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OTKpbITUE NNA3MATUYECKOU MeMbpaHbr

ON BIMOLECULAR LAYERS OF LIPOIDS ON THE CHROMO-
CYTES OF THE BLOOD.

Bv E. GORTER, M.D., axp F. GRENDEL,
(From the Labovatory of Pediatrics of the University of Leiden, Leiden, Hollond.)

(Received for publication, December 15, 1924.)

We propose to demonstrate in this paper that the chromocytes of
different animals are covered by a layer of lipoids just two molecules
thick. If chromocytes are taken from an artery or vein, and are
separated from the plasma by several washings with saline solution,
and after that extracted with pure acetone in large amounts, one ob-
tains a quantity of lipoids that is exactly sufficient to cover the total
surface of the chromocytes in a layer that is two molecules thick.
Subsequent extractions with ether or benzene yield only small traces
of lipoid substances.

We therefore suppose that every chromocyte is surrounded by a
layer of lipoids, of which the polar groups are directed to the inside and
to the outside, in much the same way as Bragg (1) supposes the
molecules to be orientated in a “crystal” of a fatty acid, and as the
molecules of a soap bubble are accordingto Perrin(2).  On the bound-
ary of two phases, one being the watery solution of hemoglobin, and
the other the plasma, such an oricntation sccms a priori to be the
most probable one. Any other explanation that docs not take ac-
count of this constant relation between the surface of the chromocytes
and the content of lipoids seems very difficult to sustain.
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Glycerol

Fatty acid

Fattyacd XupHeze KucnoTter
PO4 Alcohol]
MembpaHHasa hpakums
MembpaHbI _
XXupHble MUTOXOHAPUM
KUCHNOTbI 3P Annapar NMnasmatnyeck
Nonbaxu aa membpaHa
Hapy>XHas | BHYTPEeHHAA
MupuctnHoBa 0,4 0,3 0,4 0,9 0,9
A
14:0
ManbMuTUHOB 4,0 3,6 3,1 - -
asn
16:0
NManbmuro- 21,0 18,0 26,5 22,5 31,2
oneMHoBas
16:1
CteapuHoBas 13,5 15,8 14,9 18,5 12,9
18:0
ApaxugoHoBa 15,7 18,5 14,0 14,5 11,1
fa
20:4
U,egBOHOBaFI 3,5 3,8 0,7 - -
22:




Taommia 3. PacipocTpaHeHHbIe JKHUPHBIE KHCTIOTBI B COCTABe

MeMOpPaHHBLX THITHIOB
TpuBHATEHOE Monexynapaas Tenmepatypa
Loy HA3BaHHE Macca. [a rwiasteHHd. 0
Cio Ty PHIIOBAT 200.3 472
Ciso MHPHCTHHOBAA 2284 53.9
Ciso NATEMHTHHOBAA 2564 63.1
Ci70 MaprapHHOBAA 2704 61.3
Cigo CTEeapHHOBAA 2845 69.6
Caoo apaxHHOBAT 3125 76.5
Cao OeresoBas 340.6 81.5
Caso THTHOLEPHHOBAA 368.5 86.0
Cisa MATEMHTONTCHHOBAA 2544 0.5
Cl8:l(9(\ QJICHHOBAA 2825 13.5
Cis100 ITAHTHHOBAA 2825 45
Cizam BaKIICHOBAA 2825 40
Casmy HEePBOHOBaA 366.6 425
C]g;yg. 1) JHHOIEBAA 280_.5 -5_.0
C13;3(9. 12.15) JHHOTIEHOBAaA 278,4 -10,0
Cao-45.8.11.149) aPaXHIOHOBAA 304.5 -49.5
Cosa10.131619 KTyTIaHOIO0HOBAA 330.5 45.0
ng;q.ul 10, 13,16, 19) JOKO30I€KCacHOBaA 3285 4“1
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MeTtabonuTtbl
apaxuaoHOBOM
KUCNOTbI

npocmoeasiaHOUHbI

mpomb6okcaHA

JleUKompueHbl

HewnuctBuUe

CokpauieHue 2nadKux MbiWwu,

CyxxeHue cocyodoe sie2kux, 6poHxocrna3m

PacwupeHue cocydoe u noebiweHue ux npoHuyaemMmocmu
NonaBneHune cekpeTopHOU M nponucdepaTMBHON aKTUBHOCTHU
numcpoumnTtoB

