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ABSTRACT

Crystallography is more like an art than scienceystallizing membrane proteins are a big challenge;
membrane proteins are present in the cell memtaadeserve as cell support. The most important featu
of membrane protein is that it contains both hyiaipc and hydrophilic regions on its surface. They
generally much more difficult to study than solulpi®teins. The problem becomes more difficult when
trying to obtain crystals to determine the highoteSon structures of membrane proteins. We want to
utilize this opportunity to briefly examine varioapproaches for crystallization of membrane prateirhe
important factors for determining the success gétallization experiments for membrane proteins lie
the purification, preparation of membrane samples.environment in which the crystals are grown toed
technique used to grow the crystals. All the X-styuctures of membrane protein are grown from
preparations of detergents by different method®ldg@ed to crystallize. In this review different heeques

for the crystallization of membrane proteins armdealescribed. The cubic phase method also known as
meso method is discussed along with other methmdenderstand about the crystallization of membrane
proteins, its general applicability, salt, detetgand screening effects on crystallization. Lowwnés as
nano-liter of samples can be used for crystalliratiThe effects of different detergents on the
crystallization of membrane protein, as well asuke of surfactants like polyoxyethylene. Approbaked

on the detergent complexation to prove the abiitycyclodextrins to remove detergent from ternary

mixtures in order to get 2D crystals. Crystallipatiof membrane proteins using non-ionic surfactasts
well as Lipidic sponge phase and with swollen lipichesophases is discussed to better understand the

crystallization of membrane proteins.
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1. INTRODUCTION

Membrane proteins are those that simply exishén t
cell membrane and are essential for cellular lifeey
contribute too many processes where by the cdksdot
with the environment and generate energy and mainta
the cellular structure (Wiener, 2004). They sersédath
active and passive channels for ions and chemi€hksy
perform many important functions like nerve impulse
transmission and transport for into and out ofaék and
are also important targets for many drugs (Chial.,

2000). These factors make them very important ftioen
study point of view and crystallography is the most
reliable way to explore membrane protein structure-
function relationship in atomic detail (Chaial., 2000).

To perform crystallography a good quality crystas
essential which are not readily produce in case of
membrane proteins, thus providing a big challerme f
the crystallographers. One important feature of
membrane proteins is that it has both the hydrojghob
and hydrophilic regions on the surface; that alldivs
protein to have a hydrophobic region formed bylipie
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double layer which makes most of the membrane whilecyclodextrin (Signorelkt al., 2007). This method gives

still to have a stable interface with the aque@y®il on
either side of the membrane (Caffrey, 2003). Duth&o
structural restrictions of membrane proteins
structural possibilities have become more limited.

detailed information about the ability of cyclodens to
remove detergents from ternary mixtures like lipéohsl

their proteins in order to get high resolution 2D crystaf

membrane proteins. It has been tested on OmpF hwhic

Most of the crystallization technique uses aqueousis ap-barrel protein and also with SoPIP2; 1 which is a

solvent for crystallization and the membrane pratajet

a-helical protein. The crystals produced with this

easily denatured in this environment and looserthei approach had better resolution when compared \nith t
structure. Some common features of membrane peoteinprevious crystallization reports and so this appoly

include thea-helices,B-barrel and are in the hydrophilic
residues of amino acids. In the early 1980s therdent-
based micelles was rationally designed to solubiliz
membrane proteins and than the first membrane iprote
crystal was crystallized, it was of a photosyntheti
reaction centre in the year 1984, the German graup
crystallizes the membrane protein was awarded with
Noble Prize for their work (Caffrey, 2003). Membean
protein crystal structures are being produced drel t
work is going on to crystallize membrane proteins t
study their X-ray structures in detail. The methodsd
for the crystallization of membrane proteins mainly
involve the in serfo method and the cubic-phaséhouet
The in serfo method was the first successful nmeetho
to crystallize membrane proteins and a good nurober
crystals were crystallized with this method. Thes@rfo
is a liquid solution based and can be implemented f
vapor diffusion for soluble proteins. In the la@s% new
method was developed which is known as the culaseh
method or the in meso method, the cubic-phase mhésho
itself constituted of a lipid bilayer and so thgidi is very
comfortable here, this method has gained popularity

cubic-phase technique is found to improve the rewni

of the crystal structures of membrane proteins. The
cubic-phase method requires large amount of lipid a
proteins, to find enough purified membrane proisia

big task, also the crystallization is performedsimall
tubes where visual inspection is difficult and tirecess

of high resolution structure determination is viglious
and unpredictable.

