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Stereochemistry of Polypeptide Chain Configurations

Various types of polypeptide chain configurations have been propesed in recent years
for proteins as well as polypeptides, e.g. the well-known a-helix for the k-m-e-f proteins,
the extended g-chain for silk fibroin, and various structures for simple eyclic peptides
having 6 to 10 residues. However, there appears to be no analytical method of writing
down these configurations. In connection with the gtuclies on collagen carried out in
this laboratory (Ramachandran & Sasisekharan, 1961a,b; Ramachandran, Sasizek-
haran & Thathachari, 1962), the authors worked out a convenient notation of this
type and this is briefly described here. Fuller details are being published elsewhere
(Ramachandran, 1962; Sasisekharan, 1962; Ramakrishnan, 1963).

In general, when working out the structure of a long chain polymer, the two
types of data to be known are (a) the configuration of the monomer unit and (b) the
relative orientations of the linked units at each linkage. In the case of polypeptides,

Fro. 1. Stendard eonfiguration of two poptide regidess linked st an c-earbon atem, in which
the planes of both the peptide residues coineide with the plane Nyp—aC—04'. The B-earbon
positian eorresponds to that of residues of t-configuration.

the dimensions of the peptide group itsell’ are very well known, dnd the generally
accepted values are those of Pauling and Corey (PC parameters). In a recent analysis
made by the authors, of a number of amino acid and di- and tripeptide structures
worked out after the publication of the Pauling-Corey coordinates, it was found that
these structures fully confirmed the PC parameters. So algo, the planarity of the atoms
in the group [«C-~C'O—NH—al] is well substantiated, although slight variations of
the arder of 0-1 A are observed in certain structures. Consequently, the planar peptide
(or amide) group with the PC values was used in all the studies reported below,
However, there seems to be a definite probability of the H atoms in the NH group
being out of plane.

When two such peptide groups are linked at an a-carbon ater («C), it is possible fo
have a rotation of the groups around the bonds N-af? and ol— Y. Consequently the
relative configuration of the two groups about the a-carhon atom ean be specified
by two parameters ¢ and $', which are the angles by which they are rotated about the
bonds N—aC and a0’ respectively from a standard configuration. The conventions
we have adopted for the standard configuration (¢ = ¢ = 0°) and for the positive
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sense of rotation for the two angular parameters ¢ and ¢ are indicated in Fig. 1.
When there are a number of peptide groups linked via a-carbon atoms C,, C,, ete., the
confignration of the chain as a whole can be specified by the parameters (¢, ¢;),
(s, H3). ete., ancd the notation is equally valid for a eyclic polypeptide. Mizushima &
Shimanouehi (1961) have proposed a similar notation; however, they allow for a
rotation which distorts the planar peptide group, and therefore require three angles
8,, 8,, 8,. The relations between their notation and that used in the present investi-
gation are as follows: 8, = 180°, 8, = ¢, 8; = -+ 1807,

It is quite elear that all values of ¢ and ¢’ may not be allowed owing to the possible
short contaets between the atoms in the adjacent residues. When these are worked out,
it is found that there are whole regions of forbidden values for ¢ and ¢'. However, the
demareation of these regions depends on the choice of the permitted van der Waals
contact distances. Two such sets, termed ‘normally allowed’ and ‘outer limit’, were
warked out from a detailed analysis of the available structural data on various
organie compounds, ineluding in particular amino acids and peptides (Table 1).

TasrLe 1

Minimum contact distances assumed

Normally Outer

Contact allowed limnit
(A) {Al

G0 320 300
.0 2:80) 270
¢ N et 144 2-80
C..H 2:40 2-20
0..0 2.80 2710
.0N 250 2-60
Q... H 240 2-20
NN 2.7 2-60
N oL 2:40 2-20
B 2:00 90

On the basis of these, the permitted ranges for ¢ and ¢’ shown in Fig. 2 were obtained,
corresponding to an angle of 110° between the bonds Ny—aC; and oC;—C; at the
«-carbon atom. In working these out, all the contacts between the atoms in two
neighbouring peptide groups were taken into account, including the g- carbon atoms.
If the angle at the a-carbon atom is varied, say from 105° to 1157, then the allowed
regions are altered slightly.

The available data on known di- and tripeptide structures and polypeptide chains
were examined to see whether their configurations oceurred within the allowed ranges
of (4, ¢'). Tt was in faet found that they all ocourred within the outer limits but that, in
addition, there was a clustering of the configurations near certain specific types. The
main conelusions were the following.

{a) Invariably, whenever the x-carbon concerned belonged to a glyeyl residue, i.e.
when it had no B-carbon atom of a side-chain attached to it, the configuration was
close to (0°, 180°).

{b) On the other hand, when there was a §-carbon atom, the clustering was close to
(120°, 150°). In fact, the value of ¢"2 150° was invariably found for the carboxyl
group in almost all amino acid structures with a g-carbon atom.
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(¢) The silk structure, though close to the extended chain, is not fully extended.
Tts configuration (40°, 140°) is slightly shifted from the pure glycine configuration
(0°, 180°) owing to the presence of alanine and other residues.

