[TpeomeT 1 3apgauu
MOJeKynsApHOU buonormu.
MoneKkynspHble MexaHU3Mbl
KNeTOYHbIX PYHKLUMN.



[lpeameT MmonekynapHas

ononorusa

LlutTonorn n MukpoaHaTtomMmbl CTanwu
3aHUMATbCS KI1eTOYHOU DMoxumMmumen v
KITeTOYHON MOSEeKynsipHOU duonoruen.

e TpexmepHasa KOHopmaLuus
* DNEKTPOHHbLIN MUKPOCKOT
e PazButne meto4oB UMMYHOJOMMHU

 Acnonb3oBaHUe aHTUTen No3Bosfinmno

ncecernenoBatb BHyTpeHHee coaepxmmoe
KITeTKUA



Puc. 3-4. TpexmepHas MOAeDb AAPa KJIETKH MJIEKOIHTAIO-
uiero. TIpu aneKTPOHHON MMKPOCKONMH BHJHA reTepore-
HOCTh Pa3/IMYHBIX YY4aCTKOB siapa u sapbimika (AIII). TToxa-
sanbl yyactkn [HK, noasepraomuecs TpanCKpuImimi,
M CKOILIeHHs rpanyn untepxpomaruna (UT), B KoTOpHX
rpasckpumims JIHK nposcxoauT oiHOBpeMeHHO co Cruail-
cuarom npe-mPHK (IID — nepuxpomatusubie (ubnuis
ant). (Bocnponssesieno us: Spector DL. Macromol
domains within the cell nucleus. Annu Rev Cell
1993;9:302; ¢ paspemenusi Annual Review of Cell Bil
Volume 9, © 1993, by Annual Reviews, Inc.)

- JocTmxeHns Hayku

e Pusunveckasa un
MoreKynsapHas
onoxmmmnsa oTkKpbina
NyTb K TOHUMaHUIO
TpexmepHou
KOH(hopMaLuun
MOJIEKY,
KOHTPONMUPYOLKNX
aKTUBHOCTb KIEeTKM!.



[JOoCTXXeHnsa HayKn

e C paspabotkou
3NIEKTPOHHOrOo
MUKpoOcCKona
ucrnonb3oBaHUe
3NeKTPOHHbLIX fy4yen
CTario CTOJb Xe
Ba)XXHO B NMOJIy4eHUu
n3oodpaxeHus
KNeTOK, KaK "
ucnonb3oBaHUe
CBETOBbIX BOJIH.




— Production of Monocdonal Antibodies
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e PazButue metonoB
UMMYHOJSIOruun
NO3BOJINMO MOHATb
npouecchl
B3aMMoOeucTBuUSA
aHTUreH—aHTUTEeNo U
caenaTtb OTKpbITUe, YTO
aHTUTena MoryT TOYHO
pacno3HaBaTb
MONEKYNbl BHYTPU
KINeTKMU.



[JOoCTXXeHnsa HayKn

* Acnonb3oBaHue
aHTUTEen No3BOoNUII0
LuuTonoram
uccrnenoBaTb
BHYTpPEHHee
cofepPXXNmMoe KreTku
crnocob6amm,
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UcTtopua passutuna Mb

e CerogHsa onsA N3y4yeHunsAa NioKkarnim3aumun, BeJiminHbl U
B3aMMoO4enCcTBUA Jaxe KPOXOTHbLIX KOJIN4YeCTB
OenkoB B Pa3HbIX oTAeJNaX KINeTKN NMPUMEeHAIoT
dHTUTEera.

e TpyAHO OLEHUTb KaKOU-NTMOO KPYyNHbIU CKA4YOK B
OMoOXuMuUNn, reHeTuKe, UMMYHOJSIOrMn, aMOpPUNONIorun
unmn nsnvyeckKkon XMmmmn Kak Hamodoree peLlaroimm
Ons KnetoyHou ovonorumn

e Ho ecnu n 6b1N10 4OCTMXKEHUE, paBHOE CO34aHUIO
MMKPOCKONA, TO 3TO — MCMNOSfIb30BaHUE aHTUTenN A1
naeHTnuKaumm, noKkanmsaumm m NnpocnexmBaHnsa
CcyAbObI perynaTopHbIX 0enKoB BHYTPU KIEeTKM.



UcTtopusa paseutua Mb

Hela — KynbTypa KneTok

BbINO NoKa3aHo, YTo
oTAeNbHbIe TUNbI KNeToK
MJ1IeKONMUTALWMNX MOXHO
BblpaliMBaThb B J1aOOpPaTOPHbIX
YCJTIOBUSAX.

IJTY TEXHONOrn0, HasbiBaemMyro
KyNbTYPOU TKAHEWU U KINeToK,
cTanu NpUMMeHATb Ans
BblpaliMBaHUSA KNETOK BCeX
OpraHoB, BKNO4Yas KOXY,
neyvyeHb, NOYKY, rMnodus,
MbILILY U OaXe HeKOTopble
TUNbI KNETOK HePBHOWU
CUCTEMDI.



UcTtopua passutuna Mb

e PazBuTne 3TON TEXHONONMM OTKPLISNO NYTb K
3KCnepumMeHTaM, B KOTOPbIX A5 KI1eTOK
MoAenMpoBanu ycrioBUA OKpyxaroLieun
cpeAabl.

e C ncnonb3oBaHMUEM KYJbTYpPbl KIeTOK MOXHO
MCKYCCTBEHHO MEHATb HOPMarlbHble
domnsnonornyeckume ycnosus. Takmm
CNOCOOOM MOXHO U3YYNUTb pPeaKLuU IO KIeTKU B
TeX cnydasx, korga nsydyeHue Takon peakuumu
HEeBO3MOXHO NMPU HaXOXOEeHUW KNeTOoK in situ



UcTtopua passutuna Mb

bbina HakonneHa nHpopmaumusa o TOM, Kak
KNeTKU B3aMmMoOeuCcTBYHT OpYr C APYrom

C ucnonb3o0BaHEeM KIeTOYHbIX KyNnbTyp ObIfo
YeTKO AOKa3aHO 3Ha4YeHue MoJleKy’
BHEKIeTOYHOro MaTpukca Aans pocta u
B3anMOOeUCTBUSA KIEeTOK.