1.3. Second Approach

The second cubic-phase approach uses nano-volume
which has excellent optical properties. These new
crystallization plates offer significant advantadgesthe
in meso crystallization of the membrane proteinke T
plates are made from the glass microscope slidds an
cover slips which are cost effective. The glassd use
these plates had excellent optical activity whielipéd to
view the process of crystallization through the sgla
windows. The plate uses a silicon rubber gaskettwhi
forms the walls of the wells. With the use of nanbimes
the crystal formation is seen to be very fast aittl these

very short period of time and reasonable number ofmethod crystals of bacteriorhodospin grows sucathgsf

membrane proteins have been crystallize successhitig
the in meso method (Wiener, 2004). The other twthaus
which are very recent, are the bicellie method #mel
vesicle-fusion method, they are still in their imfg stage as
both the techniques are pretty new but both théhadet
have produced one crystal of membrane protein. Stidar
the most successful method is the cubic- phaséeoint
meso method. In this review new approaches withirthe
meso methods along with few other approaches heee

(Cherezov and Caffrey, 2003; Kubiaogial., 2012).

1.4. Third Approach

The third approach makes use of the liquid anaogu
of the cubic phase, the sponge phase. The sporage ph
facilitates considerable increase in the size efdtystals
formed. Since the cubic-phase is curved with smalle
inner pore that makes it difficult for the host m@ane
protein with larger hydrophilic domains. In ordey t

studied so as to understand the different aspetts omake it easier for the protein to diffuse in thgdilayer,

crystallizing membrane proteins and try to overcdime
drawbacks which interfere with the formation of stajs
(Cherezowet al., 2004).

1.1. Approaches  for Crystallization of
Membrane Proteins

1.2. First Approach
The first approach is the controlled 2D

crystallization of membrane proteins by using meflyy
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it can be flattened out by the use of solvents sagh
polyethylene glycol, propylene glycol or dimethyl
sulfoxide to the MO/water system in order to create
sponge phase. This bicontinuous phase is a tragrgpar
liquid with an inner structure which will look lika
melted cubic phase and will have less curved ligigr

and two to three times bigger aqueous pores. Ia thi
approach the reaction center from the Rhodobactor
sphaeroids can be crystallized by using a spongseph
with an ordinary hanging drop experiment. The
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crystallization of the membrane protein from thersge it acts against the desired solubility and is nobdy for
phase can be confirmed by visual inspection witralbm crystallization, so non-ionic surfactants are u®dhis
Angle X-ray Scattering (SAXS) and also with NMR process. These non-ionic surfactants are very anild
measurements. This approach of producing crystétsind have a very less effect on the protein conformation
to be very advantageous as the vapor phase diffusio These surfactants form a separate aqueous phdstheit
crystallization can be applied directly. As compate the ~ water soluble polymers, since the surfactants feicel
earlier lipidic cubic-phase, the mobile ubiquinasemore  form a second polymer species which promotes phase
refined. The different advantages of the spongeghzake  separation, it is possible to use non-ionic sudiist that

this an important approach for the crystallizatioh  can be used in place of PEG. With use of non-ionic
membrane proteins (Wadsteral., 2006). surfactants membrane proteins can be solublized and
1.5. Fourth Approach crystals can be produced (Liu and Cherezov, 2011).

