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Box 1| Glossary of lipid structures
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Box 1 | Structure of mammalian membrane lipids

The most abundant animal lipid.
phosphatidylcholine (PC),
consists of glycerol, two fatty acid
chainsonsn-1 and -2. and
phosphate (phosphatidic acid.
PA) carrying the head group
choline. Various C16-C20 fatty
acids can be esterified at sn-2. but.
generally, C16:0 or C18:0 is
esterified at sn-1 (diacylglycerol).
A long-chain alcohol can be ether-
bonded at sn-1 (alkyl-
acylglycerol). In plasmalogens. the
alcohol is unsaturated (alkenyl-
acylglycerol). A cis-double bond
kinks the ether and acyl chains
and increases the membrane area
of the lipid. PE.
phosphatidylethanolamine: PS.
phosphatidylserine.

Sphingolipids contain a
C18-C20 sphingoid base, mostly
sphingosine. and a fatty acid,
amide-linked to the nitrogen
(ceramide). In dihydroceramide,
sphingosine lacks the trans-
double bond (sphinganine).
Phytoceramide contains
phytosphingosine (C4-OH
sphinganine). The fatty acid can
be long. cis-unsaturated at C15,
and hydroxylated at C2. SM.
sphingomyelin: GalCer,
galactosylceramide: GlcCer.
glucosylceramide: LacCer.
lactosylceramide. Yeast
sphingolipids contain
inositolphospho-phytoceramide
with longer fatty acids. notably
C26:0.

Sterols are defined by their
planar and rigid tetracyclic ring.
Animal membranes contain
cholesterol and low quantities of
related sterols such as 7-
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dehydrocholesterol. Cholesterol esters with fatty acids are storage lipids. just like triacylglycerol. Yeasts contain
ergosterol, plants mainly stigmasterol and sitosterol.



CnocoboB 3asikopmBaHus 6enkos B MeMOpaHe MHOrO:
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Figure2 Heterogeneity in the mechanisms through which proteins are targeted to lipid rafts

{a) GPl-anchored protein in which the phosphatidylinositol moiety contains two Cyz acyl groups. (b) GPl-anchored protein in which the inositol head aroup is acylated. (¢) GPl-anchored protein in
which the glycerophospholipid moiely is replaced with a ceramide. (d) GPl-anchored protein in which the sn-1 and sn-2 acyl chains have been remodelled to contain myristate. (e) GPl-anchored
protein in which an additional rait-targeting sianal is present in the protein component of the molecule. (f) A protein modified by the addition of a myristale and a palmitate group. (g) A protein
modified by the addition of two palmitate groups. (h) A protein modified by the addition of three palmitate groups. (i) A protein modified by the addition of a geranylgerany| group and a palmitate. (j) A
protein modified by the addition of a farnesy| group and a palmitate. (k) A transmembrane protein modified by the addition of two palmitate groups. (1) A transmembrane protein targeted to rafls via
interaction of amino acid residues with the exoplasmic leaflet of the plasma membrane. (m) A transmembrane protein targeted to rafts by interaction of ils extraczllular domain with raft constituents.
The listis not complete as other examples are known lo exist.

UcxoaHo cumutanocb, Yto nunuast membpaH uUrparot ponb
WHepTHOU NNATEOPMBI, NACCUBHOIO ABYMEpHOro pactsopurtens, B
KOTOPOM 3asIKOpeHbI (PYHKLMOHANbHO aKTUBHbIE 6ernku



C pPasBUTUEM MeTOAUYECKUX NOAXOA0B, NO3BOJTUBLWIUNX AHANMTU3UNPOBATDL

Jun I"IM.EI.HbIljl COCTAB OTAEJIbHbIX OpraHesiyt U ManieHbKUX y4acCTKoB M6M6PGH
(cbnyopecueHTHO-MeYeHble npounssoaHble nunuaos, FRET, FRAP)

OKa3anocCb, YTO MeMOpaHLI YCTpOeHbI NO AOMEeHHOMY
npuHUMNY, T.e.CyllecTByeT fniatepasnibHas acCumeTpus
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NunuaHbIU coctas membpaH pasHbIX
KOMNApTMeHTOB HeoAHOpOAeH
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NTunuaHere «TepputopUU» Ha 3HAOLMUTOZHOM MNYTU
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Transbilayer lipid distribution
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MexaHU3sMbL co3aaHUa «TpaHCMeMbpaHHOW» accumeTpum
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NartepanbHas accumeTpus u npouecc COpTUPOBKU
NUNUAOB CBA3AHLI Mexay cobou

PagpTbr: yyacTtku membpaHbr, oborauieHHbIe rAUMKOCPUHIONUNUAGMM,

CPUHIOMUETIMHOM U XONeCTepUHOM, COXPAHAFOT MOABUXHOCTL B KOHTEKCTe
mem6paHbI '

