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Introduction Using light scattering we find that at
Cataract disease, the leading cause afhigh protein concentration, 300mg/ml,
blindness worldwide, is the end result odpproaching those in the ocular lens,
increased scattering of light within the huaqueous mixtures oft and yg-crystallin
man ocular lens[1]. The scattered lighat body temperature have the interesting
emerges from very concentrated (300 tproperty that they scatter less light than
500 mg/ml) agueous mixtures of eye lenwould a linear combination of the com-
proteins, primarily those called the crysponent protein solutions[4]. At the same
tallins, found within the cytoplasm of thetime, however, the phase separation tem-
lens fiber cells. To help in developingperature exceeds that of a linear com-
a quantitative understanding of the lighbination of the consituent solutions, and
scattering and other properties of theds concave down as the relative propor-
mixtures, we are investigating their shorttion of o and yg is varied. Thermo-
range liquid structure, using small-anglelynamic analysis of these data indicates
X-ray scattering. that mixtures ofo andyg-crystallins ex-

We have chosen to begin by studyhibit enhanced thermal fluctuations of rel-

ing a model ternary mixture consisting”‘tive protein composition at constant over-
of buffer, bovine alphad) and bovine all concentration. Such fluctuations scat-

gamma-B yg)-crystallin. Both of these ter Iittle_ light but are neverthele_ss_ assoc_:i-
proteins are well-studied members of th_@ted with greater thermodynamic instabil-
eye lens crystallin family.a crystallin is Y-

a large multisubunit protein of molecular

weight 800kD. While the crystal structureM ethods and M aterials

of a crystallin is not yet available, its light Proteins were isolated from calf lenses us-
and X-ray scattering properties are coring size-exclusion and ion-exchange chro-
sistent with those of a solution of hardnatography, concentrated by ultrafiltra-
spheres, each sphere having a fairly opé¢ion, and analyzed in solutions containing
structure[2]. ys crystallin, on the other 0.1 M sodium phosphate buffer, pH 7.1,
hand, is a relatively small, globular prowith 20mM dithiothreitol. For the X-ray
tein, 21kD in molecular weight. This pro-experiments, samples were mounted in an
tein has strong interprotein attractions anelvacuated, temperature-controlled sample
exhibits binary liquid-liquid phase sepachamber. Measurements were carried out
ration in aqueous solution[3]. A high-at the SAXS station at beamline 8-ID at
resolution crystal structure g crystallin  the Advanced Photon Source (APS). The
is available. X-ray scattering intensity, 1(q), as a func-



tion of wavevector, g, was measured in the
range0:1< g< 3nm 1. I(g) was obtained
for (i) the pure proteins in the concentra-
tion range 10 < ¢ < 340 mg/ml (a) and
10 < ¢ < 380 mg/ml (yg), for (ii) rela
tive protein compositions ranging from all
ye- to al a-crystallin, at fixed total pro-
tein concentrations up to 300 mg/ml, and
(iii) as a function of temperature from 37
C down to temperatures near T, the criti-
cal temperature for phase separation.

Results

The measured I(q) for a-crystallinis con-
sistent with the previous findings of A.
Tardieu, M. Delaye and coworkers2].
These solutions show structure factors pri-
marily consistent with packing of spher-
ical particles. In particular, at high pro-
tein concentrations the measured 1(q) ex-
hibits a pronounced peak at gR near 3.5
for radius R near 8 nm, consistent with
the range 7nm < Ry < 9nm we find for
the hydrodynamic radius Ry of dilute so-
lutions of the present a-crystallin, using
quasielastic light scattering.

Unlike a-crystalin, in the accessible
temperature range yg-crystallin does not
exhibit a relative maximum in 1(qg). It
does, however, show a dramatic increase
of scattered intensity at low-q as the tem-
perature is lowered towards the critica
temperature. These findings are similar
to those previoudly found by Tardieu and
coworkers for mixtures of bovine gamma
crystalling[5]. In contrast, 1(q) for a crys-
tallin depends only weakly upon temper-
ature. These features of the observed
I(g) for yg are qualitatively consistent with
its upper consolute temperature and non-
spherical shape.

Scattering from high concentration a-
Vs mixtures shows features intermediate
between those of a and yg. We are now
in the process of analyzing the mixture
data and the single-protein data quanti-

tatively. The present investigations will
aid the quantitative study of a-a, ys-ys
and a-yg interactions at the very high pro-
tein concentrations such as those found in
the eye lens cytoplasm. Understanding
these interprotein interactions is essential
for the rational development of inhibitors
of cataractogenesig6].
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