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Previous experiments had indicated that 20 of the hydrogens of ribonuclease do not exchange with deuterium below the
trausition temperature at pH 4.8, presumably because 20 groups are involved in hydrogen bonds which are inaccessible to

the solvent.

Near infrared absorption measurements (involving the first overtones of the fundamental frequencies) indi-

cate that these hydrogens are bound to nitrogens, rather than oxygens, and therefore are probably part of the backbone
peptide hydrogen-bond system. On the basis of near infrared studies of methanol, aniline and poly-~-benzyl-L-glutamate it

is possible to distinguish between hydrogen-bonded and non-hydrogen-bonded NH and OH groups.

The 20 hydrogen-

bonded NH groups of the ““hard core’ of ribonuclease can be detected in a near infrared difference spectrum when r.ibox}ucleas.e
(containing these 20 NH groups) is measured against fully deuterated ribonuclease in D,O. A fairly good quantitative esti-
mate of the number of NH groups in ribonuclease in D.O (7.e. 20) was made with the aid of a calibration spectrum obtained

with internally hydrogen-bonded poly-+y-henzyl-L-glutamate.

Introduction

Previous deuterium-hydrogen exchange studies
of ribonuclease® at pH 4.8 indicated that about 20
hydrogens do not exchange with deuterium unless
the protein is above the transition temperature (60°
at this pH). Presumably, the unfolding of the
molecule at high temperature permits this ‘‘hard
core” of 20 hydrogens to become accessible to the
solvent. 1In previous interpretations*® of the ex-
change measurements it was tentatively assumed
that the 20 inaccessible hydrogens were part of the
backbone peptide hydrogen-bond system rather
than being involved in side-chain hydrogen bonds.
Infrared evidence to be presented here indicates
that these 20 groups at NH rather than OH donors,
supporting the original hypothesis that they are in-
volved in peptide NH. . .OC backbone hydrogen
bonds.

The measurements reported here were made in
the near infrared (0.7 to 3.5 ) where the absorption
depends on the overtones and combinatory fre-
quencies of the fundamental vibrational modes
involving primarily hydrogenic stretching vibra-
tions. There are several practical advantages in
studying absorption in the overtone rather than in
the fundamental frequency region. First of all,
the resolving power of the available instruments
(Beckman and Cary spectrophotometers) is higher
in the overtone region. Secondly, the extinction
coefficients are lower in the overtone region; this
permits the use of moderately concentrated solu-
tions with optical path lengths comparable to those
usually used in the visible and ultraviolet regions
(i.e. 1 to 10 em.); furthermore ordinary silica cells
are very suitable for the measurements. Therefore,
near infrared measurements were carried out on
solutions of ribonuclease in D,O and on several
model systems in a variety of solvents. Details of

(1) This investigation was supported by a research grant (E-1473)
from the National Institute of Allergy and Infectious Diseases, of the
National Institutes of Health, U. S. Public Health Service, and by a
research grant (G-6461) from the National Science Foundation,

(2) Presented before the Division of Biological Chemistry at the
138th meeting of the American Chemical Society, New York, New
York, September, 1360.

(3) C. L. Schildkraut and H. A. Scheraga, TH1S JOURNAL, 82, 58
(1960).

(4) H. A. Scheraga, ibid., 82, 3847 (1960),

(5) H. A, Scheraga, C. Y. Cha, J. Hermans, Jr., and C. L. Schild-
kraut, ““Amino Acids, Proteins, and Cancer Biochemistry,” Academic
Press, Inc., New York, N. Y., 1960, p. 31.

near infrared spectroscopy may be found in the
reviews of Kaye.5 _

The near infrared studies of this paper provide
information on the hydrogen bonding of amide
groups of a similar nature observed in the funda-
mental region by several workers.”

