
Introduction
Cataract, the leading cause of blindness worldwide, is the end

result of gradually increasing light scatter from the human ocular
lens.1 Much of the light scattering occurs within the lens cells,
which contain proteins called crystallins, at concentrations up to
500 mg/ml. High-concentration solutions of crystallins can have a
relatively uniform refractive index and scatter little light. Howev-
er, aggregation of crystallins and liquid-liquid phase separation
within the cytoplasm can both result in a nonuniform refractive
index and can thereby increase light scatter in cataract.1 We seek to
understand the driving forces for aggregation and phase separation
in solutions of lens crystallins.

Towards this end, we are studying high-concentration model
mixtures of two key lens proteins, α- and γB-crystallin, using
small-angle x-ray scattering, light scattering, phase boundary
determinations, and Monte Carlo simulation. α-Crystallin (α) is a
multisubunit protein of ~800,000 g/mol, which exhibits repulsive
interactions in solution. γB-Crystallin (γB) is a globular protein of
21,000 g/mol, which exhibits attractive interactions. Solutions of
γB alone show liquid-liquid phase separation below ~0°C. In con-
trast, we find that mixtures of α and γB can show phase separation
well above body temperature. The rise in phase separation tem-
perature is likely driven by the size disparity between α and γB,
which enhances local fluctuations in protein species composition.

Methods and Materials
Calf α and γB crystallins were isolated by chromatography

and concentrated by ultrafiltration in phosphate buffer. X-ray
scattering cross sections, Σ(q) vs. wavevector, q, were measured
for 0.01 < q < 0.7 Å-1, using 8 keV photons, for concentrations
from 2-400 mg/ml, for compositions from all α to all γB, and vs.
temperature.

Results
The Σ(q) for a agrees with previous findings of Tardieu and

Delaye2 and is consistent with largely temperature-independent
packing of approximately spherical particles, modified by repul-
sive interactions. The Σ(q) for γB also is consistent with previous
findings.3 In contrast to α, γB solutions show a dramatic increase

of scattering at low q as the temperature is lowered, consistent
with incipient liquid-liquid phase separation. The low-q γB form
factor agrees quantitatively with that expected from its crystal
structure; the crystal structure of α has not been reported.

Using low-angle Σ(q) from dilute α-γB mixtures, we estimate
the mixed second virial coefficient of α and γB to be about -80
times the volume of γB. This is close to the value expected from
hard-core repulsions of α and γB. High-concentration mixtures
show Σ(q) feaures that we believe give evidence for enhanced
protein composition fluctuations. To test this, we are comparing
Σ(q) with analytic models and Monte Carlo simulations. 

Discussion
We expect that the principal features of α-γB mixtures can be

understood in terms of (i) size disparity between α and γB, lead-
ing to compositional phase separation; (ii) attractive interactions
between γB-crystallins; and (iii) repulsive interactions between α-
crystallins. An quantitative understanding of α-γB mixtures can
be a basis for studying mixtures gradually more representative of
eye lens cytoplasm, i.e., ones that include β-crystallins, cytoskele-
tal and membrane elements, and altered proteins associated with
cataract.
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