PadTbl cnOCOOGHBLI BKNOYaTb OAHU NMUNKUALI U UCKITOYaTb Apyrue

DIG (detergent-insoluble glycolipid-enriched complexes) or DRM

(detergent-resistant membranes) - HepacTBopuMbl B TpuTtoHe X-100 (0,1%, 4°

C, 30 MuH)
NMpumepsbl padToB:
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HeuyscTBUTENbHOCTL K OAHOMY AeTepreHTy He O3Ha4aeT
YCTOUUUBOCTb K AleTepreHTam BoobLie

Homogeneous rafts with selective extraction of lipids

Triton X-100 Brij 96 Lubrol, Tween
CHAPS Brij 93‘

EGFR nokanusyemcs Ha 1M e paghmax, pacmeopumsbix 8
TpumoHe-X100, Ho Hepacmeopumbix 8 Brij98




PagpTbl cNOCO6HLI BKNFOUATH OAHU NUMNUALL U UCKNIFOMATL Apyrue, a
TaKxe cneuuguUyecku accoumumposatbca ¢ onpeaesieHHbIMU 6enkamu

Coats Bilayer thickness Lipid anchors Oligomerization
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GPI-cesizaHHblIe 6esiku peyuknupyrom

Yyepe3 0QUH U mom ke peyuknupyrou,ull

KomMnapmmeHm 8 3 pa3a MedJieHHee, YeM

peuenmopsbl mpaHcgeppuHa. Ho ecnu

Q AT ucmouwums Ksiemku ro xosiecmepuHy,
mo CKopocmb peuyuksiuposaHusi 6ydem

u Domain-excluded lipids  e.g. phosphatidylcholine OdUHaKOGa.

ﬁ Domain-enriched lipids  e.g. (glyco)sphingolipids

! GPl-anchored proteins




NunugHaa komnosuuma pagpta (MUHOpHbBIE NUNUALL) MOTYT
onpepenatb Habop 6enkos, BKNHOYAEMBIX B AGHHBIU PAPT U T.
obpasom, cnocobcTeoBATH CMNELMPUUYHOCTU KNETOUYHBIX peakuun -

yvyactue B nepeanaye curHana

Lipid Raft A Lipid Raft B

’ @
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! l

Physiological response 1 Physiological response 2

EanHnyHbin padT — @50HM, 3500 mon. cdomHronunmaos, 10-30 6enkoBbIX MOSIEKYI.

OAvH pagT He MOXeT CBeCTU BOoeAUHO Bce 6enku, ydvacTeyrolwme B
CUrHanuHre, No3Tomy obpasyroTca KnacTepbl pagpTos.



Cerperauusa nUNUAOB MOXeT CTUMYJNIMPOBATLCA POpmoobpasosaHuem
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NunupHeIu coctas opraHenn B
3HaUYUTesIbHOU CTeneHW onpepenseTcs
(POPMOU OpraHesnsbt

CTPYKTYpa KOHKpeTHOU NUNUAHOU
MOneKysibl AUKTYeT ee
NpeAnoOYTUTESNbHYH NOKANU3ALMUO



Cama popmMa NUNUAHLIX Monekyn (KOHyc, uunuHAap,
WHBEPTUPOBAHHLIA LIMNUHAP) MOXeT onpeAenaTb KPUBU3HY
membpaHLI, a nepepacnpeneneHue NUNUAOB BLI3LIBATL ee

WUCKpUBIIeHUe
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LPC

60-100 nm
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AKTUBHOCTb NIUNUA-MOAUPULIUPYHOLUX (PEPMEHTOB TaKkKe MoxeT
NPUBOAUTL K U3MEHEHUHO (POPMBL NIUMUAG, U CNefoBaTeNbHO, KPUBUSHBI
MeMOpaHbI, Kak 3TO UMeeT MeCTO B crlyvae 3HAOPUIIUHA
(LPA-acyl-transferase) npu popmmposaHUU KNATPUHOBLIX OKAMMIEHUIA
unu PLD npu cbopke COPI-ge3ukyn

Arachidonyl-PtdOH

Figure 3: Phospholipid asymmetry and geometry in clathrin vesicle budding. Drs2p, a potential aminophospholipid flippase, is
required for efficient biogenesis of clathrin-coated vesicles. Perhaps formation of phosphatidylserine and or phosphatidylethanolamine
microdomains x} on the cytosolic leaflet of Golgi membranes (Al facilitates recruitment of clathrin, or its adapter proteins, to the
membrane to initiate budding (B) (73). By catalyzing addition of a highly unsaturated arachidonyl fatty acid at the sn-2 position of LPA,
endophilin | effects a geometric switch that imposes negative curvature to restricted regions of the bud neck of clathrin-coated
vesicles (C), thereby stimulating fission and release of these vesicles from the plasma membrane (D) (75).