Experimental

Materials.—The bovine ribonuclease was obtained from
Armour Laboratories® (Lot Nos. 381-059 and 647-213):
Poly-y-benzyl-L-glutamate (PBG) of molecular weight of
about 2 X 10%, 1,2-dichloroethane (DCE) and D.O were the
sanie materials used in a previous study.® Chloroforni,
carbon tetrachloride and methanol were A. R. grade Mallinc-
krodt products. Baker and Adamson purified grade auiline
was distilled at atmospheric pressure to give a colorless
product.

Deuteration of Ribonuclease.—Ribonuclease was deuter-
ated by dissolving 1 g. in 10 ml. of D;O (alternatively, 4 g.
in 25 ml. of D;0), keeping the solution at 38° for 24 lir.
and then lyophilizing the material. Tlie process was theu
repeated on the lyophilized protein. Under these condi-
tious, all but 20 of the exchangeable hydrogens were re-
placed by deuterium.® This material is designated RNase-
Hz. Another sample was fully deuterated by performing
the two stage deuteration at 65° for 15 minutes.®" This
material is referred to as RNase-all D.

Solutions of each of the samples were prepared by weighing
equal amounts of botli samples and dissolving them in equal
amounts of D:0. Tliese solutions were then centrifuged at
10,000 g for 20 minutes to remove insoluble material.
Concentrations were determined by measuring tlie optical
density at 287 mu of aliquots which were diluted with Hz0,
using extinction coefficients which liad been deterniined for
eacll lot in separate dry-weight vs. optical density measure-
ments.'? By this metliod the concentrations of each pair of

(6) W. Kaye, Spectrochim. Acta, 6, 237 (1954); 7, 181 (1935).

(7) See, for example, H, Lenormant and E. R, Blout, Nature, 172,
770 (1953); G. H. Haggis, Biochim. Biophys. Acta, 19, 545 (1956);
23, 494 (1957); E. G. Bendit, M. Feughelman, R. D. H. Fraser and
T. P. MacRae, Textile Research Journal, 29, 284 (1959).

(8) Our previous exchange studies® were also carried out with Ar-
mour lot No. 381-059. In similar exchange experiments, Stracher?
found that the protein from one bottle of lot 381-059 behaved similar
to our samples (i.¢., there was a considerable number of non-exchange-
able hydrogens below the transition temperature) but that the protein
from a second bottle of lot 381-059 gave uo indication of nou-exchange-
able hydrogens. We have used protein from three different bottles,
the first (lot 381-0539) for exchange studies,? the second (lot 381-059)
and third (lot 647-213) for the infrared studies reported here. All
three appeared to be ideutical as far as the presence of the non-ex-
changeable hydrogens was concerned.

(9) A. Stracher, Compi. rend. trav. lab. Carlsberg, in press. We
are indebted to Dr. Stracher for sending us a copy of the manuseript,

(10) M. Calvin, J. Hermans, Jr., aud H. A. Scheraga, TH1S JOUR-
NaL, 81, 3048 (1959).

(11) J. Hermans, Jr., and H. A. Scheraga, Biochim. Biophys. Acta,
86, 534 (1959).
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solutions of RNase-Hj and RNase-all D in DO were found
to agree within 19%.

In order to check on possible effects of deuteration on the
enzymatic activity of ribonuclease, the ratio between
hydrolytic activity towards ribonucleic acid (as determined
with the use of a pH-stat) and concentration was determined
in H;O and compared with that of the original non-deuter-
ated sample.!® These ratios, expressed in arbitrary units,
were 85 for RNase-Hy, 82 for RNase-all D and 87 for the
untreated sample from lot 381-059. Since the assay is
accurate within =49, the figure of 82 differs from that of
87 for the untreated sample by an amount just possibly
outside the limit of error. Therefore, we may conclude
that deuteration at 838° and subsequent lyophilization do not
produce any measurable denaturation of the enzyme and
that denaturation occurs only to a very slight extent when
the sample is deuterated at 60°. This slight amount of
irreversible denaturation should not affect the validity of our
results.