Ctanu paclumpaTbCca npeacTaBneHus

O AeNleHUM KINeToK U MoneKyrnax, KoTopble ero
KOHTPONUPYIOT,

O CTapeHWUU KNeToK U

Pa3imnyuinax mexay HopmMmalsyibHbIMU KIieTKaMn U
KNneTKaMUn onyxorsieu.



UcTtopua passutuna Mb

e C NnOMOLWWbLIO aHTUTES U KYNbLTYPbl KNETOK
LUTOSIOrM MOryT onpeaennTb, Kakme
MOJIEeKYNbl OTCYTCTBYHOT, Ae(PeKTHbI Unun
rmrnepakTUBHbLI NPU HapyLUeHUn
«counanbHOro noBeaeHUsI» KneTok.

 MoneKkynbl y4acTBYIOT B (DYHKLUMN KIETKMU,
LLUTOSIOr MOXET BblAESNIUTb OTAENbHYIO
hyHKLMIO, MOJIEKY1a 32 MOJIeKYJion, u
N3yuYUTb AeTanu Kaxxaoro B3auMoaeucTBuA,
O YeM Hesnb3A ObINo U MeYvTaTb ABa UNU TPU
AecATuneTus Hasag



UcTtopua passutuna Mb

e Bonee Toro, B nocnegHue 10 net
CTasio BO3MOXHbIM BCTpauBaTbh
reHbl B reHOM XUBbIX MbILLUEW
(nony4yas Tak Ha3biBaeMbIX
TpaHCreHHbIX MbllLEeW) N n3y4vaTtb

nX PYHKLMUIO.

e JTa TeXHONOrnA NpPosrioxuna
AOPOry K CO34aHUI0 XXUBOTHbIX,
UMerLWnX 3apaHHble aedeKTbl, U
K U3y4YeHUI0 nx (peHoTUNa Kak B
pa3BUTUN, TaK U BO B3POCSIOM
COCTOSIHUMW.




UcTtopua passutuna Mb

 KpomMme TOro, nyrem BBegeHus
oTAeNbHbIX OHKOreHOB B
onpepeneHHbIe KIeTKu ctarno
BO3MOXHbIM Mosiy4yaTb U3 3TUX KNEeTOK
onyXonu n npMBMBaThb UX (ONyxornu)
XXUBOTHOMY UJIN U3yYaTb B KyInbType
TKaHMU.



UcTtopusa paseutua Mb

e Henb3Aa He NnoAYepPKHYTb, KAK MHOro
Hopmaunm o PyHKLUAX
yenoBe4YeCKUX KNneTokK ObIno
Nnony4yeHo npu Nly4yeHMn MeHee
CJT0XHbIX OpraHUM3mMoB.

 MbI npuBegem Tpy pasnnyHbIX
OpraHM3mMa v onuLieM, Kak KaxxabIn n3
HUX NCNOJNb30BarCH.

e [lepBbIMM AOMKHbI ObITb YNIOMAHYTbI
KINEeTKN OpoxoxKen; OHN OCOOEHHOo
NMOMOINU NPOSIUTb CBET Ha
MOJEKYNSAPHbIe COOLITUA KINEeTOYHOro
LIMKNA, TaK KaK C ApOoX>KaMu Jierko
MaHUNYNNPOBaTb FEHETUYECKU U
BbipawmBaTb UX B nabopaTtopumn.




UcTtopua passutuna Mb

— DNA Cloning

Vector DNA Foreign DNA Fig.3.24 The DNA sequence
(e.g., plasmid from to be cloned is integrated in a

E. coli) vector DNA (plasmid, bacte-
riophage genome). This vector

is then transferred into a host
bacterium, e.qg., E. coli, for iden-
tical replication.
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 Acnonb3oBaHue

NnpoKapuoT Ans
MMnnaHTauum
HeoOXoaAUMbIX
reHOB XUBOTHbIX
KNeToK.
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UcTtopua passutuna Mb

* KMHazbl n umknmHel (cyobeanHuubl 6enkKkos,
CUHTE3 U pacnag KOTopbIiX yBerin4inBaeTcs U
YMEHbLUAETCA B Te4YeHMe KreTOYHOro uukKna)
— OCHOBHbIEe MOJIeKyIbl, KOTOpble
PYKOBOAOAT KNETKOU Ha BCEM NPOTAXKEHUMN
HUUKna.

 I3yuyeHne 3aTUX MONEKyn cbirpano
CyLleCTBEHHYI0 porb B (popMUpoOBaHUU
COBpPEeMeHHbIX NpeacTaBNeHUN O TOM, Kak
pa3BMBalrOTCA KNEeTKU MieKonutaLwmux B
Te4YeHue KNeTo4yHoro uukKkna.



UcTtopua passutuna Mb

IpoxKeBble KNeTKMN TaKXe cTariu OCHOBHOM
MoAenbio ANA uccnenoBaHus
MOJIEKYINAPHbLIX OCHOB CeKpeLuMm:

° NyTW NepeaBUXeHUs1 BHYTPUKINETOYHbIX
BE3UKY,

°* COPTUPOBKA OENKOB U
e OMoreHes opraHenn

ObINN NOHATBLI ONnarogapa NCNoSib30BaHUIO
APOXKeBbIX KIEeTOK.