Kak npasuno, uckpusneHue membpaH
NpPOUCXOAUT UMeHHO B obnacTtu pagros,
4YTO BOBJEeKaeT UX B NpoLecChl Kak
cnuaHua membpaH, Tak U PopmuUposaHUs
TPAHCNOPTHLIX Be3UKYJ



Hedgopmauus onpedensiemcs 6enkamu

MexaHu3m deghopmayuu ¢
(OuHamuH, 6esiku okalimneHul)

ydacmuemM yumockesiema

(a) (b)

— Cytoskeleton
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B koHeuHOM utOore, popmy membpaHsr uUnu ee
UsMeHeHue onpenenaroT COBMECTHO Kak

nnuabi, Tak u 6enku

Bknaabl Ka)aoro KOMNoOHeHTa MOTryT pasnn4aTbCs: KaBeorbl, XKUAKodasHbIi
SHOOLMTO3 U KNnaTPUH-0MNOCPEeAOBaHHbIA 3HAOLMTO3 3aBUCAT OT HAaNN4ns
XonecTepuHa, HO Npu ero UCTOLLIEHUM NePBbIMU NCYE3atoT KaBeosbl, 3aTEM

OCTaHaBNMMBaeTCcHa NUHOLUMTO3 U TONbKO notom — POJ.



MHorouucneHHsre nunNuaoser (3a6onesaHus, BbI3bIBAEMbIE
HaKkonMeHnem NUNUAOB B KNeTKax) Takke CBA3AGHLI C HapylueHuem ux
HOPMASbHOU TPAHCMOPTUPOBKU
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SocpatuaunuHosutuasr (PtdIns)
UrparoT BAXHYHO PerynatopHyro porsb
B CUIHAMbHLIX U TPAHCMOPTHBLIX

npoueccax
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PtdIns - meHee 10% obwero nyna
nunuaos

PepmeHTbI UX Metabonusma:

oPLC: PI(4,5)P2
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PI-kuHa3br: PI3K, PI4K, PIP5K

O
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TTyTu B3aumonpespaleHUU POCPOPUNUPOBAHHBLIX POPM
PtdIns ¢ yyacTuem pocgpaTUAUNUHOIUTON -3 -KUHA3

PI3-K Il

*/ piaki / Pl 3K \
Ptdins g oo Ptdlns-3-P Pldins-45P, g o 7% Ptdins-345-P3
/ PTEN

---------------- Pidins-3,5-P9



R
—»  Animals » Plants

”)‘“ —3 Slime moukls == Al
4 +
R‘-< ; —5
o O —
0 \P-lf] = L3 m\
3 / Ins(4,5)P, Ins(1.4,5)P+ Ins(1,4.5,6)P, ¥

B =¥ ppnsp,

Prdlins(4 5P %’ &; A Ins1 3.455P, .
%; %

/ Ins(1,4)P, Ins(1.2, 4,P3 Ins(1,3.4.5P, / /’ /
ol f /
’ / // ; ;': '/r

/

/7w e e
A 7/

Ins(1,2)P, / Ins(3.4.6P; Ins(1.3,4.6)P, / /’,_ Ins(1,2.4,5,6)Ps ,

- .
/

/ 4 . \ \
/ / NN 18 &

/ / yar. N /
¥ /S \a ¥
/ /

” o |n5[3 4)P / |n5(3.4.5 B'IP‘ |n5“] 234 C\]P‘
& /
/
Sy e Lo v
BlEnge o-p 2 Ins(1.2.6P Ins(1.2.56P, 1023560, PPy

Figure 1| Pathways of metabolism of inositol phosphates. This figure outiines the pathways that have been reported to
axist, using the strategies outlined in BOX 3. For many of them, we do nat know wheather they are the main pathways (indeed,
some are almost certainly not, as discussed in BOX 3). The arrows are colour-coded for the organisms in which they have been

shown [note that yeast inositol phosphate metabolism is frequently discussed in the text, but we have no separate colour for this
group of arganisms, as all the reactions described in them are probably universal).




ACCUMETPUYHAA NIOKANU3ALUA KNHOYeBbIX
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Cy6cTpatsr 1 npoaykTer PI3K:

Pl [Gassiiii > PI3P

PI(4)P |2J> PI(3,4)P2
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Cautbl gencrtemna mVps34

1. lTomomunu4eckoe criusiHue PaHHUX 3HOocoM
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2. YopmMuposaHue eHympeHHux ny3bipbkoe MIBT PI(3)P-5-K

Fab1
_@ l '

80pPMMaHHUH




KOHTpPOINb BOPTMaHHUH

KOHTPOIb BOPTMAaHHUH

BopTMAHHUH - UHrMbUTOP
akTueHocTm PI3K I un IIT

Knaccos, - noaaenseT
qpopmmposaHue MBT u
APUBOAUT K
TybynupoBaHuto
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$N-3-kuHa3a p85 orseuaer Ha aeucteue IFP, HO He KO-
nokanusyetcs C pelieNTOp-COAEPXALUMU SHAOCOMAMU.
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PerynaropHaa ponb PtdIns cea3saHa ¢ Tem, uto paa
6enkos obnanaer AomeHaMU, CNOCOBHLIMU y3HABATL UX

onpeaeneHHeIe POCPOPUNTUPOBAHHLIE (POPMLL U
peKkpyTUpoBaTbca K membpaHe B Tex camUTax, rae oHu

J1I0KAJTM30B8AHbLI
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