Infrared Measurements.—Near infrured absorption spec-
tra were obtained both on Beckman DK and on Cary!s
Model 14 recording spectrophotometers. All the graphs
shown here were based on data obtained with the Cary
instrument. The stoppered quartz absorption cells had 10,
2 and 1 cm. light paths, respectively. The reference cell
usually contained solvent; however, in measurements of
difference spectra of ribonuclease, the reference cell con-
tained RNase-all D in D,O and the other cell contained a
solution of the saine concentration of RNase-Hy in D,O.

In order to obtain a baseline (f.e. D = 0, where D is
optical density) the values of D over the wave length range
were first adjusted to a horizontal straight line with no cells
in the light paths. Both cells, filled with D,;O, were then
placed in the light paths and a constant value of D was
recorded in the wave length region below 1.8 u. Above
1.8 u, the D values were not interpretable because of masking
by the strong absorption by D;0.

Previous measurements of difference spectra in the
infrared have been carried out by Saroff, et a/.16

Results

Model Compounds.—In order to be able to
identify the absorption peaks due to OH and NH
groups and to see whether the peaks could be re-
solved, the near infrared spectra of 1%, (v:v) solu-
tions of methanol and aniline, respectively, in CCl,
were determined using cells of 1 cm. path length.
The absorption bands at wave lengths correspond-
ing to twice the fundamental stretching frequency®
are shown in Fig. 1A and 1B. The peaks occur at
wave lengths' of 1.40 y for the OH and 1.45 p and
1.50 p for the NH groups, respectively. These
wave lengths presumably correspond to nonhydro-

(12) The extinction coefficients were found to be 0.715 cm.?/g. for
ot no. 381-059 and 0.790 em.2/g. for lot no. 647-213.

(13) During the assay in H:Q, the hydrogen content of the proteins
increases, the limit for RNase-Hy being Rnase-all H and that for
RXNase-all D being RNase-Dag.

(14) J. Hermans, Jr., and H. A, Scheraga, unpublished results.

(15) We are indebted to Prof. R, L. Sprovll of the Physics Depart-
ment for making this instrument available to us.

(16) H. A, Saroff, N. R. Rosenthal, E, R, Adamik, N. Hages and
H. A, Scheraga, J. Biol, Chem., 205, 255 (1953).

(17) The peak at 1.40 u corresponds to OH stretching, the funda-
mental absorption occurring at 2.76 u%; those at 1.45 x and 1.50
correspond to antisymmetrical and symmetrical stretching modesé 18
of the N'Ha gronp, respectively.

(18) In reference 6, an alternative explanation is given for the origin
of the peaks at 1.45 y and 1.50 ux. The former is assigned to the
non-hydrogen bonded and the latter to the hydrogen bonded (due to
association) NH-stretching modes. This alternative explanation can-
not be correct for the following reasons: (1) The double-peak spectrum
persists at lower concentrations where intermolecular hydrogen bonds
would disappear, and (2) The NH-stretching mode of aniline gives rise
to a double peak spectrum at 2,87 u and 2.93 x under conditions where
no hydrogen bonds are formed!s; the first overtones can therefore be
expected at 1.44 4 and 1.47 4, in good agreement with our observations.

(19) A. M. Buswell, T. R, Downing and W. H. Rodebush, THTs
JoUrNAL, 61, 3252 (1939).
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Fig. 1.—Near infrared spectra of model compounds in CCly
solution in 1 cm. quartz cells.

gen-bonded OH and NH groups. If the concentra-
tions of methanol and aniline are increased, the
ratio of optical density at the peak to concentra-
tion decreases, i.e., the band is depressed and the
absorption at higher wave lengths (> 1.50 ) in-
creases. This effect of increasing concentration on
the spectrum probably is due to the formation of
intermolecularly hydrogen-bonded aggregates.®
Even at a concentration of 19 there is evidence
that Beer’s law does not hold, the deviations being
greater for methanol than for aniline. These
effects also have been discussed by Kaye.$

In a mixture of methanol and aniline these peak
wave lengths are essentially unchanged, the spec-
trum being a superposition of those for the sepa-
rate components (Fig. 1C). The slight deviations
from additivity probably arise from the fact that
Beer’s law does not hold exactly for the separate
components.

