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we assume that there are molecules in the glass having
either cisoid or transoid configurations.* Because there
should be a large amount of steric strain in the cis
configuration we were a little surprised by the evidence
that both configurations were appreciably populated at
77°K. Since the setting temperature of MCIP is
significantly higher than 77°K., it seemed possible
that non-equilibrium configurations might have been
“frozen in.”” It has been reported® that a glass formed
from isopentane (6 parts) and 3-methylpentane (1
part) has a setting temperature very close to 77°K.
Therefore, we prepared a solution of B-naphthil in
this glass with the thought that mobility would be
maintained at lower temperatures and something
closer to configurational equilibrium would be estab-
lished in this system. As illustrated by Fig. 3, the
phosphorescence spectrum of §-naphthil in this system
has only two bands at 18,830 and 17,360 cm~1. Prob-
ably only trans molecules are present in this glass.
The experiment in the low setting glass also indicates
that the ‘‘second’’ emission from B-naphthil in MCIP
is not due to an impurity.

In light of the interpretation offered, we must pre-
sume that the emission from EPA solution arises es-
sentially exclusively from cis triplets. While this leads
to the conclusion that the ratio of ¢zs to frans ground
state configurations is greater in that solvent than in
the hydrocarbons, it does not imply that the ratio is
necessarily greater than unity. Since the lifetime of
the trans triplet is obviously much shorter than that of
the cis isomer, the decay process may have changed the
trans/cis ratio by a large amount before emission is
measured in any of our experiments.

Recently, evidence has been presented® which sup-
ports the existence in methanol-methylcyclohexane
solutions of two retinene triplets. It was suggested
that the ‘‘second’ triplet is a retinene-methanol
complex. In view of our observations with 8-naphthil,
we would like to propose as an alternative explanation
the existence of two stereoisomeric retinene triplets.
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SUBSTRATE CONTROL OF CONFORMATION
CHARACTERISTICS IN CHYMOTRYPSIN!
Sir:

In a stimulating series of studies Vaslow and Do-
herty? found that although the equilibrium constant
for tlie binding of virtual substrates to a-chymotrypsin
(CT) was nearly independent of pH, the standard
enthalpy and entropy underwent large variation. The
occurrence of a significant variation in entropy change
comnpensated by enthalpy changes suggested to them
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Fig. 1.—The value of the parameter g, for a-chymotrypsin and
some derivatives. The solid circles are from «-chymotrypsin in
the presence of 0.02 M hydrocinnamic acid; the open triangles
from a-chymotrypsin in the presence of 0.007 M acetyl-L-tyrosine
ethyl ester,

a modification in protein structure on substrate binding,
with a maximal effect at about pH 7.5, the lowest
pH of maximum catalytic activity. Schellman and
Vaslow? could find little or no substrate dependence
of optical rotation though the experiments were not
carried out under optimum conditions. Simpson,
Jacobs and Lumry* repeated the experiments of Vaslow
and Doherty using trypsin, an enzyme known to be
very similar to CT in its catalytic properties. Dialysis-
equilibrium studies showed single-site binding with pH
and temperature dependencies essentially identical
with those reported for CT. Addition of virtual
substrates at pH 8 produced no change in viscosity,
specific rotation or tryptophan spectrum for trypsin
solutions. Subsequently Brandts® observed that the
characteristic small substrate of CT, acetyl-L-tyrosine
ethyl ester (ATEE) at pH 2 greatly reduced the entropy
and enthalpy of the reversible denaturation of chymo-
trypsinogen. This observation coupled with the report
by Rupley, Dreyer and Neurath® of a pH-dependent
change in specific rotation of CT lead us to suspect
that conformation changes due to bound substrates
might occur at low pH values rather than at high. Such
was found to be the case in our early studies of the spe-
cific acylating reagents: diisopropylfluorophosphate
(product DIPCT) and p-nitrophenyltrimethylacetate
(product TMACT).! There were significant changes
in protein physical parameters at low pH and also at
high (ao in Fig. 1 for example) some of which were in-
dependently observed by Hess and co-workers.” We
have now found that real and virtual substrates produce
quite as large changes in optical rotation as do the
specific acylating reagents. The g, parameter com-
puted from rotatory-dispersion data using the Moffitt
equation® is presented as a function of pH at 23° in
Fig. 1. Hydrocinnamate ion (HC) is a good competi-
tive inhibitor though a poor virtual substrate. The
Moffitt b, parameter varies froin forin to forin with pH
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but at pH values below 7 its change is too small to
be reported without full statistical analysis.

Optical rotation differences between CT and modi-
fied forms are greatest at low and at high pH values.
Since b differences becoute large at pH values above 8,
it is probable that two different domaius of the protein
dominate our observations—one at low pH, the other at
high. Above pH 8 reliable data for HC binding have
1ot been obtained since HC greatly increases the au-
tolysis rate of CT. In the pH region below 7.5 ao dif-
ferences appear to cousist of a large pH-independent
change supplemnented by a smaller pH-dependent varia-
tion1 which reflects the pH dependence of a¢ in unmodi-
fied CT. As measured by g, the normal conformation
for catalysis appears to be that at pH 7.5 and the larger
change mentioned above is either a consequence of
acylation and substrate binding or a necessary prelimi-
nary process.

