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Context

Membrane proteins (MPs) play essential roles in biology and in the pharmaceutical industry

C Inliving cells (transporters, ion channels, GPCRs ...), in infections (influenza, antibiotic resistance),
in therapeutics (vaccines, antibodies)
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Almeida et al, 2017 BBA - Biomembranes

Coupling experimental and theoretical approaches to rationalize the crystallization

of membrane proteins in amphiphilic environments



Membrane protein crystallization is a challenge

Main difficulties for the crystallization of membrane proteins

- Low abundance in native membranes
- Need to be extracted from membranes by using surfactants (usually detergents)
- Low solubility in aqueous solvents without specific amphiphilic environment

__ Soluble protein - Membrane protein Requirements for the MP crystallization
in aqueous solvents  not soluble in aqueous solvents
Interactions with ions, H,O Interactions both with ions, H,O and lipids, - Large scale production of recombinant MPs (ShuA 2mg/8L
amphiphilic molecules culture)

- Native, functional and stable form of MPs in a suitable lipid
mimetic environment

- Monodisperse complexes for crystallization

- High diffracting crystals for crystallographic studies



Different methods of crystallization of membrane proteins

Solubilization, Purification

llization i
with detergent (c>CMC) Crystallization in detergent

Crystallization in micelles (in surfo)
The most popular used method
Often poor diffraction because

of destabilization/aggregation g
effects of detergents Michel 198

Stabilization in detergent

Crystallization in lipid cubic phase - LCP (in meso)
More and more frequently used (20%) essentially
with IMP or MP with small extra cellular domain

Good diffraction quality because
of lipid mimetic environment

~\ In bicelle

Some crystallizations
Better suitable for NMR studies

In detergent micelle A
%ﬁﬂﬁ&\\ﬂﬁﬁ@% Mixing of solubilizing detergents and natural lipids
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bicelle
Parker & Newstead (2016) Adv Exp Med Biol



Aln surfoo vs. Nin mesoo crystal packing

Two types of 3D crystal packing

Hydrophliic
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In surfo crystallization of MPs
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In meso crystallization of MPs
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polar and hydrophobic
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Criteria for successful MP crystallization in micelles (in surfo)

Detergent-stabilized
MP solution Same rules and techniques of
crystallization as for soluble proteins
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D, . < Except the choice of detergent,
o which is difficult to predict

V The detergent should stabilize MP in a native, functional and monodisperse form
V The detergent must adapt to the hydrophobic surface of the protein
V The detergent belt should not hinder protein-protein contacts for crystal growth

V Contacts in crystal occur via attractive protein-protein and micelle-micelle

interactions induced by addition of crystallizing agents
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Pebay-Peroula et al, 1995 Structure



Various amphiphilic structures and micellar assemblies

_ _ Micelle morphologies are controlled
Polar head Hydrophobic chain

® C by surfactant structure (head size and chain length) (via the packing

Single chain parameter P)

Vo
P. = Israelachvili (1976)

OCCCCC T loxa

Double chain a V Volume of the tail

[, V | Length of the tail

. . a Area per molecule

Bolaform

P <1/3 1/3-1/2 1/2-1

C by head-head and chain-chain interactions

c>CMC

Hydration

& (Repulsion)

Hydrophobic effect
(Attraction)
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Micelle Cylindrical  Vesicle
micelle




Commonly used detergents in biochemistry

Polar head Hydrophobic chain
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Essential partners for MP extraction, solubilization and handling in solution

. Sodium dodecyl sulfate Single chain y
- Anionic (Sodium lauryl sulfate)
O
WG"% —D_NE+
_ Cationic Cetyl trimethylammonium bromide "f“!
(Hexadecyl tnmethylammaonium bromide) WH*—{:H;&'
(CTAB) &w,
- Zwitterionic | Ch
LDAO N N-Diméthyldodécylamine-N-oxide |
ou Lauryl Diméthyl Amine Oxide CH3(CH_),,CH, _T —CH, '
o
- Non ionic Digitonin Polyoxyethylene alcohols
y (denoted C4E,,)
HO - o (1) Brij series Charged

{2) Lubrol (WX, PX)
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Critical choice of detergents for both stabilization and in surfo crystallization

No. of successful crystallisations

Il Respiratory complexes

Bl Channels

Bl Transporters

Il Photosynthetic & Light harvesting complexes
3 GPCR

Il ATPases

[ Others

Il Bacterial rhodopsins

Bl Enzymes

Bl Proteases

Parker & Newstead, 2016 Adv Exp Med Biol

Long chain _ low CMC _ high N, Favorable for
stabilization; Less favorable for polar contacts and
growth of diffracting crystals

[13M] [12M] [11M] [1OM] [9M] [8M]

Short chain _ high CMC _ low N,,: more favorable
for MP polar contacts and high diffraction

Kunji et al, 2008 Methods



Challenges of MP crystallization in surfo

1/ Destabilization / delipidation of MP
depends on nature of detergent

therefore two phase diagrams.
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2/ MP crystallization in surfo involves two inseparable partners
(membrane protein complex and detergent micelle) and

Schematic phase diagrams of surfactant

3/ Control of detergent/MP complexes for crystal growth