From the data of Fig. 1, it can be seen that non-
hydrogen bonded OH and NH peaks can be resolved
in the near infrared.

Poly-y-benzyl-L-glutamate.—In order to obtain
data on a kydrogen bonded NH group, measurements
were carried out on PBG in DCE, a solvent in
which PBG is in the helical configuration.® Chloro-
form would have been preferred to DCE as the sol-
vent, in order to reduce the peaks due to CH-
stretching overtones. However, at the concentra-
tions required for observing the spectra, the vis-
cosity of the solution in CHCl; was too high?! for
convenient work. The spectrum is shown (Fig.
2A) in the region where there is no interference
from the absorption by the solvent. It should be
noted that the wave length of maximum absorption
has been shifted to 1.54 u, compared to 1.50 u
observed for aniline. This shift arises from the fact
that the NH groups are hydrogen-bonded to CO
groups in the helical configuration.?®?!' If this
shift is indeed due to hydrogen bonding, then the

(20) P. Doty and J. T. Vang, ibid., 78, 498 (1956).

(21) P. Doty, I. H. Bradbury and A, M. Holtzer, ibéd., 78, 947
(1958).
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Fig. 2.—Near infrared spectra of PBG in DCE and of
ribonuclease in D;O. The light path was 10 cm. in A, 1 cm.
in B and C, and 2 cm. in D. In D, RNase-all D in D,O is
the reference for the measurement of RNase-Hg in D20.
Experiment 2 of Table 1 gave curve A, experiment § gave
curves B and C, and experiment 5 gave curve D.

wave length 1.54 u should be close to half that for
the fundamental absorption of hydrogen-bonded
NH groups. In support of this it may be noted
that a value of 3.05 u has been reported for a great
variety of proteins??; this value is close to twice that
found here for the overtone in PBG.

Spectral shifts, 7.e. changes in the wave length at
which the absorption has its maximum, vary with
the nature of the acceptor and donor group forming
the hydrogen bond. Absorption due to other
hydrogen-bonded groups can, therefore, be expected
at a large number of wave lengths, and we have not
attempted to determine these from model com-
pounds other than PBG.

Ribonuclease.—If ribonuclease were placed in
H.0, we would expect to observe free OH and NH
frequencies at 1.40 p and 1.50 g and hydrogen-
bonded OH and NH frequencies at somewhat higher
wave lengths. However, H,O itself has a strong
absorption band at 1.45 u, thus making observation
difficult. If, on the other hand, D-O is used as the
solvent, the solvent absorption becomes large
only at wave lengths above 1.8 u. Thus, it is pos-
sible to detect OH and NH groups which do #ot
exchange their hydrogens in D;O. The samples
RNase-Hy, and RNase-all D are, therefore, suitable
for this type of experiment.

The spectra of RNase-Hy in DO and of RNase-
all D in D,O (solutions of experiment No. 6 of
Table I) are shown in Fig. 2B and 2C. There is a
general absorption at all wave lengths in this region

(22) M. Beer, G. B. B. M, Sutherland, K. N, Tanuner, and D. L,
Wood, Proc. Royal Soc, (London), A249, 147 (1959).
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and the peaks are diffuse. This diffuseness arises
because there are numerous groups in the ribonu-
clease molecule, each with its own fundamental
frequency; therefore, there is a still greater variety
of overtones and combinatory frequencies. In
fact, this same problem arises in the interpretation
of infrared measurements on proteins??* in the
longer wave length region (> 3 u).

