Supramolecular organization
of visual pigment rhodopsin

The visual pigment rhodopsin is a prototypical
member of the large family of G-protein coupled re-
ceptors (GPCR). GPCRs are known to form dimers or
oligomers in membranes. However, for rhodopsin
and all class A rhodopsin-like GPCRs, the functional
role of rhodopsin dimers has not yet been estab-
lished.The supramolecular organization of rhodop-
sin in photoreceptor membranes is currently the
subject of heated debates.

As part of the investigation of the supramole-
cular organization of native photoreceptor mem-
branes, small-angle neutron scattering with contrast
variation and small-angle X-ray scattering experi-
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ments were carried out. The use of two complemen-
tary methods allows us to make an assumption
about the monomeric state of rhodopsin in the
photoreceptor membrane.

It is known that the photoreceptor disc mem-
brane is a two-component system consisting of ap-
proximately 40% lipids and 60% proteins, of which
about 85% is rhodopsin. The experiments were per-
formed with samples of photoreceptor discs (ap-
proximately 1 um in diameter) isolated from outer
segments and rod outer segments themselves from
bovine retina. Small-angle neutron scattering ex-
periments were carried out on the YuMO small-
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CynpaMoneKynapHas opraHmsaumda
3pUTESIbHOIrO NMUIrMeHTa PoaoncuHa

3puTeNbHbIA MUTMEHT POAONCUH ABNAETCA TU-
MUYHbIM NPeLCTaBUTENIEM OFTPOMHOIO CEMENCTBA
peuenTopoB, conpsakeHHbIx ¢ G-6enkamn (GPCR).
GPCR B membpaHe PpYHKLUUOHMPYIOT B AMMEPHOM
1 onuromepHom coctosaHun. OgHako, 4nAa pogon-
CWHa 1 Bcero Knacca A pogoncrH-nogo6Hbix GPCR
bYHKLMOHaNbHaA posib AMMEPHOro COCTOAHUA 0
CUX Nop He ycTaHoBneHa. CynpamoneKkynapHas op-
raHM3auusa poaoncuHa B GpoTopeLenTopHbIX Mem-
OGpaHax sBNAETCSA B HaCToslLlee Bpemsi NpeamMeTom
OCTPOW [UCKYCCUN.

B pamkax nccnegoBaHua cynpamonekynsapHon
opraHusaumm ¢boTopeLienTopHo MeMbpaHbl B Ha-
TUBHbIX ycnosuax B JIHO 6binn npoBefeHbl SKcne-

PUMEHTbI MeTOA4aMM ManoyriioBOro pacceaHns Hew-
TPOHOB C BapuaLeil KOHTpacTa U ManoyrioBoro
pacceAHnA peHTreHOBCKIMX Nyyeit. icnonb3oBaHue
[BYX KOMMJEMEHTapHbIX METOLOB MO3BOMAET Cle-
naTb NPeanosoXeHne 0 MOHOMEPHOM COCTOAHWM
pognorncrHa B GoTopeLienTopHOn MembpaHe.
MN3BecTHO, uTo MembpaHa poTopeL,enToOpHOro
[AVCKa NpeacTaBnseT cobol ABYXKOMMOHEHTHYIO
CUCTEMY, KOTOPAA BKIOYaET B ceb6A nprmepHo 40%
nunupoB 1 60% 6enKkoB, U3 KOTOPbIX 0KoMo 85%
NPUXOAUTCA Ha AONI0 pogoncuHa. [Ina nposeaeHns
3KCNEePUMEHTOB OblnN NoyyYeHbl 06pa3Lbl poTope-
LeNTOPHbIX AUCKOB (MPMMepPHO 1 MKM B AameTpe)
N3 HapY>KHbIX CErMEHTOB 1 HEMOCPEACTBEHHO Ha-
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angle neutron scattering spectrometer under dim
red illumination.