The fourth approach of cubic-phase for 1.7. Cubic Phase with Cyclodextrins Approach

crystallization of membrane proteins uses additives Cyclodextrins can form complex with any kind of
swell the cubic phase. Normally proteins move ie th molecule and is an advantage over the dialysis adsth
bilayer in a lateral manner in the mesophase whiebs  During crystallization the nature of the detergased,
effective nucleation and crystal growth. If the tein’s amount of detergent removed as well as the ratéih
extra membrane is large relative to the dimensajrike it is removed affects the size and quality of thestls.
layers in which it connects, than the mobility dfet  These mild detergents are widely used for the
proteins will be restricted which will result indiecrease  purification of large and sensitive complexes. The
in the growth rate of the crystals or the growth s€op  cyclodextrin approach produced OmpF crystals of
completely. Thus with the in meso method the samdd  different qualities depending on the reconstitutione.
be increased to include large membrane proteinssand For 2 h reconstitution gives a low quality crystaid
the crystallization of the smaller proteins woulet @n  when the reconstitution is longer from 12 to 144t h
acceleration in the cubic phase with larger aqueousesults in average or bigger size crystals. Thetaly are
channels, this can happen by inducing a swellinthef  comparable to the one grown with dialysis methdue T
meso phase while maintaining the properties of aphospolipase helps to improve the packaging of the
continuous lipid bilayer of the membrane proteimeT  crystals. With SoPIP2; 1 the reconstitution oveth 2
cubic-phase can be swollen by the use of small wateshows smaller crystals and with 144 h reconstitutio
soluble organic molecules and inorganic salts, W  shows larger crystals. The quality of the crystals
X-ray diffraction; the mesophase swelling was idfeed  optained by this method is comparable and can give
and is seen to be a function of additive conceioman spot diffraction up to a resolution of 4A. The ursiad
the aqueous medium. The crystal structures form®d f  crystals show additional diffraction spots and dam
this method are comparable to the detergent-grownarranged in six fold symmetry. The problem of
crystals with a little difference in crystal packa®  evaporation can be solved by using micro-droplet
(Cherezov and Caffrey, 2006). pipettes to dispense cyclodextrins along with dateal
. volumes of water. It is seen that during longeration

1.6. Fifth Approach the crystals are bigger in size and of good quali¢jth

The last approach for crystallization of membrane cyclodextrins small amount of volume is required ao
proteins was making use of non-ionic surfactant&clwh  additional buffer is required. Thus cyclodextrinnche
are generally n-alkyl polyoxyethylenes. It is sd¢bat a used with those compounds which are very diffi¢alt
variety of protein precipitating agents like polygene produce (Signorekt al., 2007).

glycol, ammonium sulfate and methylene pentate afiel . . .
added to the protein solution to start crystalimatand ~ 1-8. Nano-volume plates with optical properties

there is very less understanding of the processived. In the nano-volume approach the beneficial part is
It can be a common place for the two water solubleits compatibility to work with very small volumess a
polymers to have a separate solution phase atf&peci with the manual dispensing method only 50 nL ofdiip
polymer concentration. In case of membrane proteinprotein mesophase is used that corresponds to 260ng
there is a problem in keeping them in the solupbase  protein per crystallization trial. Crystallizatiocan be
after solublization from the membrane, at this time studied on samples which had <5nL of mesophase and
detergents are used to solubilize the protein btitrees ~ <20ng of protein. Excellent quality crystals can be

////4 Science Publications 120 0JBS



Prakash G. Doiphode and Vivek Pratap Singh / Onllm&nal of Biological Sciences 12 (3) (2012) 118-12

produced with nanoliter volume samples. A minimuim o

1.10. Using Additivesto Swell the M eso-Phase

3nL volume is needed to produce bacteriorhodospin

crystals. The manual delivery of such small volurdies
not produce the same consistent results, so iinexjthe
whole process to be automated to give consistesijts.
By using the glass plates with the in meso methodlls

The swollen lipid mesophase, water-soluble
additives cause the cubic-phase to swell. The swell
increases the lattice parameter of the cubic-phétsean
increase in the aqueous solution that supportsidiqu

volumes can support faster growth of crystals for solution phase formation and stability. A largetite is

membrane proteins. Even with bolus, if smaller bolu
used the sooner the crystals can appear. Crystaeng

due to the increase in the aqueous channel dianidter
phase diagram for monoolein/water indicates that th

when sandwiched as a thin layer between the glasgubic Pn3m phase exists in equilibrium with an ezce

plates, helps for light microscope viewing of the
crystallization process. These plates can also dmal u
with a modification in the bicelle method. With thew
modified technique even picoliterscale crystallizatis
made possible (Cherezov and Caffrey, 2003; Ujwal an
Bowie, 2011).