In order to study the absorption of a single kind
of group, it is necessary to eliminate the effects of
absorption by the other groups. This can be ac-
complished by measuring a difference spectrum;
i.e. the spectrum of RNase-Hy in D20 can be meas-
ured with respect to that of RNase-all D in D0,
the protein concentration being the same in both
solutions. The 20 hydrogens in RNase-Hg should
then appear as the only absorbing groups whereas
the corresponding 20 deuteriums of RNase-all D
will be masked by the OD absorption of the sol-
vent.2s The result of this experiment is shown in
Fig. 2D, the solutions being those of experiment No.
5 of Table I. The only peak which occurs is a
double line with maximum intensity at 1.54 u, the
shape being practically the same as that of the NH
band in PBG (Fig. 2A). The close similarly be-
tween the spectra of Figs. 2A and 2D supports the
interpretation® that the 20 hydrogens of RNase-
Hg, are parts of amide groups and, furthermore,
are hydrogen-bonded to the oxygen atoms of cat-
bonyl groups. It is presumed that these NH. . .OC
bonds are involved in a helix. In other words,
these 20 hydrogens are probably part of the back-
bone hydrogen system. This is reasonable since a
cooperative set of hydrogen bonds, as exists in a
helix, would be much stronger (accounting for their
inability to exchange their hydrogens for deute-
rium) than the individual hydrogen bonds which
one would encounter here and there among the
side-chain groups.2

Further support for this interpretation may be
obtained by comparing the extinction coefficients
¢ measured for the three compounds: aniline, PBG
and ribonuclease. The values of ¢ were obtained
by dividing the measured optical density at the
maximum by the concentration, the latter being the
number of moles of hydrogen atoms (in one liter)
which contribute to the absorption. For ribonu-
clease the concentration was taken as 20 times the
molar concentration of the protein. For PBG the
concentration was taken as that of the monomer
unit; this ignores the effects of the chain ends but
this error is negligible since the degree of polymeri-
zation was very large (about 700). The results are
shown in Table I. The baseline (D = 0) for the
optical density data was taken as the horizontal por-
tion of the recording on the lower wave length side
of the absorption band in order to compensate for
instrumental artifacts at high optical density which
appear as absorption by ribonuclease and D;O in
the difference spectra and by DCE in the spectrum

(23) In principle, the absorption at the overtones and the absorption
at the frequencies which are produced by combining those of the 20
hydrogens with those of the rest of the molecule will be present. How-
ever, in practice, the intensities of the combinatory frequencies are so
small that only the overtones are measured.®

(24) M. Laskowski, Jr., and H. A. Scheraga, TuHIS JoURNAL, 76,
6305 (1954).
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TasLe I
CHARACTERIZATION OF" THE NEAR INFRARED SPECTRA DUE TO THE FIRST OVERTONE OF THE NH-STRETCHING MODE
I;:n):)’.)g‘ Compound Solvent (ctlin.) M n (g./inl.) Dd (cm.’;mole) )'&3‘
1 Aniline CClL 1 93 2 0.0102 0.13 590 1.50
2 PBG DCE 10 219 1 .0135 .061 99 1.54
3 PBG® CHC}, 10 219 1 .0040 .020 109 1.54
4 RNase-Hy (lot 647-213) DO 1 18,683° 20 .13 .014 74 1.54
5 RNase-Hy (lot 647-218) DO 2 13,683° 20 .309 .107 118 1.54
6 RNase-Hy (lot 381-059) D,0 1 13,683° 20 .194 .025 88 1.54

¢ d = length of light path; M = molecular weight; # = number of absorbing hydrogen atoms per group of yveig_ht M;
¢ = concentration; D = optical density measured at Amax, the wave length where the maximum occurs; e = extinction co-

efficient defined by the equation ¢ = DM /ncd.

of PBG. For this reason it is difficult to evaluate
the experimental error in the values of e reported in
Table I. If it were of the order of 109, then the
e-values of PBG and RNase-Hy would be the same
within the experimental error.

