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HE general problem of representation of the
structural data from X-ray  analysis of
protein  crystals  has recently been considered
in this laboratory and some mnew methods have
been proposed-2, Broadly two types of repre-
sentations have been proposed, namely, one-para-
meter and two-parameter representations which are
aimed at extracting certain specific types of informa-
tion about the chain folding. The basis of the new
parameters itself is on the consideration of a set of
four consecutive C* atoms, C%;_;, C;®, C%:..;, C%..» and
defining angles involving the virtual bonds connecting
the consecutive C* atoms (such as the virtual bond-
angle C“i_l—CA‘,iau——C“Hl =& and the virtual-bond
dehedral angle 6 around the virtual bond C;*—C¢%,,)
and also defining a Jocal helical axis of the segment
C%1—C;*—C%;,;—C%., 5. It has been demonstrated
that the use of these new parameters in different
types of one-parameter representations (8 and 8-chain
plots) and two-parameter representations such as
n:; Plot, as well the two-dimensional representation
- such as stereographic projection lead to useful infor-
mation on chain folding characteristics. It may be
noted that in contrast to the above, the conventiona]
two-parameter representation, namely, the (¢, ¢) dia-
gram® deals with torsion angles around real bonds,
namely N—C%* and C%*—C of a pair of peptide
planes linked at a given C* atom. The basis of the
(4, ¥) representation is the simpie fact that the peptide
units are planar®* and amny two successive planes take
their relative orientation by virtue of the freedom of
rotation along the single bonds involving the linking
C* atom. It would appear that the physical reality
that the peptide unit, for all practical purposes, is
planar and rigid could be exploited * further to devise
parameters which would lead to mere such represen-
tatiens. Thus, one may define vectors which are
normal to these .planes and use these for the purposes
of representations. The object of this communication
is to point out that these vectors appropriately defined
enable us to carry out many of the types of analyses
discussed earlier. For instance the chain plots can
be obtained using »; which is the angle between suc-
cessive plane normals, say, n;_; and m,**. So also a

* In actual cases the peptide units are slightly
non-planar [see, for example, references (4) and (5)].

** Sasisekharan® has considered the angle between
two peptide planes in -a different context but has taken
ouly the acute angle. It may be noted that, in prin-
ciple, since we are dealing with the angle between two
planes a full range of —180° to -+180° can be
realised . which preserves the sense of folding similar
to the angle parameter 8 considered earlier’:2.
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two-parameter representation, namely, v;; similar to
mi; is possible. Lastly the direction 7; can be used
for a stereographic projection.

Chain-folding  Characterisation Using Peptide-plane
Normals :

Consider the polypeptide chain as in Fig. 1. For
all practical purposes it is assumed that all the back-
bone atom C;%, C;, O;, Nyiy, Hyy lie in a plane, whose
unit normal is denoted by »;. It is readily obtained

- ->
by taking the cross-product of the vectors Ci%-C;

-)
and C;—N; (Fig. 1) and normalising the resultant

FiG. 1. Schematic diagram of a _beptide chain
showing vectors used for the characterisation of chain
folding (see text for details).

vector, The dot product of two such unit vector
n;; and n; leads to the angle between the pair of
peptide planes. Following our earlier convencions?
this may be denoted by v;. It is interesting to note
that this angle, being the angle between two planes,
can be considered as a dehedral angle and hence in
principle it should be possible to have the full range
of — 180° to -+-180°. This is readily visualised by
the fact that for any relative ‘orientation of the two
planes one can imagine -an axis (which is actually
along the direction of the line of intersection of the
two planes) about which the two planes may be assumed
to be rotated by the torsion angle. We may thus pro-
ceed to assign a sign to the angle » by a suitable method
as is done normally for torsion angles. Thus let
Ry, X n; =r;, so that r; may be seen to lie along
the line of intersection of the two planes. The vectors

s; defined by C“i_l—C“,:l may be taken as a reference
direction. Thus for assigning a sign we may stipulate
a rule based on comparison of the vector r; and s;.
In the special case of r; and s; being collinear, one may
take v; to be positive if r;/and s; are paralle] and negative
if they are antiparallel. However since r; and s; need
not always be collinear, one may find the angle between
the vector r; and s; by taking dot product sy—s; = u; .

i




398

The sign for »; is chosen positive or negative depending
on the angle u; being acute or obtuse, respectively.
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FIG. 2

FiG. 2. Equi v;-contours (see text for definition)

in the (¢, ) plane.

Physically it may be seen that the abcve method of
assigning the sign is equivalent to projecting the point
C%;_1 and C%;, on to theline of intersection of the two
planes as given by the vector »;, and comparing the

—
projected vector of C%_,—C%;; with r;. While
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it might be possible to adopt for the above comparison

any vector other than C"‘i_l—C”,-,.:, we hayge chosen
this here, since, as far as backbone atoms are cor.-
cerned C* atoms act as convenient reference points
and also the progress of the chain is readily
reckoned by tracing their path.

Figure 2 gives the equi-v contours in the (¢, ¥) plane.
The °centrosymmetric’ pattern of the contours is
also readily understood. For example, the conforma-
tion ¢ = — 120°, = — 60° and ¢ = +120°, = + 60°
have v values of —60° and -+ 60° respectively.

A more detailed application of these ideas along
the lines of our earlier analysis, including statisticaa.
distribution of the angle »; is in progress and will be
reported in due course.
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