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HE data in the form of three-dimensional atomic
coordinates that results from an X-ray analysis

of a protein crystal form the basis for extracting
different types of information about the tertiary
structure of a protein molecule. Conventional
method of model building modified suitably as in
the Kendrew models give an overall picture of the
intricate three-dimensional architecture. The com-
plete specification of a molecule by the three-
dimensional Cartesian atomic coordinates may be
replaced in principle by a different set of parameters
such as the conformational angle parameters. Thus
for instance the set of ¢~ angles! at each C-atom
specifies completely the relative positions of the
backbone atoms in the protein chain. Other con-
formational parameters are also needed? to make
the specification of a molecule complete, including
the side chains. The use of the ¢-y parameters
is convenient for the description of the chain fold-
ing and is used widely, in particulat, in the various
approaches to prediction of protein conformations
by theoretical and semi-empirical methods3. The
three-dimensional models are at times felt to be
unwieldy. The ¢—p diagram although is simple and
powerful, is not convenient for certain purposes,
such as when one wishes to find which parts of
the molecule are close to each other and so on.
The so-called distance map+? can yield this informa-
tion and has been found more useful in drawing
certain conclusions on the evolutionary correlationst
in proteins through similarities in their patterns.
Other types of analyses have also been reported for
other purposes such as plotting of the distance
(Ii’ +g)  between Ce atoms separated by three

residues? or the number of C®-atoms withn a
specified distance from a given C* atom®. Recently
we have examined quite generally different types
of such representation of the three-dimensional data
that are possible. This is a short report of some
of the main findings from our investigations.
Broadly the different types of analyses may be
classified into two categories of representation of
the available data, namely, one- and two-parameter
representations.* The ¢~ diagram and the

* In principle one should include the possible
three-parameter representations also. We shall not
consider these since the source itself is such a three-
parameter representation and our aim is at simpli-
fied analysis.

(i—j) distance map may be considered as two
two-parameter representations. The chain-plott of
l; 443 1s typically a one-parameter representation.
A few other possibilities we have tried are as
follows: firstly, we have tried the torsion angle
involving the four atoms C* ., Co, Coy ;nd
C%,., around the virtual bond ce, - Ca.;:denoted
by ¢,, for a chain-plot. - Figure 1 showls'.ax typical
cham-plot of §, for myoglobin. Unlike the lieg™
plot the ¢ values have a wide range, namely, — 1]8l0°
to 4- 180° and in addition they also give information
about the sense of folding of the chains as one
progresses along the chan. Standard conformations
such as the a-helix have characteristic values of #
which can be calculated from the standard dimen-
sions and ¢, ¢ values of a pair of peptide units.
For the o-helix 4 turns out to be 50°. The e-helical

regions are seen to have fairly a constant value
around 50° (Fig. 1).
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Fig. 1. Chain-plot of ¢; for myoglobin. For con-
venience every tenth residue is marked by.

During these investigations we have found it con-
venient to evolve a few new parameters which
enable us to characterise helical segments and their
analysis. Some of the one- and two-parameter
representations to be described below involve these
new parameters,

Thus considering the C% atoms of a chain to lie
on a perfect helix (ie, with C%— Ce%._, lengths
and 8, =C%_, —C% — C?_, angles all equal) a
consecutive group of four atoms, C%_;, C%, C%.;,
C%,, may be considered to form the smallest seg-
ment of the helix. If j, denotes the unit vector along
the direction of the axis for the above segment, one
may consider in general the directions of the axes
of the different helical segments given by h, A7y
etc., and devise parameters for representations. For

+ We use the term chain-plot to denote plotting
of the value of any chosen parameter as a function
of the residue number in the chain.
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instance, the ang'e batween the axess of successive
segments | and | — 1, densted by n. may be used
for a chan-ploi. In regions of perfect helix thes2
values will have a conslant zero vaiue sigmifving
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perfect allgnment of successive segments. A typical
e e le - oy
7; piot for myoglobn s shown n Fig. 2.
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Fic. 2. Chan-pio: of =; for myoglobin. For
convenience very tenth residue is marked by.
With the available axial directions f. fi; one

may also plot the interaxizl angles 7 for two
segments [ and j and s thus a fwo-parameter
represzntation. This is somewhat simiar 1o the
L ; distance map excepting that the parameter used
now is an angle. Figure 3 shows the 7, map for
myoglobin. a-helixal regions are characterised by
trianguiar blocks along the diagonal
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Fic. 3. m;-plot for myoglobm. The wvarious
helical segments A, B, etc., are marked along the
diagonal. Dark, gray and blank regions correspond
respectively 1o 7 ranges of 0° to 60°, 60° 10 120°
and 120° to 180°.

The other repressntation may be described more
appropriately as a two-dimens:onal representation.
Here one makes use of the axial direction p, for
the various segments and plots a stereographic
projection, well known to crystallographers. This
projection has ths advantage that the refative angles

* In an actual case of a protein, a segment of
four atoms C%;_;. C%;, C%,.,, C*;.» need not form a
part of a regular helx. Still a helical axis direc-
tion h; for such a segment can be found as a first
approximation and used for our purposes.
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of directions come out conveniently while the
information about distances in the structure com-
pleiely d:sappear. Thus for instance the relative

aneular orientation of say a-helical segments can
be readily discerned (Fig. 4).
|

Ideally for a

Fic. 4. Stereographic projection for # in
myoglobin  with 4 Z pointing upwards. Helical
regions A, B, etc., are marked near respective seg-
ments,

perfect helix the projection of points corresponding
to successive segments should superpose in projec-
tion but in practice one obtains only a dense
distribution about a point corresponding to the
mean direction. The density of packing of the
po'nts also indicates the relative tightness or perfec-
t'on of the helices (e.g., compare helix E and B
in Fig. 4).

Further investigations are in progress and will
be reported in due course.
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