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1. Introduction

The study of X-ray diffusion scattering by macro-
molecules in solution was generally restricted to a
region of small scattering angles in which the scatter-
ing indicatrix depends only on the size and shape of
the macromolecule as a whole and not on the details
of its conformational structure. At the same time,
the maxima of intensity in the region of comparatively
large scattering angles, which should contain informa-
tion on the type of the conformational short-range
order in macromolecules, were observed by some
authors both for synthetic polymers [1, 2] and for
globular proteins [3, 4] .

The present paper is devoted to the identification
of the secondary structure of polypeptide chains in
solution by studying X-ray diffusion scattering at
comparatively large angles. Synthetic polypeptides
with an o-helical structure, g-structure and a non-regu-
lar (coil-like) structure in solution were investigated
for this purpose. It is shown that - and B-structures
are characterized by the maxima on the scattering
indicatrix in the region of u = (4n/A)Sin & correspond-
ing to 1.6 and 1.3, while the scattering indicatrix of
the non-regular structure has no maximum in this
region.
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2. Materials and methods

Na-salt of poly-L-glutamic acid (PGA), purchased
from Koch-Light Laboratories, and converted into
the acid form, hydrochloride of poly-L-lysine (PL),
Ferak Company and Na-salt of poly-S-carboxymethyl-
L-cysteine (PCMC), synthesized at the Institute of
Protein Research, were investigated. The experimental
conditions are given in the legends to figures. The
scattering curves were plotted at room temperature
(~v 22°C) except in specially stipulated cases.

The curves of the angle dependence of X-ray scat-
tering intensity were plotted as described in [2] in
the scattering angle regions of 28 = 2—13° atA=0.71
A (X ,Mo). Slit collimation of the source and the
receiver was used. Collimation correction was not
introduced since it is negligible in this scattering
angle region (cf. [2]). To eliminate the difference in
X-ray absorption by a solution and a solvent, two
identical cells were filled one with the solution and
the other with solvent. One of the cells was used as a
sample and the other was placed directly before the
counter and was used as an absorber (cf. [5]). Because
the difference of the scattering intensities by the
solution and the solvent at large angles was only a
few percent, the differential scattering curve was ob-
tained by gathering tens of thousands of counts for
every angle which took up to 2,500 sec. The stability
of the X-ray source was controlled and if necessary
corrected every 400 sec. Thus, although the spread
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Fig. 1. 2% aqueous PGA solution scattering curves: (1) 0.2 M
LiCl, pH 4.65; (2) 0.1 M LiCl, pH 7.0.
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Fig. 2. 3% aqueous PCMC solution scattering curves: (1) 0.06
M NaCl, pH 4.5; (2) 0.06 M NaCl, pH 9.0.

of points on the differential curves sometimes reaches
30%, we succeeded in obtaining quite distinct dif-
ferences between the scattering curves of helical, -
structural and coil-like macromolecules.

3. Results and discussion

Figs. 1-3 show the differential scattering curves
of PGA, PCMC and PL in the coordinates of AlL(28)
where Al is the difference of the scattering intensities

of the solution and the solvent at an angle of 2¢
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Fig. 3. 4% aqueous PL solution scattering curves: (1) 0:22 M
LiCl, pH 10.8, 12-14°C; (2) 0.17 M LiCl, pH 11.5, after
heating for 30 min at 50°C; (3) 0.22 M LiCl, pH 7.0.

(in counts per 400 sec) and & is the number of the
appropriate curve. It is seen from figs. 1 and 2 that
the scattering curves of PGA and PCMC in the un-
charged state (curves 1) have definite maxima cor-
respondingly at 29 = 10.5+0.5° and 8.5+ 0.5°, i.e.
atpu=1.62*0.08 and 1.32 * 0.08. This difference
of the scattering curves reflects the difference of
the secondary structures of these polypeptides in
the uncharged state: the a-helical structure for PGA
{6] and the 8-structure for PCMC [7]. With the
ionization of PGA and PCMC accompanied by their
transition to the coil-like state [6, 7] the maxima
on the scattering curves disappear (see figs. 1 and 2,
curve 2).'

In order to ascertain that the observed differences
in the scattering curves of uncharged PGA and PCMC
are due to the difference of their secondary structure
and not to the difference of the side chains, we also
investigated the indicatrices of PL scattering which
may have an a-, §- and coil-like structure depending
on temperature and pH of the medium. Curves 1
and 2 in fig. 3 show that the non-ionized PL with an
a-helical structure [8] at low temperatures is charac-
terized by a maximum at 28 = 10.5 £ 0.5°, while
after heating PL to 50°C accompanied by a transition
to the 8-structure [8], the maximum shifts to 29 =
8.5+ 0.5°. The maximum on the scattering curve
disappears with the ionization of PL effecting its
transition to the coil-like structure [8].

Thus, the secondary structure of polypeptide
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chains in solution directly manifests itself on the
indicatrices of X-ray diffusion scattering. It will be
shown in a following communication that the cor-
relation established by us between the indicatrix of
scattering and the secondary structure is also valid
for globular proteins.
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