Acetyl-p-tyrosine ethyl ester (A-D-TEE) produces
no change in rotation at pH 2.4. With ATEE rotation
change shows a first-order dependence on substrate
concentration with an equilibrium constant at pH 2.5
of approximately 2 X 10— }/. Dialysis-equilibrium
studies® show only one binding site. Hence rotation
changes are to be attributed to the binding of one mole-
cule of ATEE and not to any indirect effect of ATEE
on solvent properties. Rotation changes due to HC
at pH 4 are also first-order in HC concentration with an
equilibrium constant of 6 X 107? M in good agreement
with constants from fluorescence studies,®!® from
virtual substrate binding studies? and from some studies
of HC as a competitive inhibitor of CT catalysis.!!!?
Hence, again we can attribute the effect to binding of
substrate.  In current interpretations, changes in ao
without corresponding b, changes are due to changes
in {freedon of vicinal groups or environment composition
at asymmetric carbons. Hence @, variations are to
be attributed to conformation changes, though these
may involve only alterations in structural rigidity
and conformational relaxation times. There is no proof
in this work that substrates influence conformational
properties through binding to groups of the catalytic
site. However, though a second binding site may be
involved, there is thus far no evidence which makes
this a probable situation. Substrate binding at low
pH cau be divided into two parts: (1) a change in con-
formational properties and (2) direct interaction of sub-
strate and protein at the binding site. At pH 7.5
the change in conformation indicated by ao is a mini-
mum and the direct interaction appears to dominate
the thermodynamics. However, fluorescence studies
to be reported suggest that this analysis is too simple.

The conforinational changes may prove to be trivial
or too sluggish to be related to fast catalytic processes.*
On the other hand, the relationship between AH or
AS for virtual substrate binding? and the pH depend-
ence of ag for CT indicates an iinportant relationship
between the pH-dependent conformational processes
associated with the formation of the specific nucleo-
plilic site for catalysis and virtual substrate binding.
There are relatively small but essential readjustments
in the protein fabric which convert CT from a passive
binding agent to a catalyst and these are directly or
indirectly coupled to substrate binding. The effects
of substrate binding are similar to and, where compari-
sons are possible, as large as those produced by specific
acylation. The data suggest that if specific acylation
ocecurs at the catalytic site, so does the binding of more
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normal substrates responsible for the changes in as.
It is important to note, however, that there is no basis
in this work upon which to postulate the occurrence of
important conformation changes during norial cataly-
sis. Of the substances tested ouly diisopropylfluoro-
phosphate produces significant g changes at pH 7.5
and there is no reason to suppose that the interaction
of this substance with CT parallels the processes of
normal catalysis. Current high-speed kinetic studies
and static fluorescence studies may provide some basis
for postulating conformational changes during normal
catarysis and these will be reported. Several authors
have proposed that primary bond rearrangenient witlin
the protein is essential to the forimation of the specific
nucleophilic site.!® It is our thesis that an equally
esscr:tial aspect of the development of this site 1s tle
distortion of primary bonds which provides the neces-
sary local electronic properties for catalysis.!* We
shell defend this thesis and present details of our
results in forthcoming papers.

‘Axperimental. —Rotatory dispersion measurements
were made with a Rudolph Model 200 spectropolarim-
etzr modified to increase ease of reading and precision.
Potein concentrations were usually 0.39;,. The molec-
u'ar weight of the protein was taken as 24,800. The
routine standard deviation in g is 3° but variations in
protein concentration often increase this error to 5°.
‘The \¢ parameter was 2390 A., the best-fit value
found by Brandts® Worthington CT and chymo-
trypsinogen were used throughout without further
purification. TMACT, acetylCT and DIPCT were
made by well-known procedures.*®
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H ATOM ADDUCTS—NEW FREE RADICALS?
Sir:

The question as to whether molecules such as water
or ammonia in the gas phase have an affinity for a hy-
drogen atom is of considerable interest since it implies
the stability of free radicals of the type HA where A is
a saturated proton acceptor molecule. An answer to
this question may be obtained by considering the bond
dissociation energies involved in a conventional hy-
drogen bonded system such as X-H. . .A. The bond
dissociation energy in the isolated hydrogen donor
molecule XH in the gas phase is given by

D(X — H) = AH/(X) + aH,(H) — AH/(XH) (1)
wliere AH, is the heat of formation in the gas phase.

In the complex

D(X-HA) = AH/(X) + AH.(HA) — MH(XHA) (2)
the enthalpy of hydrogen bond formation may be writ-
ten as
—AH = D(XH-A) = AH/(A) + AH,(XH) — AH/(XHA)

(3)
To construct a cycle we may write the bond dissociation
energy of the HA radical as
D(H-A) = AH,(H) + AH(A) — AH(HA)  (4)
so that from these equations one readily obtains the



