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Membrane proteins (MPs) play an essential role in living cell processes such as ion transport across
the membrane, energy conversion, and signal transduction. One-third of the human genome encodes
membrane proteins. Due to their significant role in human physiology, membrane proteins are the
targets of about 60% of currently used drugs. To date, the most widely used method for obtaining
high-resolution protein structures is X-ray crystallography, which requires high-quality protein
crystals. However, the crystallization of membrane proteins remains a major challenge. Unique
structures of membrane proteins account for only ~ 1% of all available unique high-resolution protein
structures. One of the method for crystallizing membrane proteins is based on bicelle forming
lipid/detergent systems. Several important membrane proteins have been crystallized by this
approach. Nevertheless, this method, whose mechanism is still unclear, only relies on exhaustive trials
and errors. The often-used term “crystallization from bicelles” may only mean that the starting
crystallization matrix is a liquid phase comprising of bicelles, membrane proteins (surrounded by
native membranes or membrane mimicking systems) and buffer. However, what happens with the
crystallization matrix after the initiation of crystallization (upon adding precipitant) and what the
phase state (structure) is when crystals grow is not known.

The small-angle x-ray and neutron scattering were used for studies of structural evolution of the
crystallization matrix from the initial bicelle to the final jelly-like state where MP crystals grow [1].
Since standard crystallization tools (such as sitting drop or hanging drop) are not suitable for
simultaneous performing small angle experiments, we developed an equivalent crystallization
procedure in glass capillaries. The bacteriorhodopsin (BR) from Halobium Salinarum was taken as a
membrane protein.

In contrast to the existing paradigm, this study shows that the jelly-like ribbon state of the ‘bicelle’
crystallization matrix, rather than the initial bicelle, is the state where crystals grow. These lamellar
structures are assumed to be interconnected to help proteins migrate from bilayers to the place of the
crystal formation which is necessary conditions for the growth of crystals. Between the appearance
of ribbons and crystals, several more types of structural elements appear: the lamellar lipid phase ,
the nematic phase with distances 500—700 A and the local multilamellar phase. The last is connected
the surface of protein crystals and allows the protein to diffuse to the crystal surface.

The described results help to shed more light on in meso MP crystallization making it considerably
more efficient for structure-based drug design.
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HcciienoBanne MexaHU3Ma KPUCTAIM3ANUNA MeMOPAHHBIX 0€JIKOB B OHIIEJJISIPHBIX
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MeMOpaHHbIe OCITKM MTParOT BaXHYKO POJIb B MPOIECCaX, MPOXOIAIINX B JKUBBIX KIIETKAX,
TaKWX, HAapUMeEp, KaK TEePeHOC MOHOB Yepe3 MeMOpaHy, MmpeoOpa3oBaHHE dHEPTUU U Iepeiada
curHaia. TpeTh 4eI0BeueCcKoro reHoMa KoAUpyeT MMEHHO MeMOpaHHbIe Oenku. M3-3a cBoelt BaKHOH
poiu B PU3HUOJIOTUH YeI0BEKa MEMOpaHHBIE OCJIKH SIBISIOTCS MUTIIEHSIMU OKOJI0 60% HCTIOMIb3yeMBbIX
B HAcTOsIIIee BpeMs JiekapcTB. Ha cerofHsnIHmiA 1eHb Hauobolee MUPOKO MCIIOIb3yeMbIM METOIOM
MOJTYYeHUs OCIKOBBIX CTPYKTYP BBICOKOTO pa3pelIeHHs SBISETCS PEHTITCHOBCKast KprcTasutorpadus,
JUISE KOTOPOH HEOOXOIMMBI BBICOKOKAYe€CTBEHHBIE OEIKOBbIE KpUCTAIbl. OJHAKO KPUCTAITU3ALNS
MeMOpPaHHBIX OEITKOB JI0 CHX TIOP SIBJISIETCS CIIOKHOMW 3a/1adeil. YHUKaJIbHBIE CTPYKTYpPhl MEMOPaHHBIX
OETKOB COCTAaBISIIOT UMb ~ 1% Bcex umeromuxcs B 6aze PDB yHuKanbHBIX OEIKOBBIX CTPYKTYP
BBICOKOTO paspemieHus. OOHUM W3 METOJIOB KPUCTALIM3AIMH MEMOpPaHHBIX OEJKOB SIBIISETCS
KpUCTau3anus B OunesipHoi cmecd. C MOMOIIBIO 3TOr0 Moaxofa ObUIO KPUCTAIIIM30BaHO
HECKOJIBKO BOKHBIX MEMOpaHHBIX OelKoB. TeM He MeHee, MEXaHU3M IpoIecca KPUCTAUTU3AIUH 10
CHX TIOp OCTAeTCsl HE SICHBIM M MIPUMEHEHHE ITON METOJAMKH Ha IMPAKTHKE OIMMUPACTCS B OCHOBHOM Ha
OTIBIT, TIOJTyYEHHBIN MmyTeM Mpo0 u ommOoK. YacTo MCIOIb3yeMblii TEPMUH «KPHUCTAJLTU3AIMUS U3
OUIIeI» MOXET 03Ha4aTh TOJIBKO TO, YTO MCXOJAHAS KPHCTaJUIM3alMOHHAS MaTPUIA MPEICTABIISCT
co00# XuAKyto (hazy, COCTOAIIYI0 M3 OWIeNsI, MEMOpPAHHBIX OENKOB (OKPY>KEHHBIX MeMOpaHHOM
CHUCTEMOM, MMUTHUPYIOIIEH OHMOIOTHYECKYI0 MeMOpaHy) u Oydepa. OJHAKO YTO MPOUCXOIUT C
KPUCTAJTU3AIIMOHHON MaTPUIICH MOoCIie Hauyalla KpUCTaUIM3auu (TIpu J00aBICHUHU IIPECUNTUTATA) U
KakoBO €€ (ha30BOE COCTOSTHKE (CTPYKTYpa) B MPOIECCE POCTA KPUCTAIIIOB, HEM3BECTHO.

