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intensity of 8 and v bands. Sodium silicate and
lauryl sulfate micelles compete for dye ions with the
organic detergent having the greater tendency to
interact with pinacyanol chloride.
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The results indicate that salts affect the ab-
sorption spectra of the dye directly as well as by
influencing aggregation.
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Interatomic Distances and Bond Angles in the Polypeptide Chain of Proteins'?

By RoBERT B. COREY AND JERRY DONOHUE

In many problems of protein structure, it has
long been necessary to assume probable distances
between the atoms which make up a polypeptide
chain. The magnitude assigned to these inter-
atomic bonds and to the angles which are associ-
ated with them, have undergone progressive re-
visions corresponding to advancing knowledge of
the structures of molecules in general. Recent
X-ray determinations of the structures of amino
acids, peptides, and related compounds now
provide direct experimental data regarding the
dimensions of the peptide linkage and other
atomic groupings characteristic of protein mole-
cules.

Some time ago, data from the structures of
diketopiperazine® and glycine* were used to derive
probable dimensions of the polypeptide chain,’
and more recently the data obtained from an
X-ray examination of DL-alanine® were incor-
porated in a similar discussion.” No data from a
linear peptide were then available, so that bond
angles were still in doubt by as much as 5°, and
some of the distances required the support of
additional data before they could be accepted with
complete confidence. In particular, no explana-
tion could be advanced for the short a«C-N
distance (about 1.43 A.) found in alanine (about
1.40 A. in the less precisely determined glycine
structure). Further X-ray studies have recently
provided satisfactory answers to these questions.
They include determinations of the crystal struc-
tures of L-threonine® and N-acetylglycine® and a
revision of the parameters of pL-alanine,! in all
of which the refinement of atomic positions was
carried out by means of three-dimensional Fourier
syntheses involving the simultaneous use of all
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intensity data. Also a complete structure deter-
mination for crystals of g-glycylglycine!! now
supplies the first direct structural data for a linear
peptide.

Practical methods for the rapid calculation of
three-dimensional Fourier summations have been
devised only within the last few years. The
power of this technique is well illustrated by the
case of pL-alanine, for which two-dimensional
Fourier projections were inadequate to satis-
factorily resolve any atom of the structure whereas
a three-dimensional Fourier plot calculated from
the data originally published completely resolved
all C, N and O atoms.®

Interatomic distances and bond angles found
in these recent structure determinations are com-
pared in Table I. Figure 1 represents the prob-
able dimensions of the fully-extended polypeptide

TABLE 1

A ComparisoN oF CERTAIN DIMENSIONS FOUND IN SOME
CRYSTALS OF AMINO AcIDS AND PEPTIDES

L-Threo- DL- Aclgt-yl- Gl)‘?;yl-
nined Alanine!® glycine? glycine!!
A. Interatomic Distances, A.
Carboxyl C-O 1.24 1.21 1.19 1.21
1.25 1.27 1.31 1.27
Carboxyl C-aC 1.52 1.54 1.51 1.53
aC-N 1.49 1.50 1.45 1.48
aC-8C 1.54 1.51
gC-C 1.50
N-Carbonyl C’ AN R 1.32 1.29
Carbonyl C'-0’ e RN 1.24 1.23
Carbonyl C'-aC’ 1.50 1.53
aC/-N’ 1.51
B. Bond Angles
Carboxyl O-C-O 127° 125° 124° 124.5°
Carboxyl O-C-aC 117 121 124 123

116 113 112 112
Carboxyl C-aC-N 110 108 110 110.5
Carboxyl C-aC-gC 113 111

N-aC-8C 108 110 C e
aC-N-Carbonyl C’ - ... 120 122
N-Carbonyl C'-0’ e o121 125
N-Carbonyl C'-aC’ Cee AN 118 121
aC’-Carbonyl C'-O’ .... 121 121
Carbonyl C'-aC’-N’ .... RN .... 110

(11) E. W, Hughes and W. J. Moore, ibid., T1, 2618 (1949).
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Fig. 1.—Dimensions of the fully-extended polypeptide
chain as derived from recent crystal structure data.

chain of proteins as derived from the data listed
in the table. With the exception of the revised
aC-N distance (1.47 A.), these distances and

HaroLD HarT

Vol. 72

bond angles differ little from those previously
assigned,®’ but the probability that they are
essentially correct is greatly increased. The
bonds around the nitrogen atom form angles
which are close to 120°. The N-C bond which
is involved in resonance is about 1.32 A. in length.
In the choice of bond angles around the carbonyl
carbon atom, values intermediate between those
found in N-acetylglycine and @B-glycylglycine
were taken, with slight weighting in favor of the
N-acetylglycine structure which was based upon
complete intensity data and on three-dimensional
Fourier refinement of atomic parameters. The
C—C distance 1.53 A. is intended to reflect the
fact that in amino acids and some other recently
determined structures the C—C bond has been
reported as slightly, but probably significantly,
less than the classical 1.54 A. " Although the
dimensions of the polypeptide chain in proteins
probably depart little from those here indicated,
more direct evidence based on precise determina-
tions of atomic positions in crystals of higher
linear peptides is greatly desired.
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Summary

Data from recent crystal structure studies of
amino acids and peptides are used to derive
values for the bond lengths and bond angles of
the polypeptide chain of proteins.
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The Exchange Reaction between Anhydrous Deuterium Chloride and Phenol!

By HaroLD HART

Deuterium-hydrogen exchange has been used
as a diagnostic tool in the study of the lability of
hydrogen atoms in organic compounds since heavy
water first became available. In the case of
aromatic compounds, this exchange has been
shown to follow the common orientation rules of
electrophilic substitution.?

It is well known that the aromatic ring of
phenols is particularly susceptible to such. sub-
stitution. Thus, it is possible to alkylate phenol
in certain cases without the use of any of the
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common Friedel-Crafts catalysts.»* In spite
of this fact, exchange studies with phenol and
anisole with heavy water in the presence of
aqueous hydrochloric acid or aqueous alkali have
shown the reaction to be slow, even at 100°.5¢738
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