CokpauweHue a2nadKux MbiWwuy,

CyxxeHue cocyodoe sie2kux, 6poHxocrna3m
Xemomakcuc u adze3usi 1elikoyumos

MoBblWweHMe arperauum N aKkTUBaUusa TPOMOOLMTOB

CokpauweHue 2nadkKux Mbiwy, 6poHxocna3m

PacwupeHue cocydoe u noebiuieHue ux npoHuyaemocmu
MoBbiWeHne cekpeuum Criusum

lNoBbiWeHUe peakTUBHOCTU OpPOHXO08

Xemomakcuc u adze3us 1eukoyumoe

lNodaeneHue cekpemopHOU u nposiughepamueHoOl akmueHocmu
numgoyumoe
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Transient PS exposure by differentiating myoblasts in mouse embryos.

Stefan M. van den Eijnde et al. J Cell Sci Joumal of

2001;114:3631-3642 Ce" SC|enC6
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PyHKUUU  pocPpaTuamncepuHa

Mapkep membpaHbI aNONTOTUYECKOU KNeTKU
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Name of Net charge
glycerophospholipid Name of X Formula of X (at pH 7)
Phosphatidic acid — —H -1

-
Phosphatidylethanolamine Ethanolamine — CH2—CH2—NH3 0

+
Phosphatidylcholine Choline — CH2—CH2—N(CH3)3 { B 0

+
Phosphatidylserine Serine —CH z—i H—NH3 -1
00~
Phosphatidylglycerol Glycerol —C Hz-?" ~—CH2—OH -1
OH
Phosphatidylinositol myo-Inositol 4,5- -4
4,5-bisphosphate bisphosphate

Cardiolipin Phosphatidyl- -2

nusodgocconunmnabl

glycerol
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CopuHronunuAasr

Name of sphingolipid Name of X—O Formula of X
Ceramide — -1 e -;":“-,. B e
Sphingomyelin Phosphocholine — r—o— CH,—CH, —lﬁ(CH,)3
o-
uepebpo3nabl AR
0,
Neutral glycolipids H/H
Glucosylcerebroside Glucose M M
H
OH Cd)VIHI'OI'ﬂVIKOHVIHVIAbI
H OH
Lactosylceramide Di-, tri-, or
(a globoside) tetrasaccharide
raHrneo3ngbl

Complex
oligosaccharide

Ganglioside GM2

Eliiswa 1 1D
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HOH

R= HOH

H,OH

|A) galactocerebroside (B) Gum: ganglioside (C) sialic acid (NANA)



APP Protein Fragment

GM1 Ganglioside A N -, pad GM1 Ganglioside

Membrane
Bilayer




[ pynnbl KpoBU (CnUcTtema
ABQO) onpenensitoTcs
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KOMMOHEHTOM
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O Antigen

A Antigen

B Antigen
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NMpokapunoTbl:

HeT xonectepuHa

TonbKO rMUuUepor
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NunuaHbIU coctae onpepensetr PopMmy membpaHLI

Uunuupp e Flat membrane IRRRRRARRARAS
* Phosphatidylcholine : : AV,
* Phosphatidylserine Y - 199 RoRaRROReS

E £ _; I ﬁ AN |:' AN :’
KoHyc Negative curvature |Flat Positive

* Phos hatldylethanolamlne
* Phosphatidic acid —'%ﬁﬁﬁ\
OBpaTHbIN KOoHyC Positive curvature

R L\

Harayama T, Riezman H. Nat Rev Mol Cell Biol. 2018. doi: 10.1038/nrm.2017.138.

