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‘When Cytochome C protein forms a gel by adding
excessive amount of salt, its SANS results show a
surprising extra peak (cluster peak) at a Q value much
smaller than that of the protein-protein correlation peak
(monomer peak) indicating the formation of clusters in
protein gel. (Q is the scattering wave vector.)

Computer simulation demonstrates that the competition
of a short-range attraction and a relatively long-range
repulsion is responsible for the formation of colloidal
clusters which can led to the gelation of a system.

Interestingly, even in lysozyme solution, the inter-
particle structure factor also shows an extra peak (cluster
peak) at small Q value. The appearance of this peak is
interpreted due to the formation of equilibrium clusters
in a solution. Some interesting features of the clusters
have been claimed:

« The position of the cluster peak, Q,, is independent of
concentration, i.e., the number density of clusters
remains constant at different concentrations.

* The aggregation number for each cluster is small.

+ The clusters are long-lived.

By combining SANS and SAXS study, the experiments
by Shukla et al. have had different conclusions for
lysozyme protein clusters in solution at the same
experiment conditions.

+ Q. is dependent on concentration.

* There are NO equilibrium clusters. The system consists

of “largely repulsive individual lysozyme molecules”.

Two Yukawa Model: One Yukawa term is used to
simulate the short-range attraction and another one is
used to simulate the long-range repulsion.

The inter-particle structure
factor of a system interacting
with a two-Yukawa potential
is calculated by solving OZ
equation using different
closures. When the strength
of the short-range attraction is
small, both MSA and HNC
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The cluster peak position is independent of
volume fraction in a wide range of volume
fraction if the potential parameter is kept as
constant. (K;=10,2,-10,K, 5) The
invariance of the peak position is not a
necessary condition for the formation of
clusters. The appearance of this peak is not a
sufficient condition of protein cluster formation
cither.
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The fitting of the SANS curve of 20 % lysozyme
solution at room temperature using two-Yukawa
model shows a very good agreement. The short-
range attraction strength is about 4 k, T when the
HNC closure is used.
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SANS experiments were performed at NCNR
and ILL. When decreasing temperature, the

cluster peak shifts slightly to the smaller Q
value. (Samples were prepared by dissolving the
lysozyme proteins in 20 mM HEPES buffer. )
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