
Preparation of Crystals:
Manual Setup
A 0.1M sodium acetate buffer of pH 4.8 was prepared.
A 10% (w/v) NaCl solution, which served as the
precipitant, and Lysozyme solutions were then
prepared. Hanging drop vapor-diffusion crystallization
was conducted on VDX plates to yield crystals.
Robot Setup
A 96 well block was filled with 10% (w/v) NaCl. With
previously made protein solution, an ARI crystal gryphon
robot was used to set up an Intelli-Plate 96-2 low profile and
yield far greater crystals.
Halide Soak:
Several crystals were separately soaked in a halide solution for five minutes– one
in NaBr and the other in NaI. Then, they were each back-soaked in 30% glycerol
solution in order to remove nonbinding halide ions.
Diffraction:
The crystals were removed using a cryoloop and flash
cooled in a stream of gaseous nitrogen at 100.00K before
being mounted on the goniometer. Data was collected for a
day and the diffraction patterns were analyzed for the
electron density.
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Finding protein structure is integral to
many fields of science, such as biology,
healthcare, and chemistry. To find the
structure, X-Ray Crystallography is used
along with a highly ordered macroscopic
structure such as a crystal. However, a
major problem that affects the process of
solving protein structure is the phase
problem, the lack of information as the X-
ray enters the crystal. In order to solve
for the structure of a protein, one must
first solve the phase problem. In this
experiment we attempted to solve the
phase problem in Lysozyme through the
use of halide soaks to find where the
halide ions bind to the protein, which
provides the diffraction pattern with a
unique characteristic and upon data
refinement hints to a solution of the
phase problem.

Lysozyme is an enzyme found in the egg
whites of gallus gallus cells, commonly
known as chicken cells. It serves primarily
in immuno-response to degrade the cell
membrane of harmful invading bacteria.
Lysozymes are an affordable yet ideal
protein for crystallization due to the ease
at which they form crystals.
X-ray crystallography is the method in
which diffraction data is collected on an
atomic level in order to determine
structure. This information, upon
analysis, demonstrates
the relative electron
densities of a crystal.
Through data
processing, the
structure of the protein
can be solved.
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Crystal a b c α β γ Bonded
Native 78.54 78.54 37.77 90.00 90.00 90.00 N/A

NaI 78.695 78.695 37.163 90.000 90.000 90.000 Yes

NaBr 78.158 78.158 36.976 90.000 90.000 90.000 Yes

The images above show bromide ions bonded to specific regions on the lysozyme protein.  In the image to the far left, the ion is bound to a Tyrosine amino acid.  In the image to the right of that, the ion is bound to a Serine amino acid.  
The next bromide, in the third image, is bound to a Histidine amino acid.  Finally in the image on the far right, the ion is bound to a Phenylalanine.  There are many more binding locations not pictured above. 
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The crystal on the left is ideal and resulted in a very good diffraction pattern.  Although the right crystal is also well-formed, it contains 
a satellite crystal which disrupted the diffraction pattern.  The crystals formed the space group P43 21 2 (space group #96).  This space 
group makes a tetrahedral structure (as shown in the central image) in which edge a=b and all angles are 90 degrees as shown in the table.

Both the sodium iodide and sodium
bromide soaks were successful as the
ions bonded to regions on the lysozyme
protein as expected based on previous
scientific literature. This bonding was
demonstrated by the electron density of
our diffraction patterns using 1.8 Å
resolution to minimize error. If provided
more time we would be able to utilize
this processed electron density to solve
the phase problem and create an
accurate structural representation of the
protein through the use of mathematical
calculations. After the halide soaks, we
attempted soaks in mercury chloride and
mercury bromide, however, bonding was
unsuccessful in these cases. This could
have been caused by the concentration
of the solution that our crystals were
soaked in. However, overall, our
experimentation was successful and
confirms the use of halide soaks to solve
the phase problem.
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