C MOMOIIBI0 MAJIOYTIIOBOTO PACCESTHUS HEUTPOHOB M PEHTTEHOBCKUX JIyYeH MBI HCCIICOBATTN
HBOJIOLUIO CTPYKTYPBI KPUCTATU3AIMOHHOTO MaTPUKCa OT HAYAJIbHOTO OHIIEIUTSIPHOTO COCTOSTHUS
70 KOHEYHOTO TeJIb-II0JI00HOT0, B KOTOPOM HaYMHAETCS (POPMHUPOBAHHE OCITKOBBIX KPHCTAILIOB [1].
[TockonbKy CTaHJAPTHBIC METOIUKN KPUCTAJUIA3AIMH (TAKHE KaK CUsYast Karis MU BUCSYast KaTuis)
HE TOJXOMAT YIS TMPOBEJCHUS SKCIICPUMEHTOB 110 MaJOYIIIOBOMY paccesiHhIo, Oblia pazpaboraHa
SKBHBAJICHTHAS MPOLIEAYpa KPUCTAIUIM3AIUU B CTEKISIHHBIX Kammuisipax (Pucynok 1).B kadectse
MeMOpaHHoro Oenka O0b11 B3aT Oaktepuoponorncud (bP) uz Halobium Salinarum.

B omnmume OT cymiecTBYIOMIEH MapagurMbl, SKCIIEPUMEHTHI 110 MaJIOyIJIOBOMY PacCesHUIO
MoKa3aJld, 4YTO 3apoXkJeHHe OENIKOBBIX KPHCTAJUIOB MPOMCXOJUT Iocie (HOPMHPOBAHUS Teib-
oJJOOHOH (a3bl, KOTOpas ABISIETCS OUIEIUIIPHON TOJNBKO HAa HAYaJIBHBIX JTamax HKCIIEPHMEHTA, a
3aTeM OHa (POpMHPYET JIEHTONOJOOHbIE B3aUMOCOEANHEHHBIE TaMeIibl. CoeIMHEHHE JTaMeIUT MeX Iy
coboii momoraer Oeilka MUTPUPOBATH MEXAY MeMmMOpaHamMH K MecTy (OpMUPOBaHUS M pocTa
kpuctauioB. IloMmumo QopMupoBaHMs JIEHT, B CHCTEME TMOSBIAIOTCA U JIpyrue HHTEpECHbIE
CTPYKTYphI: NaMelspHas (asza, Hemarudeckas (asza (¢ mapamerpom mopsaka 500-700 A) u
JIOKaJIbHasi MyJIbTUIIaMEIIsIpHAs a3a, KoTopas GU3NUECKH CBA3aHA C IOBEPXHOCTHIO KPUCTAIIIOB
MTOMOTaeT OTACIBbHBIM Oenkam AudGyHANPOBATH K MECTY POCTa KpPHCTAIIA.

[Tony4yennass wHQpOpPMAIUs TOMOXET BHECTH OOJBIIE SCHOCTH B IOHMMaHHUE TIIpolecca
KPUCTAJUIM3aLUM MEMOpaHHbIX O€JNKOB in meso W clenarb 0Oonee OCO3HAHHBIM TAaKOM THII
KPUCTAJIM3AIMHU JJI1 MCIOJIb30BAHUS PE3YJIbTATOB B JAJBHEHIIEM JUIS PAllMOHAJIBHOIO IU3aiiHa
JIEKapCTBEHHBIX CPEICTB.
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