UcTtopusa paseutua Mb

[1Ba abCconTHO pa3HbIX 6€CNO3BOHOYHLIX OopraHu3ama, Caenorhabditis
elegans (Hebonblwasa HemaTtona) u Drosophila melanogaster (nnogoBas
MYLUKa), CRyXaT OTNIMYHbIMU MOAENAMU ANnA:

U3yYeHUs1 Ppa3BUTUSA KIETKMU,

opraHoreHe3sa,

nporpaMmmMupyemMomn Krneto4yHou CMepTu 1
MOJEKYNSPHON reHeTUKU NoBeAEeHUSA KINEeTKMU.

Bpaqu MOMEHTaNIbHO OLleHUSIU BaXKHOCTb HOBbIX 3HAHUU O beHKLWII/I
KINeTKU, Nnony4eHHbIX Ha HemMaToade Uinu nnoaoBou MyLWiKe, U UMeloT
OonblLuoOe 3HaYeHue Anss NOHUMaHNA NoBeAEeHUS YerloBe4YeCKUX KIeToK.



UcTtopua passutuna Mb

 Ponb nnogoBon MyLKU B yrnyorneHnmn Hawmx 3HaHUU
O paHHUX CTagusaX pa3BUTUSA N IMOpUoreHesa dObina
oTMe4yeHa npucyxageHmem HobeneBckon npemun
Christine Nusslein-Volhard (Ffepmanus), Eric
Wieschaus (CLUA) u Edward Lewis (CLUA) (1995).

B KOHEYHOM UTOre Bce ayKkapuoTu4eckme KneTku
NCNONb3YHOT CXOAHbIe MOJieKysibl AN BbINONHEHUS
OAWHAKOBbIX (hYHKLUN;

°* TaKum obpa3om, Mbl BCe B3aMMOCBS3aHbl U,
BEPOATHO, OObeauHEeHbl OOLKMM NMPOUCXOXAEHUEM.
Yem nydwe Mmbl NOHMMaeM CTPOEHUue NPocCTbIX
cucTtem, Tem bonblue Mbl y3HaemMm o0 camux cebe.



3anaun Mb

Chrofmatin —

Appo: cuHTe3 OHK n Tenomepasa

fAapo: akcnpeccusa reHoOB U TPAHCKPUMNLUMOHHbIE
dakTopbl

LnTonnasma:obpa3oBaHMe 0erikoB — TPaHCNALMUA,
doonguHr, moandunkaums

BuomemOpaHbI: CTPYKTYpa U y4acTue B MeXKNEeTOYHbIX
B3auMOAEeNCTBUAX

I'Iepep,atla BHELWWHero CurHasia B KJieTKky "
BHYTPUKNEeTO4YHbIe MeAnaToOpPbI

Y3en npobnem: KrneTo4yHbIU LUKIT, aronTo3 U OHKOreHes



3anaun Mb

e Tennomepa3sa —
cneuyuanbHbIN pepMeHT
Mcnonb3yrLwmnuca ans
nopgaepXaHua OJfINHbLbI
TenomepHoun [1HK u
yanuHaeT G-uenb Kaxaoun
Tenomepbl.

e TpaHCKPUNLUUOHHbLbIE
chakTopbl — ITO OEenku
¢ (TBP — TATA Binding
?\ I \ \ Protein u TAF —TATA
%, P 5, () & Association Factors)
HeoOXxoaoumble OnNSA
TPaHCKpUNLUuu
OOnbLUMHCTBA reHoB.

Histone modfcaton Transcriptional
complex activator

iy

Nucleosomes




3anaum Mb

COoOopka
nporTeHa

Ha pMOoocome:
M3 4
oOTAEeNbHbIX
SMHMHOKMCNOTHBIX
OCHOBaHMKI, No
SMHCTRYKUMK =
PHEK

Ha pybocome
cobupaeTCca
<HMTKa» NPOTEMHAa

v
Prnoocorma

B  ®onauHr- cBopavymBaHue
S nenTMAHOU Uenu B
npaBUNbHYIO
TPeXMepHYI0 CTPYKTYpPY
D, n obbeauHeHue
HeCKOnbKUX cybobeanHuL
creente SRS 7T benka B eaunHylo
MaKpoMoneKkyny.

@ ongMHr NporemHa
B OpraHMsmMe:
nocne sasepw eHma

CTEEHHYHOD
CTRYKTYRY

NMporenHbl
MOryT
«CBOpaYHMBaTbCcA»
B pasnMuYHbIE
TpexXmMepHble
CTPYKIYPbI:
NMPOCTRPAaHCTBEEHHAaA
doprma NpoTerHa
obycnosneHa
ero ¢ yHEKUMER



3agaum Mb

e MeXKrneTo4yHble B3auMoaeucTBus — obpasoBaHue
KNeToK Apyr C ApYyromM unun ¢ BHEKNeTOYHbIMU
CTPYKTYpPaMn OTHOCUTESIbHO NOCTOAHHbLIE KOHTAKTbI.



3anaun Mb

MeXKneTouyHble KOHTaKTbl

KoHTaKTbl npocToro Tuna (MexXkneTo4Hble
cCoeAUHEeHUs U UHTepaUrMTaLunn)

KoHTaKTbl ckpennswwero tuna (4eCMoCOMbI
N aare3uBHbIN NMOSICOK)

KoHTakTbl 3anupatrouiero tuna (NSIOTHOE
coeAnHeHue)

KoHTaKTbl KOMMYHMKALMOHHOIO TUNA
(weneBuaHbIE cOeANHEHUSA! U CUHANCbI)



3anaun Mb

e BHYTpUKNEeTOUYHbIE MeauaTopbl — BellecTBa,
npoBoasiLime cUrHan m3s niasmMosieMmMbl K
cneunanbHbIM PErynaTopHbIM Oerkam,
B3aMMoOencTBYHOLWUM Ha pepMeHTbI
MeTabonmama unu Ha reHbl (4Yepes
nocpeacTBO TPACKPUNLUUOHHbIX hakTOpPOB)

e K HUM oTHOcATCA: uMknnyeckun AMO
(LAM®) , npocTarnaHAuHbI (MPOU3BOAHbIE
apaxuaoHoBom kucnotbl), uFM®, noxsl Ca?*,
nHosntgocdarnabl, okcua asora (NO), Ras-
6enokK un gp.



