Use of Cyclodextrins for Crystallization of Membrane Proteins — ATCG3D Technology Development

The Ismagilov lab recently published a paper on detergent titration by cyclodextrins in a microfluidic plug-
based mode for crystallization of membrane proteins. The cyclodextrin titration can be applied to reduce
free micelle concentrations both during crystallization and also during concentration of membrane protein
samples, both of which are generally applicable to membrane protein crystallization.

This is described as follows.

Detergents are used to solubilize membrane protein and to maintain its stability and function. While not
enough detergent will cause aggregation and destabilization, too much detergent will result in extra
detergent forming free micelles. Free micelles are known to possibly interfere with membrane protein
crystallization.

A paper from Ismagilov lab was recently published in JACS (2008 130: 14324-14328), titled Simple Host-
Guest Chemistry To Modulate the Process of Concentration and Crystallization of Membrane Proteins by
Detergent Capture in a Microfluidic Device. This paper demonstrated that Methyl-beta-cyclodextrin
(MBCD) formed a complex with single chain detergent and broke up its micelles, increasing the
homogeneity of membrane protein samples (Figure 1).

This paper also demonstrated two uses of MBCD for getting rid of free detergent micelles in a membrane
protein sample. One method involved the addition of MBCD directly into crystallization trials at optimal
concentrations. Using this method it was found that the crystallization behavior of reaction center (RC)
from Blastochloris viridis was changed. Instead of getting regular tetragonal RC crystals, trigonal RC
crystals were obtained. A proposed mechanism for such a change in crystallization behavior is that the
added MBCD formed a complex with detergent, breaking up free micelles as well as stripping loosely
bound detergent from the protein-detergent complex which exposes more hydrophilic residues accessible
for forming protein crystal contacts. In the RC case tested, the morphology of the crystals changed
(Figure 2).

The second use of MBCD involved adding MBCD to protein-detergent samples during the concentration
process. The concentration of detergent in the concentrated protein sample was minimized because
MBCD broke up the micelles by forming complex with the detergent monomer and the complex could
easily pass through the membrane of the concentrator that was used in the concentration process (Figure
3).
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