New Glycotripod Amphiphiles for Membrane Protein Sol

Stabilization : Importance of Branching in the Hydro

Pil Seok Chael, Marc J. Wander?, Aaron P. Bowling?, Philip D. Laible?* and Samuel H. Gellman*
1Department of Chemistry, University of Wisconsin, Madison, WI 53706; 2Biosciences Division, ANL, Argonne, IL 60439

This work was supported by NIH grant P01 GM75913.

ubilization and
philic Portion

Abstract

Membrane proteins play central roles in biology. Elucidathe structures
of membrane proteins is crucial for elucidating their fioms. Isolation and
physical characterization of membrane proteins remaireniat challenge in
biomolecular science. Three-dimensional structure deterroinédir membrane
proteins has been successful only within the past two decadd the set of
known membrane protein structures is far smaller than thaf &ebwn soluble
protein structures. It is therefore important to exploew molecular tools that|
facilitate the stabilization of membrane proteins aftemaeal from their native
lipid bilayers, and ultimately their crystallization. Syatic amphiphiles,
typically detergents, are crucial tools in this field: ythere used to extract
embedded proteins from the membranes in which they natuvetiyr and
maintain native protein conformation in the solubitizetate. Physical
characterization is often carried out with protein-ampigpcomplexes, and
such complexes are usually the basis for crystallizaffontg growth of high-
quality crystals is a rate-limiting step in structureedetination. In light of the
central role played by synthetic amphiphiles in membrane ipraeience,
surprisingly little effort has been devoted to explorationnoh-traditional
architectures for these small molecules. We dbéscmew synthetic
ampbhiphiles that display favorable solubilization and stadtitin properties
and that therefore represent attractive candidates for flituretional and
structural studies. Two of these new "glycotripod amphiphaes illustrated
below. We show that these molecules are superior to convehtletergents
for solubilization and stabilization of the LHI-RChptosynthetic
superassembly frolRhodobacter capsulatus.
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Figure 1. Number of proteins crystallized by primary detergents.

Detergent screening protocol

Figure 4. Rhodobacter capsulatus membranes without LHIl was used.

Detergent screening protocol : solubilization and prification
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Figure 5. Schematic representation of solubilization protocol.
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Figure 6. Schematic representation of purification protocol.

Superior properties of TPA 21

Molecular structures of TPAs and MPAs

Our hypothesis
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Figure 2. Schematic representation of the architecture of tripod amphiphiles
and that of conventional detergents called as MPAs.

phiphile complexes?

Previous studies

solubilization of bacteriorhodopsin from
purple membrane and bovine rhodopsin from ROS

A -

Potassium Channel from S. lividans
(R. MacKinnon, personal communication, late
1990s)

Bacteriorhodopsin
(Chiu et al. Biochim. Biophys. Acta 1751:213
(2005))

Figure 3. Chemical structure of lead tripod amphiphile (TPA 0) from initial
studies and crystallization efforts by using TPA 0.

(TPA 0 is now manufactured and sold by Anatrace, Inc  .)
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Figure 7. Spectroscopic comparison of solubilized protein complexes extracted

from intracytoplasmic membrane of R. capsulatus by tripod amphphiles.

Stabilization effect of TPA 2 and TPA 21 : importace of
branching in the hydrophilic portion of tripod amph iphiles
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Figure 8. Stabilization effect of the protein purified by DDM, TPA 2 and TPA 21.

Conclusion

« Branching in hydrophilic as well as lipophilic portions of T&generateq
optimal behavior in stabilization toward delicate progiperassembly.

« The best amphiphile — TPA 21 is clear superior to conveatio
biochemical detergents with regard to long-term stalilityolubilized
LHI-RC superassembly.

« Overall, the TPA/s.MPA or DDM comparisons indicate that the new
amphiphile design strategies can produce useful alternadives t
conventional detergents for membrane protein manipulation
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