal phosphate in the concentrations used in these experiments,

The initial rate of disappearance of indole (Vo) was determined
from a plot of colorimeter readings versus time. The initial part of
the curve was always found to be linear and hence zero order, Typical
curves are given in Fig, 14.

The initial rates of indole disappearance utilized in the calcu-
lation of specific activities for the crude extracts of the parents and
progeny of the two crosses — C83A x 8a and C84A x 8a — and for
following the purification of crude extracts were determined under the
following standard conditions: temperature = 37, 6 ¢; pH = 7, 6; initial
concentration of indole = 4,22 x 10-4 M; initial concentration of
DL-serine = 0,171 M; and initial concentration of pyridoxal phosphate =

4.8x107°

M.
The protein-nitrogen content of the extracts was determined

by the Kjeldahl method after precipitation with trichloroacetic acid.
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Tryntophane and serine were determined from separate 1. 00 mnl,
aliquots of the reaction solution., Immediately after withdrawal from the
reaction solution, the 1,00 ml. aliquot was mixed with 1,00 ml. of 2%
perchloric acid. The protein that precipitated was centrifuged down and
the clear supernatant used for tryptophane and serine determinations.,
The tryétophane was determined by the method of Gordon and Mitchell
(34). The serine was determined by a modification of the method of
Boyd and Logan (35). A 0,20 ml, aliquot of the supernatant solution
was mixed with 0,20 ml, of 0.01 M metaperiodate. After standing at
room temperature for two hours and then at 39 C for 6.5 hours, 3,00 ml,
of 0.039 M sodium arsenite and 2.50ml of a chromotropic acid solution
(720 mg. chromotropic acid in 20 ml., of water mixed gradually in an ice
bath with 30 ml, concentrated sulfuric acid) were added. The ruixture
was heated at 100° C for 25 minutes, cooled, and the intensity of color
measured with a Klett-Summerson photoelectric colorimeter equipped
with a green filter (filter number 54). One ml. aliquots of solutions
containing known amounts of DIl.-serine were treated in the same fashion
as the aliquots of the reaction mixture. The standard curve is linear

for DL-serine concentrations from 0 to 3 % 10'3 M.

Materials
Eastman Kodak Co, (white label) indole was recrystallized from
hot petroleum ether (86-100° C) to vyield colorless lamelar crystals,

m,p. 52-52,5° C,
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D-Serine and L-serine were obtained from the California
Foundation for Biochemical Research and, according to the manufac-
turer, have the following properties:

D-serine — [o(]D = -14.49 (c. 13% in 1 NH Cl); lit. (36),
25 3 t+ o 3
[oc] = -14.3 1 0,29 (c. 10% in 1 NHCI).

D
Anal. Calcd. for C3H50O3N (1G5): N, 13.33.

Found: N, 13,25,
L-serine — [o(]D = +14.3° (c. 10% in 1 NH Cl); lit. (36),
[]57= +14.4° % 0,20 (c. 10% in 1 NH CL).

Anal, Calcd. for C3H7O3N (165): N, 13.33,

Found: N, 13,41.

DL-Serine was obtained from Winthrop-Stearns, Inc, Pyridoxal
phosphate was obtained from Merck and Co. in the form of the calcium
salt (Lot No. 9R10Ub8) and is stated to have a purity of 66%. The
xanthydrol and chromotropic acid (1, 8-dihydroxynaphthalene-3, 6-
disulfonic acid) were obtained from the Eastman Kodak Co., The
4-(trihydroxypropyl)-imidazole was kindly supplied by B. N. Ames
(see 31). The L-tryotophane was obtained from the Van Camyp Labora-
tories and the Li-histidine from Merck and Co, All other chemicals

used in these investigations were of reagent grade,
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PROPOSITIONS

The structure of the triphosphate grouping of adenosine~5' triphos~
phate rests primarily on tilrimetric studies, since its synthesis is
not unambiguous (1,2). I propose that the utilization of c! labelled
dibenzyl chlorophosphonate at one stage in the synthesis would pre~
vide a method by which the ambiguity could be eliminated.

1. Baddiley, J., Michelson, A. M., and Todd, A. R.,

J. Chem. Soc. }_9_%_(_)_, 582.
2. Michelson, A. M. and Todd, A. R., J. Chem. Soc.

1949, 2487.