Discussion

From the results reported here it appears that
the ‘“hard core” involving 20 hydrogen atoms in
RNase-Hgy has a near infrared absorption spectrum
which is of the same form, and very nearly the same
intensity (within experimental error), as that of the
NH groups in PBG.2¢ The value of Amax 15 1.54 £
in both cases. This is greater than the value of
Amax for aniline (1.50 w), and this increase is in
agreement with the observation that hydrogen-
bonded NH groups in proteins absorb at 3.05 u,22
whereas the non-hydrogen-bonded NH peak of
aniline occurs at 2.93 u.!® Therefore, the first
overtones should, in first approximation, occur at
halfthese wave lengths, i.e. at 1.53 u for ribonuclease
and PBG and at 1.47 u for aniline. The slight dis-
crepancies between these calculated values and
our observed values are due to anharmonicity.$

Inspection of Table I reveals that the extinction
coefficients per contributing hydrogen atom of the
hydrogen-bonded NH group in PBG or ribonuclease
are very much smaller than that of the free NH
group of aniline. This phenomenon arises from
two effects. In the first place, the integrated ab-
sorption, obtained by integrating e as a function of
frequency over the entire absorption band, is lower
when the group is hydrogen-bonded than when it
is not.”® In the second place, hydrogen-bonded
bands have a greater width than non-hydrogen-
bonded ones.?® From a comparison of the spectra
of Fig. 1B with Figs. 2A and 2D, it can be seen
that the aniline band is much narrower than those
for PBG and ribonuclease. The areas under the
peaks corresponding to those of Fig. 1B and Fig. 2A
were determined by graphical integration on a scale
of evs. \.? The area under the peak corresponding

(25) C. H. W. Hirs, S. Moore and W. H, Stein, J. Biol. Chem., 219,
823 (1956).

(26) The solvents used for PBG and RNase are different; neverthe-
less, the extinction coefficients are similar. This is a reasonable re-
sult since the absorbing groups are probably not accessible to the sol-
vent, In support of this we cite these observations: (1) there are 20
hydrogens in ribonuclease which do not exchange in D:O below the
transition temperatured; (2) the backbone hydrogens of PBG ex-
change extremely slowly with a deuterated solvent as long as the mole-
cules are in a helical form.%”

(27) A. Elliott and W, E. Hanby, Nalure, 183, 654 (1958).
(28) R. Mecke, Discussions Faraday Soc., 9, 161 (1950).

? Experiments 1, 2, 8 are direct spectra, and 4, 5, 6 are difference spectra.
¢ This measurement was made with the Beckman DK, all others with the Cary spectrophotometer.
for PBG and RNase-Hy,;, experiments 2 and 5, having the highest D-values, are the most accurate.

¢ In comparing data
¢ Value from ref. 25.

to Fig. 1B was approximately 2.5 times as large
as that corresponding to Fig, 2A. This means that
the integrated absorption is about 2.5 times as
large for the free NH group as it is for the hydrogen-
bonded NH group, a result which is comparable to
the lowering (on hydrogen-bond formation) which
Mecke found for a series of other cases.®® This
provides additional evidence that the NH group is
free in aniline and hydrogen-bonded in PBG and
RNase-Hgy in our experiments.

The low value of ¢ for the hydrogen-bonded NH
group sets limitations to the way in which near in-
frared spectroscopy can be applied to the study of
protein structure. In order to obtain reliable re-
sults it is essential that there be a relatively large
number of NH groups per unit weight of protein.
The 20 groups of ribonuclease are probably the
lower limit at which such measurements can yield
useful information. Even at that, high concentra-
tions (319%,) and a long path length (2 cm.) were
required to obtain an optical density as high as 0.1.