(a) Endocrine signaling (b) Paracrine signaling

Blood vessel

Hormone secretion

. 2 , S t Il Adj t t cell
into blood by endocrine gland Distant target cells i asRnLIEgeres
(c) Autocrine signaling (d) Signaling by plasma membrane-attached proteins
Key:
g Extracellular signal
o Receptor
Membrane-attached
signal
Signaling cell Adjacent target cell

Target sites on same cell

A FIGURE 20-1 General schemes of intercellular signaling
in animals. (a—c) Cell-to-cell signaling by extracellular chemicals
occurs over distances from a few micrometers in autocrine and
paracrine signaling to several meters in endocrine signaling.

(d) Proteins attached to the plasma membrane of one cell can
interact directly with receptors on an adjacent cell.



3anaun Mb

) e KneTtoyHbIN UMUK -
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Mild convolution
Chromatin
compaction and
segregation
Condensation of

cytoplasm

A
Nuclear
fragmentation
E -
Blebbing
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Cell fragmentation

Phagocytosis

Apoptotic body
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3anaun Mb

ArnonTto3 —B KNneTKe
3anyckaeTcs
MeXaHU3M
CaMOYHUUTOXEeHUA



— Immunological Cell Death

a b C d e f
Cells (e.q.,
Activated Antigen— macrophages)
macrophages, antibody CD4" and CD8™
monocytes, complex T cells with
other cells * TNF-family ligands,
+ e.g.,Fas/APO1  Normal  Cortico-
CR8 Teels ligands cells steroids

Complement

activation
(Iytrc complex)
Membrane FAS/ Cortico-
APO1-
‘ attack ligand steroids /  DNA-
02 radicals complex  Granzyme perform damage
Nitrous oxides (MAC) Blocked or
Perform missing Cortico- J
‘ C9 poly- olymerization FAS[ ~ survival steroid-
merization APO signal %R receptor AP>°
Target cell Pore formation \ j / /
Membrane damage Apoptosis «— |1 converting enzyme (ICE)

(inhibited by Bcl2)

Fig. 217 Oxygen radicals and nitrous oxides (a), MAC resulting from complement
activation (b) and perforin (c) all cause membrane damage which results in cell
death. Ligand binding of Fas/APO (d), interrupted signal receptor conduction (e),
corticosteroid binding to receptors and intracellular structures (f), and DNA da-
mage (g) all result in alterations of intracellular signaling cascades and lead to cel-
lular apoptosis. (Fas = F antigen; APO = apoptosis antigen; TNF = tumor necrosis
factor; Bcl2 = B-cell leukemia-2 antigen [a protein that inhibits apoptosis].)



3agaum Mb

* OHKOreHes — KneTkKa
noaBepraeTcs
onactrpaHcdopmauum,
T.e. NpeBpaLjaeTcs B
OMyXOneBYIO KIETKY.




3Ha4yeHue meMbOpaH B
PYHKUMOHUPOBAHUN KINETOK

ALPA L ROTOIN

SEGUINT OF mieme
LPHASEL X PROTEN ’Z'_:;

NnasmaTnyeckas
MemMOpaHa - bapbep,
KOTOPbIU

OKpyXaeT umtonina3my,
onpeapensasa rpaHUubl
KITeTKW.

COAEPXUT MOJEKYnbl,
KOoTopble nepenaroT
CUrHanbl C Hapy>XXHOW
CTOPOHbLI KIeTKU B
uuTonsiasmy u K
BHYTPUKIETOYHbIM
opraHennam.
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FIGURE 4.1 The trilaminar appearance of membranes. () Electron mi-
crograph showing the three-layered (trilaminar) structure of the
plasma membrane of an erythrocyte after staining the tissue with the
heavy metal osmium. Osmium binds preferentially to the polar head
groups of the lipid bilayer, producing the trilaminar pattern. The ar-
rows denote the inner and outer edges of the membrane. () The outer
edge of a differentiated muscle cell grown in culture showing the simi-
lar trilaminar structure of both the plasma membrane (PM) and the
membrane of the sarcoplasmic reticulum (SR), a calcium-storing com-
partment of the cytoplasm. (A: COURTESY OF J. D. ROBERTSON; B: FROM
ANDREW R. MARKS, ET AL., J]. CELL BIOL. 114:305, 1991; BY COPYRIGHT PER-
MISSION OF THE ROCKEFELLER UNIVERSITY PRESS.)




KneTo4yHble opraHennbl U Ux
byHKUUMN

OpraHenna | Mapkep OcHoOBHbIe PYHKLUUMU

Anpo OHK XpOMOCOMbI

MecTto cuHTe3a PHK Ha maTtpuue
OHK (TpaHckpunuusa)

MutoxoHa |InytamaTtpger |LIMKN NMMOHHOM KUCRNOThI,

pus naporeHasa |OKUCNUTeNbHOe
docchopunmpoBaHume
Puoocoma |Bbicokoe MecTo cuHTe3a benka

copepxxaHue |(TpaHcnsauua ¢ MPHK Ha 6enok)
PHK




KneTouyHble opraHennbl U UX PYHKLUN

OpraHenna Mapkep OcCHOBHbIe (hyHKLUMN

dHuponnasmatn- | MMOKo30-6- Pnb6ocombl cBA3aHHble C MEMOpaHOU —

YyeCKumn ¢docaTasa rmaBHoOe MeCcTO CMHTe3a Oerka

PEeTUKynym CuHTe3 pa3nnyHbIX NMNUAOB
OkucneHme MHOrmMx KCEHOOMOTUKOB
(umToxpom P450)