Negatlve




TEeKy4ecTb
Unsaturated

i

Fluid

- W

Non-fluid

Sterol

Harayama T, Riezman H. Nat Rev Mol Cell Biol. 2018

NTunuaHeIu coctas onpepenseT pusmuveckue
CBOUCTBA MeMbpaHLI
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NunuaHbIU cocTae onpepenseT gpuU3UYecKue CBOUCTBA

mem6paHsbI
b thiavinie
Raft formation is a result of
domain preferential interaction
formation between sphingolipids and
sterols.
conical cylindrical ko Lipid shape is determined

’ conical : 2
: - by the ratio of the size of

lipid ” - the headgroup and the
shape R . surface area covered by
ph S o the hydrocarbon chains.

Membrane curvature is

curvature ”f. ‘C induced by the shape of
?\‘ the lipids.

higher 4 lower Higher lateral pressure is
m < S R g caused by repulsive forces
lateral D) in the hydrophobic core of
pressurew j\ g the bilayer, primarily
——— - caused by conically shaped
'""'-'-'-'-‘-""" lipids.
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NUNUAHBIW COCTAB
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Ta6nmya 10.1. NMpUmepHbIA TMNUAHBIA COCTAB Pa3IMYHBIX KNETOYHbIX MembpaH
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AcummeTpus membpaH




BHewHAs cTopoHa MmemMbpaHbl OTNMYaeTCA OT BHYTPEHHEN
No cocTaBy NMUNMAOOB

Percent of
total
Membrane membrane Distribution in
phospholipid phospholipid membrane
Inner Outer
monolayer monolayer
100 0 100
1 1 | I 1 I | I I
Phosphatidyl- 30

ethanolamine
Phosphatidylcholine 27

Sphingomyelin 23

Phosphatidylserine 15
Phosphatidylinositol

Phosphatidylinositol

4-phosphate 5

Phosphatidylinositol
4,5-bisphosphate

Phosphatidic acid
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Ckpambrna3sa

Blood coagulation Macrophage

f
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Benku membpaH % ’W

10 aMUHOKNCIOTHbIX
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1. Perynauua sogHoro obmeHa knetku: o6bvem u Typrop.

2. Perynauusa pH: 3akucneHue u 3auwenaymsaHue.

3. Perynauua woHHoro obmeHa (obmeH conei): uUsmeHeHue
BHYTPUKIETOYHOrO MOHHOIrO COCTABA U KOHLEHTpauuu.

4. CospaHue U uU3MeHeHWe MeMOpaHHLEIX noTeHUManos:
noTeHUUaANn noKoA; B BO3GYAUMBIX KNeTKaxX - JOKasnbHbIe
noTeHUUansr, NOTeHUUan AeucTeus.

5. TlposepeHue B036yxaeHUs B BO3byAUMBIX KneTkax:
obecneyeHue ABUKEHUS HepBHLIX UMMYJSLCOB.

6. TpaHcAykUuua B CeHCOpHLIX pelenTopax: npeobpasosaHue
pasapaxeHus (ctumyna) B Bo3byxaeHue.

7. Tlepenaua curHanos.

8. MeXKknetouHbIe KOHTAKTbI.



[NepemeweHne 6enkoB B MembpaHe

H-2 mouse HLA human
protein protein

Mouse cell Human cell
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lNMepemeweHne 6enkoB B MeMbOpaHe
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lNMepemeweHne 6enkoB B MeMbOpaHe
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lNMepemeweHne 6enkoB B MeMbOpaHe

A. Cytoskeletal B. Directed C. Transient D. Random
confinement motion confinement diffusion

© Elsevier. Pollard et al: Cell Biology 2e - www.studentconsult.com



Knactepusauusa 6enxkoes Ha membpaHe

@ @3

B3anMoneiicTBre ¢ B3aumoneiictue ¢

OHUTOCKECICTOM MaTpuKCOM
protein A
|_ tight
junction
protein B
dopmupoBaHue

MCKKJICTOYHOI'O KOHTAaKTa

/

basal lamina



’TamoporaHmsau,Mﬂ

MexaHu3Mbl noaaepxaHmna AOMeHOB B MeM6paHe

| oKasnbHbIN diffusion
BE3UKYNAPHbLIN| barrier \',—-——
TpaHcnopT
slow
diffusion

focal
exocytosis

focal
endocytosis

OrpaHuuyenve | . & = @ o
MNOOBMKHOCTM 1 i e
& [ &
|
* il NS
SO tight
v junction
apical e  mm—— s
CBs3b C JULUG
Genkamu OO GO
AR AR " AR AR AR AR " AR |
basolateral
AKTUBHbIN
TpaHcnopT
BOOMNb
MUKPOTpPYDOYeK