These experiments on ribonuclease were comple-
mentary to a kinetic study of deuterium-hydrogen
exchange carried out previously.® It should also
be feasible to use the near infrared technique to
study the kinetics of deuterium-hydrogen exchange,
1.e. of the reaction

NH + D:0 > ND 4 HDO

In such a measurement a difference spectrum should
be used, 7.e. the reference solution should contain
the fully deuterated protein in D,O at the same con-
centration. The intensity of the hydrogen-bonded
NH peak decreases and the HDO spectrum appears
with time. The form of the HDO spectrum (not
shown here) was determined with a mixture of H,O
and D,0, containing a trace of H,O (6 mg. HsO per
ml.), measured against pure D,O. On the basis of
this spectrum, and those reported here, it is possible
to detect both the NH and HDO peaks to follow the
exchange reaction. Measurements of this kind
should make it possible to distinguish hydrogens
bound to nitrogen from those bound to oxygen or
sulfur, and should be a useful adjunct to the method
of Linderstrgm-Lang,® which detects the total
number of exchangeable hydrogens.

The kinetics of the conversion of RNase-Hg to

(29) The integration was carried out on a wave length instead of
a frequency scale. This is justified since the variation in wave length
over a band, or between two bands, is very small, and high precision {8
not required,

(30) K. Linderstrgm-Lang, *“Symposium on Peptide Chemistry,”
Special Publications of the Chemical Society (London), No. 2, 1
(1955).
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RNase-all D at 49° have been determined by the
technique described above, and will be reported in
the near future.
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[CONTRIBUTION FROM THE DEPARTMENT OF BIrocHeMISTRY, CORNELL UNIVERSITY, ITHACA, NEW YORK]
The o-Chymotrypsin Catalyzed Hydrolysis of p-Nitrophenyl Acetate!*

By MaRr1o A. MARINI'® AND GEORGE P. HEss
RECEIVED AUGUST 28, 1959

By the criteria of kinetic, chemical and spectroscopic studies of the a-chymotrypsin catalyzed hydrolysis of p-nitrophenyl
acetate, there appears to be at least two stable monoacetyl-e-chymotrypsin intermediates, AC-A and AC-I, in the catalytic

reaction.

AC-I is kinetically identical to the normal acyl intermediate at pH >8.2. At pH 5.0, AC-I can rearrange to give

AC-A which is identical to the monoacetyl-a-chymotrypsin isolated by Balls and Wood but kinetically, chemically and

spectroscopically different from AC-I.

Experiments on the chemical reactivity of AC-A suggest that it is homogenous.

On the assumption that the alipliatic livdroxyl group of serine and the imidazoyl group of a histidine residue participates in
the catalytic reaction, a structure for the active site of AC-A is proposed which would account for all tlie data presented here.

The kinetics of the a-chymotrypsin catalyzed
hydrolysis of p-nitrophenyl acetate has been inter-
preted by Gutfreund and Sturtevant in terms of
three catalytic steps.? After the formation of an
enzyme-substrate complex, a monoacyl enzyme
capable of isolation?® is formed, follwed by the de-
composition or hydrolysis of this complex. The
hydrolysis of specific substrates for a-chymotryp-
sin probably involves the same three step mecha-
nism as the hydrolysis of p-nitrophenyl acetate.*5

Many investigators have sought the nature of the
group or groups involved in the catalytic reaction.
Both an aliphatic hydroxyl group of serine® and
an unprotonated imidazoyl group of a histidine’
residue have been implicated. The evidence that
serine is present®® in a single active site!® is fairly
clear. The evidence for histidine is largely indi-
rect!®!?2 and of a more controversial nature.!®!

(1) (a) This work was aided by grants from the United States Public
Health Service and the National Science Foundation.(b) Post-doctoral
Fellow, National Heart Institute, United States Public Health Service.

(2) H. Gutfreund and J. M. Sturtevant, Proc. Natl. Acad. Sci. U7, S.,
42, 719 (1936); Biochem. J., 63, 656 (1936).

(3) A. K. Balls and H. N. Wood, J. Biol. Chem., 219, 245 (1956).

(4) T. Spencer and J. M. Sturtevant, TH1S Jour~al, 81, 1874
(1959).

(5) H. Gutfreund and B. R. Hammond, Biockem. J., 13, 526 (1959).

(6) N. K. Schaffer, 8. C. May, Jr., and W. H, Summerson, J. Biol.
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