Jlnzocoma Kucnas MecTo pacnonoxeHnsa MHOrMx rugpornas

¢doccarasa (dbepmeHTOB, KaTaNU3NPYHOLLNX peaKkuuu

pacnapa)

NMnasmatnyeckana | Na+,K+, AT®Pasza | TpaHCNOPT MOMEKYs BHYTPb KINeTKU U

mMembpaHa 5-Hykneotugasa | Hapyxy
MeXKneTo4Hble aare3va un
B3anmMogeucrteue

Annapart NanakTo3unTpaH- | BHyTpuUKNneTo4YyHasa copTUpoBKa

Nonbaxu ccpepasa (komnapTMeHTaumna) 6enkos

Peakuuu rmmko3MnupoBaHus
Peakuuu cynbcatnpoBaHus




KneTo4yHble opraHennbl U UX
dbyHKLUU

Opranenna |Mapkep OcHOBHbIe (PYyHKLUMN

Nepokcucoma | Katanasa PaspyuweHue onpeaeneHHbIX XXUPHbIX KACNOT
Okcupasa N aMUHOKUCTIOT
Mo4YyeBOM NMpousBoacTBO M pacLyensieHne Nnepekucu
KUCROTbI Bopopoaa

LinTockenert HeT MukpodunameHTbl, MUKPOTPYOOUKM,
cneundpmnyecKknx | NPOMeEXyToUHble (purnamMeHTbI
hepMeHTHbIX
MapKepoB

LiuTosonb NNaktatpoernppore | PepMeHTbI FMMKONIN3a U CUHTE3a XXUPHbIX

Ha3a

KUCcnort




[MpHUMNbLI CTPOEHNA MeMOpaHbI

MemOpaHa cocTouT n3 6enkos
U NMNnaoB

NMpUHUMUNBLI CTPOEHMUS:
MemOpaHbl He O4HOPOAHbI
MHorne KOMNoOHeHTbI

MeMOpaH HaxoaATCH B
COCTOSIHUM HenpepbIBHOIO
OBWXEHUA

KoMnoHeHTbl MeMOpaH
ype3BbIYauHO
aCCUMETPUYHBLI

B. MemGpanubie 6enkn
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HOURE 4.4 A brief history of the structure of the plasma mem-
brane. (@) A revised 1954 version of the Davson-Danielli model
showing the lipid bilayer, which is lined on both surfaces by a
monomolecular layer of proteins that extend through the membrane
to form protein-lined pores. (4) The fluid-mosaic model of mem-
brane structure as initially proposed by Singer and Nicolson in
1972, Unlike previous models, the proteins penetrate the lipid bi-
layer. Although the onginal model shown here depicted a protein
that was only partially embedded in the bilayer, lipid-penctrating
proteins that have been studied span the entire bilayer. (¢) A current
representation of the plasma membrane showing the same basic or-
ganization as that proposed by Singer and Nicolson, The external
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surface of most membrane proteins, as well as a small percentage of
the phospholipids, contain short chains of sugars, making them gly-
coproteins and glycolipids. Those portions of the polypeptide
chains that extend through the lipid bilayer typically occur as o he-
lices composed of hydrophobic amino acids, The two leaflets of the
bilayer contain different types of lipids as indicated by the differ

ently colored head groups. The outer leaflet is thought to contain
microdomains (“rafts”) consisting of clusters of specific lipid species.
(A FROM |, F. DANIELLL, COLISTON PAPERS 7:8, 1954; A: REPRINTED
WITH PERMISSION FROM S, . SINGER AND G, L. NICOLSON, SCIENCE

175:720, 1972: COPYRIGHT 1972, AMERICAN ASSOCIATION FOR THE AD
VANCEMENT OF SCIENCE. )
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FIGURE 4.9 Liposomes. () These liposomal vesicles, which range in di-
ameter from about 40 to 100 nm, contain the anticancer drug doxoru-

Protective layer » __— " . i - - v
of polyethylene ‘ bicin. At high concentration, doxorubicin sulfate forms insoluble gel
glycol : / < Antibody

A\ fibers, seen as dark bands within the vesicles. The walls of the lipo-
somes consist of a single lipid bilayer as shown in the inset. (4) A
schematic diagram of a stealth liposome containing a hydrophilic
polymer (such as polyethylene glycol) to protect it from destruction by
immune cells, antibody molecules that target it to specific body tissues,
a water-soluble drug enclosed in the fluid-filled interior chamber, and
a lipid-soluble drug in the bilayer. (A: COURTESY OF P. M. FREDERIK.)
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FIGURE 4.10 Two types of linkages that join sugars to a polypeptide
chain. The N-glycosidic linkage between asparagine and N-acetyl-
glucosamine 1s more common than the O-glycosidic linkage be-
tween serine or threonine and N-acetylgalactosamine.




BaxxHenwmne pyHKUMn memopaH

e KOHTpOsbL cocTaBa BHYTPUKITIETOYHOM
cpeabl
e ObGecnevyeHune n oodbneryeHue

MEXKFeTOYHON U BHYTPUKIIETOYHON
nepepayv nHpopmauum

e ObGecnevyeHne obpa3oBaHUA TKaHEN C
NMOMOLLLIO MEXKIeTOYHbIX KOHTAaKTOB
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. .,@@ FIGURE 4.12 Three classes of membrane protein. (@) Integral proteins
' 6 typically contain one or more transmembrane helices (see Figure 5.4

PIIIIIIIIIII: for an exception). () Peripheral proteins are noncovalently bonded to

the polar head groups of the lipid bilayer and/or to an integral mem-

brane protein. (¢) Lipid-anchored proteins are covalently bonded to a
lipid group that resides within the membrane. The lipid can be phos-
phatidylinositol, a fatty acid, or a prenyl group (a long-chain hydro-
GPIIIIII! IIIIIIIII carbon built from five-carbon isoprenoid units). I, inositol; GlcNAc,

