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COUNTER DIFFUSION
HIGH QUALITY DIFFRACTION DATA IS A PREREQUISITE TO DETERMINE
PHASES OF SUFFICIENT QUALITY AND TO OBTAIN A STRUCTURE
FROM A CRYSTALLIZED MACROMOLECULE

A
n alternative is offered by the method of counter diffusion, in
which the crystallization is performed in long capillaries, using
highly concentrated precipitating solutions to provoke
successive nucleation events approaching equilibrium (5-7). The

method of counter diffusion, especially in restricted geometry, allows
protein crystallization under nonconvective conditions and therefore
mimics microgravity experiments. During the equilibration of the protein
and precipitating solution a supersaturated spatiotemporal gradient
along the capillary is formed. This creates a continuous nucleation front,
which travels along the protein solution and allows crystallization at a
favourable concentration at any position in the capillary. This unique
nature of the counter diffusion method has the advantage of a much
broader screening of variables in one single experiment (Figure 1). 

The most common method to obtain diffraction data
is to take crystals grown by vapour diffusion and
manually manipulate them during the steps of cryo
protection, plunge cooling and mounting for data
collection (1-4). The manual manipulation steps can
be inappropriate for fragile and difficult to handle
crystals and might even prevent the acquisition of
useable diffraction data.

Dr Mareike Kurz

Figure 1. shows the solubility diagram for counter diffusion crystallization. During crystallization, the protein
solution is driven to the supersaturated region by reducing the solubility of the macromolecule from the
solvent (top). The nucleation moves into the labile region, which reduces the solubility of the protein solution
until the metastable region is reached. In a counter diffusion experiment (bottom), the protein and precipitant
solutions are placed in front of each other inside a capillary. The two solutions diffuse against each other,
forming a spatial–temporal gradient of supersaturation and a continuous nucleation front that travels along
the capillary. Figure adapted from (7).Dr Mareike Kurz and Dr Beat Blattmann, University of Zurich, Switzerland.
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Additionally, the counter diffusion process can be used to screen for
optimal conditions for protein crystal growth, to incorporate strong
anomalous scattering atoms as well as to add cryogenic solutions in a
single capillary tube. Moreover, problems related to harvesting crystals
and difficulties in transportation are eliminated. 

Over the last decades several tools and devices combining counter
diffusion crystallization in capillaries with in-situ diffraction analysis and
post-crystallization treatments have been developed and implemented in
structural genomic pipelines. Counter diffusion based crystallization tools
include microofluidic devices (8-13), microcapillary-based microbatch
plastic tubings (14, 15) as well as glass capillaries (5-7, 16, 17). Furthermore,
counter diffusion based crystallization devices that couple visualization
and automation for in-situ X-ray diffraction analyses to address high
throughput screening have been developed. Worth mentioning are the
COC based microchannel crystallization plates, which can be assembled
to fit in SBS-format frames (18).

However, most methods and tools available to date (for a review see (19))
are not practical, need large amounts of protein and are far from being
useful for today's state-of-the-art nanolitre scale high throughput
crystallization facilities. The newest capillary counter diffusion based
crystallization device commercially available is the CrystalHarp™ (Figure
2). In comparison to all other devices, the CrystalHarp™ (i) allows counter
diffusion crystallization in 48 individual experiments (ii) consumes only
500 nl protein solution for one individual capillary experiment, (iii) can
easily be loaded with protein solution and offers simultaneously screening
for new and optimal growth conditions, incorporation of anomalous
scatterers and addition of cryogenic solutions in a single capillary, (iv)
allows addition of precipitating buffer using standard dispensing robots
and (v) due to its SBS format can be imaged with standard imaging
systems used for sitting drop vapor diffusion experiments. The
CrystalHarp™ allows in-situ X-ray diffraction analysis of a crystal by any
conventional X-ray source. Otherwise, an individual capillary can be
removed from the crystallization plate and the crystal can be analyzed
360° in situ by X-ray diffraction.

An additional advantage of capillary counter diffusion crystallization is
the possibility to perform high pressure freezing, hence omitting the
tedious procedure to search for a cryo protectant to avoid hexagonal ice
formation. Rapid freezing of aqueous specimens at a pressure of 210 MPa
(high pressure freezing) reduces or prevents the formation of cubic or
hexagonal ice phases and thus avoids ice rings in X-ray diffraction
experiments (20-23).
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Figure 2. shows the CrystalHarp™ plate, designed for 48 counter diffusion crystallization experiments.
The indicated protein loading wells, the 48 individual precipitation wells and the four cutting and sealing
troughs to create the single experiments are indicated. Picture taken from (23).
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