Differences in scattering densities between
lipids and proteins in the photoreceptor disc mem-
brane made it possible to exclude the influence of
the lipid matrix on the pattern of small-angle scat-
tering from the membrane and to reveal structural
information about the relative disposition of rhod-
opsin within the membrane. The use of a synchro-
tron X-ray source allowed improving the back-
ground conditions and the resolution of the ob-
tained data. This information made it possible both
to determine the parameters of the arrangement of
rhodopsin inside the membrane and to show the
presence of disc packing in the outer segments of
photoreceptor cells. Also, the use of synchrotron-
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SANS curves revealing the
organization of rhodopsin
inside the photoreceptor
membrane.
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based small-angle X-ray scattering made it possible
to confirm the results obtained by the SANS meth-
od and to show that this arrangement of rhodopsin
is retained not only in systems with isolated pho-
toreceptor discs, but also in native rods of the pho-
toreceptor membrane.

From the obtained data, it was shown that the
packing density of rhodopsin molecules in the pho-
toreceptor membrane is unusually high: the dis-
tance between the centers of the molecules is
approximately 56 A [1, 2]. Taking into account the
diameter of the molecule itself, the average dis-
tance between two neighboring rhodopsin mole-
cules obtained from the results suggests the mo-
nomeric state of rhodopsin molecules.
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PY>XHble cermeHTbl GOTOPELIENTOPHbIX KNETOK CeT-
yaTKK OblKa. IKCNEePUMEHTbI MO MasioyrioBOMy pac-
CeAHMNIo HENTPOHOB OblNIM NPOBEAEHbI HA CNEKTPO-
MeTpe ManoyrinoBoro pacceaHusa HerTtpoHos FOMO
NPV HU3KOWN MHTEHCMBHOCTU KPAacHOro CBeTa.
Paznuuns B nNOTHOCTM paccesHns HENTPOHOB
mexay 6enkamu n nunuaamm B membpaHe ¢oTope-
LIeNTOPHOr0 AMNCKa NO3BOJIIIO UCKIOUNTD BANAHKE
NIMMUAHOTO MaTPUKCA Ha KapTVHY ManoyrioBoro
pacceaHna oT MemMOpaHbl 1 BbIABUTb CTPYKTYPHYHO
NHQOPMALIMIO O PACMONIOKEHNN POLOMNCUHA BHYTPU
MeMOpaHbl. Micnonb3oBaHne CUHXPOTPOHHOIO UC-
TOYHVKa PEHTIEHOBCKOrO U3J/lyYeHUsi NO3BOINIIO
ynyuywunTb GOHOBbIE YCITOBMA U pa3peLleHme nony-
YeHHbIX JaHHbIX. [laHHaA HbopMaLma No3Bosna
onpenennTb Kak napameTpbl pacrosioXeHns po-
[OMNC/HA BHYTPY MeMOpaHbl, Tak 1 MoKa3aTb Hanu-
urve YNakoBK/ AUCKOB B HAPYXHbIX CermeHTax

boTopeLLenTopHbIX KNETOK. TakXe NCNoJib30BaHNe
MeTOAa MasioyrfioBOro paccesaHUsa PeHTreHOBCKNX
NyyYemn C UCNoJsib30BaHNEM CUHXPOTPOHHOIO NCTOY-
HVKa NO3BOMMIO NOATBEPANTb pe3ysnbTaTbl, NOy-
YyeHHble meTogom MYPH 1 nokasaTb, UTo Takoe pac-
NOJSIOXKEeHNEe POAOMNCMHOB COXPaHAETCA He TONIbKO
Ha CUCTEMAX C BblaeneHHbIMU GOTOPELIENTOPHBIMM
AVCKaMW, HO U B Hepa3pyLLEHHbIX Nanoykax ¢poTo-
peuenTopHO MemMbpaHbl.

M3 paHHbIX ObINO NOKa3aHo, YTO MAOTHOCTb
YNaKOBKW MOJSIEKYN POAONCMHa B poTopeLenTop-
HOI MembpaHe HeobblUalHO BbICOKA: PacCTOAHNE
MeXAY LIeHTpamMn MOJSIeKY T COCTaBNAET NPUMEPHO
56 A [1, 2]. MprHMMas BO BHMMaHWe AraMeTp caMoi
MOJEKYJIbl, CpefHee PacCcTosHNE MEXAY ABYMS MO-
neKyflamun poaoncrHa, noslyyeHHoe U3 pesysnbra-
TOB, CBUAETENbCTBYET O MOHOMEPHOM COCTOAHUN
MOJEeKyN pOAOMNCUHa.
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