Cytoplasm . N/ N .
b N-acetylglucosamine; Man, mannose; Etn, ethanolamine.
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FIGURE4.17 Glycophorin A, an integral protein with
asingle transmembrane domain. The single o helix
that passes through the membrane consists predomi-
nantly of hydrophobic residues. The four positively
charged amino acid residues of the cytoplasmic do-
main of the membrane form ionic bonds with nega-
tively charged lipid head groups. Carbohydrates are
attached to a number of amino acid residues on the
outer surface of the protein (shown in the inset). All
but one of the 16 oligosaccharides are small O-linked
chains (the exception is a larger oligosaccharide
linked to the asparagine residue at position 26). The
role of glycophorin in the erythrocyte membrane is
discussed on page 148.
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FGURE 1,20 Use of EPR spectroscopy to monitor changes in confor-
mation of a bacterial K* ion channel asitopensand closes. () FPR
spectra from nitroxides that have been attached to cysteme residues
near the cytoplasmic end of the four transmembrane helices thar line
the channel. The cysteine residue in each helix replaces a glvaine
residue that is normally at that position. The shapes of the spectra de-
pend on the distances between unpaired electrons in the nitroxides on

External medium

° Dehydrated
K* ion

- Nitroxide-labeled

@ o 2 9 (ysteine residue e @ o
— Hydrated ®
CLOSED K* 1on OPEN
Cytoplasm
(b

different subunits. (Nitroxides are described as “spin-labels,” and this
technique is known as site-directed spin labeling). (4) A highly
schematic model of the ion channel in the open and closed stares based
on the dara from part a. Opening of the channel is accompanied by the
movement of the four nitroxide groups apart from one another.
(A: From E. PEROZO, £T AL, NATURE STRUCT. BIO1, 5:468, 1998,)
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FIGURE 4.24 The possible movements of phospholipids in a mem-
brane. The types of movements in which membrane phospholipids
can engage and the approximate time scales over which they occur.
Whereas phospholipids move from one leaflet to another at a very
slow rate, they diftuse laterally within a leaflet rapidly.
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FIGURE 4.27 Patterns of movement of integral membrane pro-
teins. Depending on the cell type and the conditions, integral
membrane proteins can exhibit several different types of mobility.
Protein A is capable of diffusing randomly throughout the mem-
brane, though its rate of movement may be limited; protein B is
immobilized as the result of its interaction with the underlying
membrane skeleton; protein C is being moved in a particular direc-
tion as the result of its interaction with a motor protein at the cyto-
plasmic surface of the membrane; movement of protein D is
restricted by other integral proteins of the membrane; movement
of protein E is restricted by fences formed by proteins of the mem-
brane skeleton; movement of protein F is restrained by extracellular
materials.




Apical plasma membrane

* regulahon of nutrient and
water intake

* regulated secretion

® protection

Lateral plasma membrane
¢ cell contact and adhesion
* cell communication
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e celbsubstratum contact
¢ generabon of 1on gradents

Glucose ~
Na* -

oo

= Disacchande

PyHKunm UM
anuTenuanbHbIX
KNeToK

FIGURE 4.29 Differentiated functions of the
plasma membrane of an epithelial cell. The api-
cal surface of this intestinal epithelial cell con-
tains integral proteins that function in ion
transport and hydrolysis of disaccharides, such as
sucrose and lactose; the lateral surface contains
integral proteins that function in intercellular in-
teraction; and the basal surface contains integral
proteins that function in the association of the
cell with the underlying basement membrane.
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FIGURE 4.31 The plasma membrane of the human erythrocyte. (a) Scanning electron mi-
crograph of human erythrocytes. (4) Micrograph showing plasma membrane ghosts,

which were solated by allowing ervthrocytes to swell and hemolyze as desenbed in the
text, (¢) The results of SDS-polyacrylamide gel electrophoresis (SDS-PAGE) used to
fractionate the proteins of the erythrocyte membrane, which are identified at the side of

: Band 3 * Glycophorin A

the gel. (4) A model of the erythrocyte plasma membrane as viewed from the internal
surface, showing the integral proteins embedded in the lipid bilayer and the armangement
of peripheral proteins thar make up the membrane’s internal skeleton. The band 3 dimer
shown here 1s \im|‘|iﬁt‘d. The band 4.1 protein stabilizes actin—spectrin complexes. (¢)
Electron micrograph showing the arrangement of the proteins of the inner membrane
skeleton, (A: FROM Francors M. M. MOREL, RicHArD F. BAKER, AND HAROLD WAYLAND, |
CELL BIoL, 48:91, 1971; 1 COURTESY OF JOSEPH F. HOFFMAN; C: REPRODUCED, WITH FERMIS-
SION, FROM V. T Marcuesy, H. Furmiivayi, AND M. Towmima, Assu. Rev. BlocHEM. VoL 45;
0 1976 By ANNUAL REVIEWS INC; 1 AFTER D, VOET AND |, G, VOET, BIOCHEMISTRY, 2D ED.;
COPYRIGHT © 1995, JouN WiLey & Sons, INC,; E: FROM SHIH-CHus Liv, Lavka H. DERICK,
AND JIRE PALER, J. Cevr Bion, 104:527, 1987; A, E: BY COPYRIGHT PERMISSION OF THE ROCK!
FELLER UniversiTy Press.)
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FIGURE 4.52 Four basic mechanisms by which solute molecules
move across membranes. The relative sizes of the letters indicate
the directions of the concentration gradients. («) Simple diffusion
through the bilaver, which always proceeds from high to low con

centration. (4) Simple diffusion through an aqueous channel
tormed within an integral membrane protein or a cluster of such
}‘l“r( i”‘, \\ M &, movement s .li\\ l}‘ ll'l\\'“ A ooncentratnon &r \\Il

ent. (¢) Facilitated diffusion in which solute molecules bind specifi

. l”\ o a ”H'l')l‘l'”“l' ["ll'l,'”l [ .H'il," L ".l\ '||'.|‘l\'l' f'.l'l-}‘n\l'l" ) \" in
a and A, movement is alwavs from high to low concentranion. (4)
Active transport by means of a protein transporter with a specifi
binding site that undergoes a change in atfimity dnven with enengny
released by an « \t'l"_’\llllh I"lln €55, such as \l P ll_\sll'i!!\\l- \l'v\.