William S. Trimble, and Sergi

JlokanbHOE pacnpeneneHne -
W aKTUBHOCTb (DEPMEHTOB | /" ")

.'7 -1,‘ Y —l,.




MukpoaomeHsr nnasmatTuveckou membpaHsbt
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YnopagoyeHHble, HaHopa3s-
mMepHble (10—200 HM), reTeporeHHble, BLICOKO AMHAMUYHbIE
OOMEHbBI, KOTOPble KOMMapTMEHTaNM3yT KNeToYHbIE Mpo-
Llecchl.
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Downstream Signals



MukpoaoMeHLI NNAasmaTU4eckou membpaHsr

JInnnaHble NNoTbl
— 40-300 H™m («3abop Cc nnukeTammny)
— 2-20 HM coBCTBEHHO MIOThbI
— 3-10 HM AnHamMmun4yeckne 0enkoBble KOMMIEKCHI
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«MukpogomeHobpasytoLine denkmny»

KaBEOIMHblI
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KaseonuHbl
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[domeHrz, oboraueHHbIe TeTpacnaHUMHAMMU

lMnazmamuveckan
membpana
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TerpacnanuHbl

[OVHaMN4YHbIE CTPYKTYPbI
CTabunnanpyrotrca npu BzammopencTamn (0enkoB-napTHEPOB) C NuraHaamu
YyacTBylOT B NPOAYKLUNU 3K30COM

36o0poBckas u gp., 2016
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P noTunnNUHLL
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O6HoBneHWe NNasmaTU4eckou membpaHLI
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Penapauuﬂ nna3mMaTu4ecKom MeM6paH bl.
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Pore-forming toxin z ESCRT-lll and Vps24

R0 N { ALG2 and ALIX
Qo8 0 Lipddomains Eux ESCRT-lll-mediated
: recruitment
1-Clogging ’ e
1- Clogging by annexins other protiens O T s i Caveolae mediated
'2-Shedding (unknown mechanisms). ey T e Y SHOCYoNS
el . - (caveolin recruitment)
’ Edge protiens
(PS, dysferdin, MG53,
Full length and
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2-Endocytosis Synaptotagmin or
Lysosome g Synaptotagmindike
proteins Extraceliular medium
1-Exocytosis m::
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Calcium entry
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Current Opinion in Cell Biology 2017, 47:99-107
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Penapauus nnasmatM4yeckon MemMopaHbl.

Plasma membrane (PM) ® . '. c dysferfin

Ca?* influx from membrane injury
activates local calpains }

MG53 arrives at injury
sites within 2 seconds,

ﬂ;%

Calpains cleave dysferlin, releasing a synaptolagmn-lke
C-terminal module with two C2 domains.

Which pool of dysferlin is recruited for
membrane repair?

Dysferlin vesicles undergo
Ca?*-regulated integration
at injury sites.

o oot Al 90 seconds post-injury, lesions are filled in
At 10 seconds post-injury, dysferfin and MG53 andarecharag;izes”t‘v/yado inent arc.of
intensly label the edges of the lesion, dysferlin and MGS53.

in Cell Biology 2017, 47:99-107



ByHKUMU MembpaH

paHuUa KneTKu
PopmMmunpoBaHue BHYTPUKNETOYHbIX KOMNApPTMEHTOB

Co3pgaHue bapbepoB — nogaepKaHue NOCTOAHCTBA BHYTPEeHHeN cpeabl

TpaHcnopTHaa PyHKUUA: TPAHCNOPT UOHOB, MAaKPOMONEKY
PeuentopHasa dyHKUuUA

B3anmoaencrTBue KrneTok

JHepreTuka



