276

Acta Cryst. (1998). D54,276-278

Crystallization of the a-hemolysin heptamer solubilized in decyldimethyl- and
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Abstract

Crystals of the a-hemolysin heptamer, a transmembrane pore-
forming toxin from Staphylococcus aureus, have been grown
using the nonionic detergents n-decyldimethyl- and n-decyl-
diethylphosphine oxide, phosphorus homologs of the ionic
amine oxide detergents. Five crystal forms were obtained, one
of which diffracted X-rays to 3 A resolution. This crystal form
displayed elements of pseudo mm symmetry in screened
precession photographs yet it was triclinic with unit-cell
dimensions a = 173, b=173,c = 102 A, o = 92.6, B = 94.8,
y =90.2°.

1. Introduction

In general, membrane protein crystallization requires an
aqueous solution of micelles that will (i) stabilize the protein
in a folded native and biologically active conformation and (ii)
facilitate the growth of a well ordered three-dimensional lattice
(Michel, 1990). Interactions between the protein and the
detergent micelle and monomers are of primary importance
for maintaining the stability of the protein while protein—
protein, protein—detergent and detergent—detergent interactions
participate in nuclei formation and lattice propagation in type II
crystals (Michel, 1983). Thus, a detergent must satisfy a host of
criteria for efficacy in membrane-protein crystallization. To
date, only a small group of detergents and phospholipids are
employed in membrane protein crystallization, such as n-octyl-
B-D-glucoside (Michel & Oesterhelt, 1980; Papiz et al., 1989,
Picot et al., 1994), n-decyl- (Tsukihara et al., 1995) and n-
dodecyl-B-p-maltoside (Iwata et al., 1995), 6-O-(N-heptylcar-
bamoyl)-methyl-a-D-glucoside (Lee et al., 1995), decanoyl-N-
methylglucamide (Yu et al., 1996), n-octyl tetraethyleneglycol
(Kreusch et al., 1991), n-dodecyl octaethyleneglycol (Shinza-
wa-Itoh et al, 1995), N,N-dimethyldodecylamine-N-oxide
(Michel, 1982), sucrose monolaurate (Kawamoto er al.,
1994), and micelle-forming phospholipids (Eiselé & Rosen-
busch, 1989; Yu et al, 1996) that include dipentanoyl-,
dihexanoyl-, diheptanoyl- and monotetradecanoyl phosphocho-
line (Huang et al.,, 1997; Song & Gouaux, 1997). Detergents
and phospholipids that have proven successful for membrane
protein crystallization are nondenaturing, usually chemically
homogeneous and typically form small uniformly sized
micelles.

Decyldimethyl- and decyldiethylphosphine oxide (C;,DMPO
and C,,DEPO, respectively) (Fig. 1) have favorable properties
for use in membrane protein crystallization and here we
describe their application to the crystallization of the -
hemolysin heptamer (¢HL). These phosphine oxide detergents
are stable in typical aqueous solutions to oxidation, reduction
and hydrolysis, they do not contain asymmetric centers that
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Table 1. Surfactant properties of dimethyl- and diethyl
decylphosphine oxides
C,,DMPO C,,DEPO
M, 218.31 246.33
C.m.c. (mM) 3.8-4.6% ~1.5%
Micelle molecular weight 28600t Not available

+ Herrmann et al. (1966) + Lunkenheimer et al. (1987)

might undergo racemization, and they can be prepared on a
large scale. C;(DMPO and C,,DEPO have critical micelle
concentrations (c.m.c.’s) in the mM range and form relatively
small micelles which exhibit a low degree of polydispersity. The
monomers and micelles are readily soluble in aqueous solution
(Herrmann et al., 1966; Lunkenheimer et al., 1987; Table 1).
Furthermore, the solubility properties of phosphine oxide
detergents are not pH dependent over the range of most
crystallization screens (pH 4.0-9.0), in contrast to the pH-
dependent solubility of the amine oxide detergents, which
results from the titration of the amine oxide moiety (pK, = 4.9;
Herrmann, 1964). Thus, the design of crystallization screens is
not further complicated by large changes in detergent solubility
as a function of pH.

Crystallization screens using C,,DMPO and C,,DEPO were
applied to ¢HL from Staphylococcus aureus. «HL, a self-
assembling pore-forming toxin (Bayley, 1995), is secreted as a
water-soluble monomer of 33.2 kDa that creates heptameric
transmembrane channels following oligomerization on a cell or
synthetic bilayer surface (Song et al., 1996). Crystallization of
the detergent-solubilized heptamer under a wide range of
solution conditions and in different crystal lattice environments
is part of our effort to determine the conformational flexibility
of the heptamer, the dependence of the structure on the
detergent of crystallization, and the utility of new detergents for
membrane-protein crystallization.
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Fig. 1. (a) Decyldimethylphosphine oxide and (b) dodccyldimethyl-
amine oxide.
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