1.9. Lipidic Sponge Phase Approach

With the Lipidic cubic phase (LCP) crystallization
of membrane proteins MO (monoolein) is mixed witb t
protein in the aqueous solution and the resultinigicz
phase is placed in contact with the precipitantitianh,
the precipitant solution leads to phase transfaoman

aqueous phase. The additives examined causes life cu
phase to swell at relatively low concentration aegiond

a certain limit the cubic Pn3m phase is transforimeth

a phase which is similar to a sponge form. The gpon
like phase continues to swell and thus it gets eded in

to lamellar liquid crystal phase. Urea and GndCihbo
show swelling for the cubic-Pn3m phase, but in azfse
arginine, swelling of the cubic-phase formed catfirbm
Im3m type. Thus apart from arginine all other aigtdi
can cause the cubic-Pn3m phase to swell. The sponge
phase can be considered as a swollen, disordetsd- cu
phase; it is characterized by the low range X-ray
scattering and is isotropic like the cubic-phaseibalso

the MO/water system. The setups appeared to liquefystiff and viscous. The crystal seen with membrane

indicating that there is a phase transformatioreseh
phase transformations improves the crystals qudlite
simplest method to understand the crystallizatiatess
from LCP is to add a crystal violet to the cubicapé
without protein; it gets accumulated at the
detergent/protein interface. After 20 h of pre@tst
addition the semi-solid cubic-phase is gone rasylitn a
two liquid phase, thus most of the MO is movedhe t

proteins by the in meso method growth was seehen t
concentration range where the cubic-phase is swolle
and converts in to the sponge like form. GndCl ako
causes the swelling of the cubic-phase, but does®h

to support the crystallization of protein, sincedGhis a
powerful denaturant which might have avoided the
crystal formation. With sucrose and glycerol théicu
phase was seen to shrink in size. The structurabeof

upper phase which was also can be confirmed by NMRiwo membrane proteins LH2 and BtuB grown from the
Small Angle X-ray Scattering (SAXS) can be used to meso phase were of diffraction quality and usetul f

examine the phase transformation of the LPC butowit

structure determination. The LH2 is a large protein

protein and can be measured for every 30mins for acomplex and its structure was even further invastid

period of 16 h. The X-ray scattering shows cubiageh
with Pn3m symmetry and after 5 h additional diffiac
peak is observed with space symmetry la3d. 8 hfat8m
pattern disappeared and after 10 h la3d disappeactdh
diffusion Brags peak appeared, it is interpreted tive 1a3d
pattern can be due to the cubic-phase while thgsBraak
was due to the formation of the sponge phase. Shee
sponge phase is in the liquid form, it can be tlyaesed in
the vapor diffusion or hanging drop method. Thehoet

mixes four parts of sponge phase with one part oflower

concentrated protein solution, crystals were seefortm
after one week and these crystals structures shawed
different appearance than that grown from LPC aedew
larger in size (Wadstest al., 2006; Johanssaat al., 2009;
Cherezov, 2011).
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and it showed two concentric rings of transmemHtrana
peptide subunits with the diameter of 36 A and 68 A
The inner and outer ring contained niaeand ninef
peptides respectively (Cherezev al., 2006; Liu and
Cherezov, 2011; Hofest al., 2010).

1.11. Non-lonic Surfactants Appr oach

Uses of non-ionic surfactants in the cubic phase
method shows the crystal growth to be more rapadly
pH than higher pH as seen with HEWL
crystallization. Crystallization shows few membrane
proteins but none of the membrane protein produced
crystals which can be suitable for X-ray diffractin
contrast crystals were looks more suitable for lslelu
proteins (Mustafat al., 1998).
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