ment occurs against a concentration gradient. (¢) Examples of cach

t\;\r.»fl‘u'\ hanism as 1t occurs in the membrane of an ervthrocyte




(a) Hypotomsc soluton (b) Hypertonic solution (¢) Isotonc soluton
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FIGURE 4.34 The effects of differences in the
MexaH N3MbI N pOXO)KAeH ns concentration of solutes on opposite sides of

the plasma membrane. () A cell placed in a

BEI.IJ,eCTB "‘Iepe3 MeM6pa Hy hypotonic solution (one having a lower S()lllfc
concentration than the cell) swells because of a
net gain of water by osmosis. () A cell in a hy-
pertonic solution shrinks because of a net loss
of water by osmosis. (¢) A cell placed in an iso-
tonic solution maintains a constant volume be-
cause the inward flux of water is equal to the
outward flux.
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FIGURE 4.42 Conformational states of a voltage-gated K* ion
channel. (@) Three-dimensional model of an entire eukaryotic K*
ion channel showing both the membrane-bound and cytoplasmic
domains. Inactivation of channel activity occurs as the N-terminal
portion of the polypeptide, which is called the inactivation peptide,
fits into the cytoplasmic opening of the channel. (4) Schematic rep-
resentation of a view into a K ion channel, perpendicular to the
membrane from the cytoplasmic side, showing the channel in the
closed (resting), open, and inactivated state. (B: REPRINTED FROM
NEURON, VOL. 20, C. M. ARMSTRONG AND B. HILLE, VOLTAGE-GATED
ION CHANNELS AND ELECTRICAL EXCITABILITY, PAGE 377; COPYRIGHT
1998, WITH PERMISSION FROM ELSEVIER SCIENCE.)
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FIGURE 4.43 Facilitated diffusion. A schematic model for the facili-
tated diffusion of glucose depicts the alternating conformation of a
carrier that exposes the glucose binding site to either the inside or
outside of the membrane. (AFTER S. A. BALDWIN AND G. E. LIEN-
HARD, TRENDS BIOCHEM. ScCI. 6:210, 1981.)
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FIGURE 4 45 Simplificd schematic model of the Na'/K*-

ATPase transport cycle. Sodium ions (1) bind ro the pro-
tein on the inside of the membrane. ATP is hydrolyzed, and the
phosphate is ransferred to the protein (2), changing its conforma-
tion (3) and allowing sodium ions to be expelled to the external
space. Potassium ions then bind to the protein (4), and the phos-
phate group is subsequently lost (5), which causes the protein to

Extracellular space *

snap back to its original conformation, allowing the potassium jons
to diffuse into the cell (6). Note that the actual Na /K™ -ATPase s
composed of two different membrane-spanning subunits: a largera
subunit, which carries out the transport activity, and a smaller f
subunit, which functions primarily in the maturation and assembly
of the pump within the membrane. (Steps where ATP binds to the
protein prior to hydrolysis are not included.)
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Fresy

memorane

Synaptic cleft Ca** .o, sleas
s gates 2 Release @ Bnding of
open of AcCh ’ A
: cCh by receptor

Postsynaptic
membrane

q./jp FIGURE 455 The sequence of events during synaptic
L/ transmission with acetylcholine as the neurotransmitter.
During steps 1-4, a nerve impulse reaches the terminal knob of the
axon, calcium gates open leading to an influx of Ca™ ", and acetyl-
choline is released from \\'ll.l“n\ vesicles and binds o receprors on
the postsynaptic membrane. 1f the binding of the neurotransmitter

molecules causes a depolanzation of the postsynaptic membrane (as

(50 50 ()
2] il
1] 1]

Na* gates open CI” gates open

Nerve impulse

il

in 5a), a4 nerve impulse may be generated there (6). 1f, however, the
binding of neurotransmitter causes a hyperpolarization of the post
synaptic membrane (5b), the target cell is inhibited, making it more
difficult for an impulse 1o be generated in the target cell by other ex-
citatory stimulation. The breakdown of the neurotransmitrer by

acetyicholinesterase is not shown




KoHTponb cocTaBa
BHYTPUKINETOYHOU cpeAabl

e DopmMmmpoBaHMe BOKPYr uMTonnasmbl
bapbepa, KOTOpPbIN N30UpaTenbHO
nponycKkaeT MOJeKynbl BXxogdwue B
KINEeTKY U BbIXOAsLLUE U3 Hee.

 benku, obpa3syroLwime KaHarnbl U NOPbLI
NPUHMMAIOT y4YacTue TpaHcnopTe
MOJIEKYJ1 Yyepe3 memopaHy



voecnedyeHmne MexkKneto4yHom un
BHYTPUKIETOYHOWN nepenavm nHgopmaumm

[lepeHOC BewecTB U UHpopmMaLuUn
yepe3 MeMOopaHbl

1. TpaHCMeMOpaHHbIN TPAHCMOPT MESIKUX
MOJIEeKyn
 Ondbdysuna (naccuBHaa n oonerdyeHHas)
e AKTUBHbIN TPAHCNOPT

2. TpaHCMeMOpaHHbLIN TPAHCNOPT KPYMHbIX
MOJIeKYI

e JHOOUUTO3
e JK30UMNTO3



OobecneyeHe MEXKNEeTOYHOU U
BHYTPUKNETOYHOU nepenavm nHpopmaumu

3. Nepepavya curHanoB 4Yepe3 MeMOpaHbI
* nOBerHOCTHbIe KIMeéTO4YHbIe peuenTopbl

a. TpaHcaykuusa curHana (HanpumMmep: rnokaroH ->
cAMP)