(d) Both the right- and left-handed x-helices lie within the outer limits but cutside
the inner limits. Since ¢2¢ 120° for a right-handed a-helix, a proline gide-chain can be
attached readily to this helix. However, the resulting short contacts between the
side-chain atoms and those of the backbone in the helix Tead to a break in the helix
direction. The hydrogen bondsinvolving the NH groups of the two succeeding residues
are broken, but thereafter the helix can re-form. The angle between the straight helical
portions on either side of a proline residue cannot be less than about 35°. In fact, even
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at 85°, some short contacts ocenr between the backbone atoms of the peptide residue
coritaining the proline ring and its neighbouring residue, which may, however, be
relieved by distorting the residues from their planar configuration.

On the other hand, the angle ¢ is close to 240° for a left-handed «-helix and a proline
cesidue cannot be attached to this helix (in the L-configuration) without very consider-
able distortion of the helix.

From a careful consideration of the short contacts in oy and «, it is found that
right-handed «-helices are more stable than the left-handed ones. The confi guration
of the =-helix algo lies only within the otuter [imits and it also has every NH hydrogen
bonded to a CO as in the a-helix. Hence it is quite likely that the 7-helix too will be
found in some polypeptides. It is inte resting to note that no simple peptide which has
been studied so far by X-ray methods has a confignration near that of the a-helix,
which corresponds to (130°, 310°). Thiz shows that the «-helical configuration is stable
only because of the large number of hydrogdn bonds, and that if these were disrupted
the chain would immediately collapse.
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(e) On the other hand, the configuration of the individual chains in the collagen
helix (near 120°, 150°) is a very natural one. It is therefore understandable why three
such chains can come together and form a triple chain. So also, the configuration
¢ = 120° is demanded for an imino acid residue (because of the N being linked to
«C wia the five-membered ring) and the value ¢ = 150%is a natural one for all amino
acids, as mentioned earlier. The large proportion of imino acid residues, which is
characteristio of collagen, is therefore another factor contributing to the stability of the
collagen triple chain.

(f) The right-handed y-helix lies outside even the outer limits and the two contacts
Cp... Gy and Cy... 0, arve very bad, being as short as 275 and 2:45 A. Thus the

36¢°

s—— a T and tei-peptides {;($:gy}
e e Left handed cehelix (36)
Ei:_}{p Dight handed aheiix (36)
I —— i s (20
§ 2O puckersd choio (2:0)

25 Paig-Cly-Pro-thpea (30}

A Collagen (3%

©F drother possible tripe helix (300
= Rishon striclure {223

{373 ypehelix {3

{Z)m-tdic (48

o b b T

b
SN
®

bd
.
o 180" %0°
ey
Fra. 3. Contours of constant n {(——=—1} and constant Boi— =~ =) corresponding to the

angle N—aC—C’ = 110°. The houndaries of the fully allowed and outer Himit regions are also

shown.

y-helix is unlikely to oceur in polypeptide structures. The left-handed y-helix is
equally bad.

(g) In the so-called ribbon structure (22, helix (Donchue, 1953), see Fig. 2),
although the configuration lies just outside the outer limit, the short contact which
oceursin it, namely Ny ...0y = 1-90 A, is involved in the hydrogen bond Ny—Hg..- Oy
and is therefore not objectionable. Thus it is likely that this structure will be found
in some compounds. Very recent X-ray studies made in Japan (Kakudo, private
communication) indicate that this configuration occurs twice in a tetrapeptide
struecture.

(h) There is another possible triple helix (V of Fig. 2) which is within the outer limit
region. Altheugh this cannot accommodate a pyrrolidine ring, it can form inter-chain
hydrogen bonds similar to the collagen helix. This structure deserves further study.

Analytical formulae have slso been worked out for ealenlating the number of regidues
per turn (n) and the residue height (k) of the helical structure whieh is formed when the
same configuration (¢, ¢') is repeated at every a-carbon atom in a polypeptide chain.
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The data thus obtained for the angle NewaCrd = 110° are shown graphically in
Fig. 3 along with the fully allowed and outer limit regions. From a study of these
curves, it has been possible to show why collagen cannot be stretched by more than a
few per cent, although the residue height of near 3 A is much less than the residue
height of 36 A for a fully extended structure. Complete numerical data of # and &
corresponding to values of 105%, 110° and 115° for this angle N, 20¢ will be published
elsewhere (Ramakrishnan, 1963).

Tt should he mentioned that the above discussions all relate to the natural configura-
tion of L-polypeptides. When p-amino acids are present, the allowed configurations
will correspond to (~ ¢, —¢"), where {$, ¢") refers to the L-amino acid. The application
of these ideas to small eyclic peptides is likely to be rewarding.
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