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New Developments of the IMPAX Small-Volume Automated Crystallization System
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Abstract

Recent developments of the IMPAX system for
automated crystallization are presented. A five-
channel microtip has been introduced into the system
thereby providing an extra degree of freedom for
carrying out experiments. A new mouse-driven pro-
gram for screening has been introduced, which
creates a much wider scope for designing and execut-
ing screens covering new conditions of crystalliza-
tion. The hardware has been adapted so that the
system can also be used to set up vapour-diffusion
trials. A simple design of a vapour-diffusion vessel,
suitable for sitting drops of 2-15 nl, using smaller
reservoir volumes (up to 100 wl), facilitates large-
scale systematic trials.

Introduction

We have previously described a technique for
conducting rapid crystallization surveys, which
reduces labour and consumes very small quantities of
materials (Chayen, Shaw Stewart, Maeder & Blow,
1990). A microdispenser comprising a bank of
Hamilton syringes driven by stepper motors under
computer control (IMPAX) is used to set up samples
for crystallization. The system can be used to screen
a wide range of arbitrarily chosen conditions and
also to optimize the precise conditions for obtaining
the best crystals.

Crystallization experiments are routinely set up as
microbatch samples dispensed under oil where the
components (macromolecule solution, precipitating
agent, buffer and additives) are mixed in their final
concentrations and dispensed through a multi-bore
microtip into oil-filled wells of tissue-culture plates
under the oil. The oil prevents evaporation and
protects the samples (Chayen, Shaw Stewart & Blow,
1992). Protein crystals of diffraction size and quality
have been grown in 1-2 pl drops (e.g. Wilson,
Chayen, Hemmings, Drew & Pearl, 1991).
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This paper presents recent, novel developments in
both hardware and software of this automated
system.

Five-channel dispensing

To optimize conditions for crystallization the
IMPAX system has to date been operated by mixing
four solutions through a four-channel microtip. The
channels typically contain the following reagents:
channel 1: the macromolecule to be crystallized;
channel 2: precipitating agent; channel 3: additive;
and channel 4: buffer as a diluent to make up the
volume of the trial.

In many instances, mixing four solutions does not
provide enough degrees of freedom to carry out an
experiment. For example, one may wish to vary the
concentrations of the precipitating agent (channel 2)
and the additive (channel 3) simultaneously, while
keeping the protein concentration (channel 1) con-
stant. If a buffer is to be included in channel 4
(which is used to make up the volume of the trial) its
concentration may vary from well to well. In cases
where a non-ionic precipitant such as PEG is used,
this may lead to significant variations in the total
ionic strengths.

This problem has now been solved by the addition
of a fifth motorized syringe and valve assembly, used
with a five-channel microtip. The fifth channel
always contains water, and is used to make up the
volume of the trial thereby allowing the concentra-
tions of four materials to be independently con-
trolled.

Adaptation to vapour diffusion

The uniqueness of the IMPAX crystallization system
lies in its capacity for microbatch crystallization.
However, in order to increase the flexibility of the
system, the hardware can be adapted to perform
vapour-diffusion trials. The set up of the hardware
remains largely unchanged. The same Hamilton
syringes (100 wl) which are used for dispensing
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Fig. 2. The typical appearance of a PC display for Pick & Mix before dispensing. On the left-hand side, an array of *’s and 0’s represent
the full and empty wells of a mixture plate. The ‘current’ well is indicated by a cursor, and the ingredients are shown in the ‘well
contents’ box. The contents of the current well may be edited by moving to a different window, and selecting the ingredients required
from a list, as shown in the window on the bottom right of the screen.

but the quality of those crystals requires further
improvement. The different crystal form obtained by
the use of Pick & Mix may provide a new lead for
the crystallization of this protein.

Screens using Pick & Mix are performed as micro-
batch trials under oil where only very small quanti-
ties of protein need to be consumed (as little as 1 mg
per 100 trials). Once conditions for crystallization
have been defined using Pick & Mix, optimization to
produce X-ray diffraction quality crystals is per-
formed by applying a second program which uses the

five-channel microtip as described above and in
Chayen et al. (1990).

References

CHAYEN, N. E., SHAW STEWART, P. D. & Brow, D. M. (1992). J.
Cryst. Growth, 122, 176-180.

CHAYEN, N. E., SHAW STEWART, P. D., MAEDER, D. L. & BLow,
D. M. (1990). J. Appl. Cryst. 23, 297-302.

JANCARIK, J. & KM, S.-H. (1991). J. Appl. Cryst. 24, 409-411.

WILSON, S. A., CHAYEN, N. E., HEMMINGS, A. M., DrRew, R. E. &
PEARL, L. H. (1991). J. Mol. Biol. 222, 869-871.