Since it has been shown that mixtures of trifluorcacetic anhydride
and carboxylic, sulfonic, nitrous or nitric acids react with alcohols
to yield esters (3), consideration should be given to the use of mix-
tures of trifluoroacetic anhydride and phosphates as phosphorylating
agents of alcohols. In particular the use of the mixed anhydrides of
trifluoroacetic acid and a nucleotide in the formation of di~ and
polynucleotides should be considered.

3. Bourne, E. J., Stacey, M., Tatlow, J. C., and Tedder,

J. M., J. Chem. Soc. 1952, 1695.

I propose that biochemical pressure mutants of microorganisms

should exist,
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From the anomalous sedimentation behavior of alpha=chymotrypsin
it has been inferred that the protein undergoes a reversible dimeriza-
tion (4). This could be tested by a kinetic analysis at high enzyme
concentrations.

4. Schwert, G. W. and Kaufman, S., J. Biol. Chem. 190,

807 (1951).

I propose an interpretation of the differences in suppressor action on
the two tryptophaneless mutants, C83 and $1952 (5, and Part II of this
thesis).

5. Yanoifsky, C., Proc. Nat. Acad. Sci. 38, 215 (1952).

. Since it has been shown that organic peroxides can function as muta~

genic agents (6), consideration should be given to the influence of
peroxide~producing enzymes suck as lipoxidase (7) on the spontaneous
mutation rate.
6. Dickey, F. H., Cleland, G. H., and Lotz, C., Proc. Nat.
Acad. Sci. 35, 581 (1949).
7. Bergstrom:;, S. and Holman, R. T., Adv. Enzym. §, 425

(1948).

Since indole has a high affinity for tryptophane desmolase, considera=-
tion should be given to the possible coprecipitation of indole and the

enzyme as a means of purifying the enzyme. Alternatively, the
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polymer of indole that is formed in acid solutions might be used as a
specific absorbent for tryptophane desmolase. These techniques

might also be applied to the purification of alpha~chymotrypsin.

. Two methods are suggested for testing the possibility that the P,
protein of Cohn and Torriani (8) functions in the induced formation
of ﬂ«galactosidase in E. coli (9).

a. Equilibrium dialysis studies of the PZ protein and the
inductors of ﬂ**galactosidase would determine whether
or not the inductors are specifically bound to the P,
protein.

b. Sinced -galactosidase activity cannot be induced in amino acid
requiring mutants of E. coli unless the amino acid is present,
addition of the amino acid labelled with Cl'4 to E. coli starved
for the amino acid and in a medium containing a /Z=galactosi=
dase inductor might produce radioactive /3 ~galactosidase
containing mare c14 than the bulk of the protein. Hence an
examination of the radioactivity present in the P, protein
would give an indication of any specific role it played in the
formation of ﬂ ~galactosidase.

8. Cohn, M., and Torriani, A. M., C. R. Acad.
Sci. 232, 115 (1951).

9. Monod, J. and Cohn, M., Adv. Enzymol. 13, 67 (1952).
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9, It has been shown that the egg of Arbacia punctulata can be centri-

10.

11.

tugally dissected into quarters, one of which contains the nucleus
Gul no rmitochondria (10). Since this guarter can develop into a
normeal pluteus which contains witochoadria, lhis systern could

be utilized to study the development of mitochondria. Therefore,
it is proposed that the enzyimne systems normally associated with
animal mitochondria be studied in the microsomal and mito-
chondrial fractions of ground up cells which are at various stages
in their development. In this manner a developmental relationship
between the microsomes and mitochondria might be detected.

10. Harvey, E. B., J. Exp. Zool. 102, 253 (1940).

I propose that sonic vibrations might be utilized to increase the

efficiency of fractionation columns.

The argument that if two substrates, S; and §,, of the same enzyme

have Kg and k, values such that (Kg)y < (Kg), and (k?’)1 = (k3)2’ then

P e e s e i o e el e e T e 2 L e ok o oaerd TT T A en

e Cofrebponul.ﬂg CliLylilc™ouUupdtidic WdsUlLiailUll Cullstalillto Wilid Jo 1
k2 k2 .

the same order as are the Kg values (———) <(_...) is not valid (11).

11 'k
., J. Am. Chem. Soc, Z_‘_{,

O =

11, Hogness, D. S. and Niemann,

3183 (1952).