6. UHTepHanusauusa curHana (coBmeLleHHasi ¢ 3HAO-
LMTO30M, Hanpumep, peuenTtop JIHIM, peuentop
WHCYJIMHA)

* [lepeHOC K BHYTPUKNETOYHbLIM peuenTopam
(cTepoupgHble ropMoHbI; hopma auddpysnm)

4. MeXKneto4yHble KOHTaKTbl U CBA3U



OobecneyeHe MEXKNEeTOYHOU U
BHYTPUKNETOYHOU nepenavvm nHpopmaumm

* [loBeoeHne KNeTKN perynupyeTtcs ee
HenocpeacTBeHHbIM OKpPYXeHneM U
npoAaykKTamMu otaarieHHbIX KIeToK.

e [lpeKkpalieHue geneHns KneTokK npu
COMPUKOCHOBEHUU C APYIrMMUN KNneTkamMu —
KOHTAaKTHOEe TOPMOXEeHue pocTa
(density-dependent inhibition, DDI)

e MyTaHTHbIE KNEeTKN yTpauMBaroT
CNOCOOHOCTb K KOHTaKTHOMY
MHIIMOMPOBaAHUIO U NPOOOIKAIOT PacTU U
cdopmupoBaTb crion 3a crioem. ObpaszoBaHue
onyxonu.



ObecneyeHne MEXKNEeTOYHOU U
BHYTPUKNETOYHOU nepenavum nHpopmaumm

* [OMOTUNUNYHBbIE MapKepbl —
NOBEPXHOCTHbLIE MOJIEKY bl KNEeTKU
urparowme BaXxHyr posb B
cbopMunpoBaHNUN TKaHEMN.

* [loHMMaHuMe npoueccoB NOCTPOEHUA U
pereHepaunmn TKaHewW.



ObecnevyeHne o6pa3oBaHNA TKaHEU C
NMOMOLLLIO MEXKIeTOYHbIX KOHTaKTOB

* [MUKONpPOTEUHbI — 3a CYET OCTaTKOB
cUanoBbIX KUCINOT COOOLLaloT BCeU
Hapy>XHOU NOBEPXHOCTU KITIETKMN O0OLLnN
oTpuuaTenbHbIN 3apAa.

* [Mukonunugbi- PpopMUpPYOT
cneundpmnyeckme NnoBepxXHOCTHbIE
aHTUreHbl U genakwT mMeMoOpaHy
BbICOKOMMMYHOreHHOMN.

e PasgeneHue KNeToK Ha «CBOU» U «He
CBOUY»



CBA3b C KITIMVHUKOW

1. MNepenunBaHue KpoBWU
e AHTUreHbIl rpynn KpoBu
2. [Nlepecaaka TkaHeun

e AHTUTeHbl TMCTOCOBMECTUMOCTM -
rmaBHbIN KOMIJIEKC
rucrocomectumoctu (MHC)



[‘pynnbl KpoBU

FIGURE 4.11 Blood group antigens. Whether a person has type A, B,
AB, or O blood is determined by a short chain of sugars covalently
attached to membrane lipids and proteins of the red blood cell mem-
brane. The oligosaccharides attached to membrane lipids (forminga
ganglioside) that produce the A, B, and O blood types are shown
here. A person with type AB blood has gangliosides with both the A
and B structure. (Gal, galactose; GlcNAc, N-acetylglucosamine;
Glu, glucose; Fuc, fucose; GalNAc, N-acetylgalactosamine.)
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— The MHC Gene Complex
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Fig.2.6 The human major histocompatibility gene complex (HLA genes) is lo-
cated on chromosome 6. There are three different classes of MHC molecules.

e AHTUreHbl TMCTOCOBMECTUMOCTM Pa3MeLleHbI
Ha MOBEPXHOCTU KNEeTOK

e BbiaensoT 3 Knacca
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l.k“lllll‘\ produced by antigen processing bind
roove of the MH( protein molecule




— Interactions in T-Cell Antigen Recognition

Antigen-presenting cell or B cell Antigen-presenting cell or target cell
CD40
LFA-1 MHC
LFA-1 V-CAM  (CD11a/18) clice| B-7

(CD80)

LFA-3  |molecule
(CD58)

LFA-3 class Il
(cps8) molecule

CD40L k b4 (naive)

CD2 TCR-CD3  VLA-4 TCR-CD3

ICAM-1 complex (CD49/29
(CD54) ( (act{) ) complex
(D44 CD44
T helper cell (cD4™) Cytotoxic Tcell (CD8 ™)

a b

Fig.2.9 a The interactions of APCs or B cells with CD4" T cells (T helper cells) are
mediated by MHC class |l molecules (heterodimers). b Interactions between CD8*
T cells (cytotoxic T cells) and their target cells are mediated by MHC class | mo-
lecules. The presenting peptide is shown in violet. “S” indicates a superantigen,
named after its capacity to activate many different T helper cells through its ability
to bind to the constant regions of both the MHC and TCR molecules (naive = non-
activated T cells, act. = activated T cells).




Letter Amino acid

Word Protein

Sentence Protein Assembling
Semantics Protein Function
Grammar Folding

Acoustic Wave Conformational Wave

Figure 11-5. Comparison of human and protein languages. The drawing signed “Catherine” depicts her schoolmistress:
Diagram: Jean-Claude Pechére,



