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CooTHolWeHue pasnUYHLIX TUNos MembpaH

% o1 Bcex MmeMOpaH

Tun memOpaHbI renaTouuT IK30KPUHHAA KJIETKA

5000 MM MOIKEJIYIOYHOM JKeJie3bl
1000 mxm®

OO0muii 00beM MeMOpaH 110,000 mxm 2 13,000 MM 2

IiasmaTnveckass MeMOpaHa 2 5

I'p. JIIP 35 60

L. JI1P 16 <1

Anmnapar I'oabaxu 7 10

MuroxoHaApuHn

Hapy:xxnas memOpaHna 7 4

BHyTpennsisi MeMOpaHa 32 17

Buyrpennsis memOpana 510 0.2 3

CexpeTopHbI€ BE3UKYJIbI not determined 3

JInzocombl 0.4 not determined

Ilepokcucombl 0.4 not determined

IHI0COMBI 0.4 not determined
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DHAONNA3MATUYECKUIA PETUKYITYM
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Cy6aomeHur ITIP

Cy010MEeHbI GyHKIuu OesIkn

I'p. 0P CuHre3 0esIkoB Sec61 complex,
Tpaunciaoxkauust
CkaaabiBanue u oauromepusanuss | TRAP, TRAM, BiP
IepBuuHoe riiuko3uwiiuposanue u | Oligosaccharide transferase
Ap. MOM(pHKAIHH PDI, Calnexin, Calreticulin,
Herpananus EDEM, Derlinl
Oo0Opa3zoBanune meMOpaH

. DIIP JleTokcukanus CemeiictBo nuroxpom P450
MeTa00s11u3M JIUIIHI0B HMG-CoA reductase
MeTa00au3M cTEpouI0B Cytochrome b(5)
Metabos1u3m rema
Hemo Ca IP, receptors
MeTa0013M IVIMKOT€HA

IKCHOPTHBIA | IKCIOPT 0JIKOB M JIUIH/I0B B Sarlp, Secl2p, Sec16p

JIOMEH CEeKPETOPHBIA NYTh

SAnepuas Tpancnopr: siiepHbIe MOPLI POM121, GP210

000.104Ka 3asikopeBaHHe XPOMATHHA Lamin B receptor

KoHnTakTHBIC TpancnopTt JJUIUI0B LTPs

30HbI




Fnaakum TP
MUKPOCOMBI

rough ER smooth ER

ER lumen

JleTokcuKanus
MeTa00113M JUIIHI0B
MeTa0013M CTEPOHI0B
MeTa00113M rema
leno Ca

MeTa00J1M3M INIMKOIeHAa




buocuHTEe3 KOPTUKOUAHBIX
TOPMOHOB B HAANIOYECYHHKAX

MeTab0au3M
buocunres KAaTeX0,J1aMHHOB

MeTa00/IMTOB [ BHeHponuTax

BuTamuHa /[ B

MNoYKax

~

MeTad0u3M
BUTAMHHA A

buocunres

JKeJTYHBIX

KHCJIOT U3
X0J1ecTepoJia

JleTokcukanust
buocuHTE3 OKHUCH

KCeHOOMOTHKOB,
a30Ta U3 apreHuHa

KAHIIEPOI'€HOB,

JEKApPCTB B IMNICYCHU,
KHINCIYHUKE, JCI'KHX

buocunres buocunres
X0JIeCTEpHHA B MOJIMHEHACKIIIE
NMEYCHH M KHUIIICUYHEe HHBIX KUPHBbIX

KHCJIOT



JleTokcukanus

MOHOOKCUTeHA3HbIE PpeaKInu

T e W R
o o TR R Ky A
s i e\ TR i
2 1, )

R-H + HAIIOH + O, + 2H* - R-OH + HAII®* + H,0.

Ko-¢paxkropst HAJI®H HAJIH P450-peaykra3za P450

Cytochrome P450 Reductase

Cytochrome P450 77 kDa

Cytochrome P450
55 kDa

Cytochrome b;




JleTokcukanus

NADPH NADP+

" Reductase

I K

Rl KL XXX X LS 1)

Riboss LCcteone PSS
MM < /" Rechctass

Figare 1LE Connpawrns ol the enduphonbs refoumnns inbvomonrali s bmdeans P50 et

Do A Onriin Copanin £ X000 At Wy & S &

INeTpoHTpaHcnopTHble uenu 3P

1 uenb BKAKOYaET:

1) untoxpom P, MeeT LieHTpbI cBA3bIBaHMA ana O, n
rmapodobHoro cybcrparta; 2) NADPH-umtoxpom P ,qq-
peaykTasy, cogepkauwyto kopepmeHTbl FAD n FMN;

3) NADPH+H* — noHop € 1 H* B 3TOI 3/1€KTPOH-TPAHCMNOPTHOM
uenu; 4) O,.
2 uenb BK/KOYaeT:

1) untoxpom P,.,; 2) pepmeHT NADH-umTOoXpom b.-
peayKkTasy, KopepmeHToM KoTopoi asaaetca FAD; 3) uutoxpom
b — remonpotenH, nepeHocawmii & ot NADH-umtoxpom b.-
peayKTasbl Ha LMTOXpOM P,.; 4) NADH + H* — noHop € n H*; 5)
0,.

UuTtoxpom P,, 0oanH atom O, BKAKOYAET B MONEKYNY
cybcTpara, a 2-i BocctaHaBausaet ¢ obpasosanuem H,0 3a
cyet nepeHoca € u H* or NADPH+H* npu yyactum umuroxpom

P,so-peaykrasbl (uam ot NADH+H* ¢ nomowbio uutoxpom b,-
peaykTasbl u yutoxpoma bg).




Cemeucteo cynepreHos P450

CeMelcTBO

DOyHKIUU

CocrasB

CYP1

MeTa00JIM3M JIEKAPCTB M CTEePOon10B (0COOEHHO 3CTPOreHa)

3 nmoaceMeiicTBa, 3 reHa, 1 nceBaoreH

13 noacemeiicTB, 16 resoB, 16

CYP2 MeTa00/IM3M JIEKAPCTB M CTEPOUI0B ncenTor et
CYP3 MeTa00/IM3M JIEKAPCTB M CTEPOUI0B (BKIIOYASI 1 noxceMeiicTBo, 4 Tena, 2 NICEBIOTeHA
TECTOCTEPOH)
" 6 moxcemeiicTs, 12 renos, 10
CYP4 MeTa00/IM3M apaxXuJA0HOBON KHCJIOTHI A HceBIlO;“eHOB g
CYP5S CHHTEe3 TPOMOOKCAHA A2 1 noacemeiicTBO, 1 ren
CYP7 OMOCHHTE3 KeJTYHBIX KHCJIOT, y9acTHe B MeTado1u3Me 2 nopcemeiicTa, 2 TeHa
CTEPOUI0B
CYPS8 paziuunvle 2 nmoacemeicTBa, 2 reHa
CYP11 OMOCHUHTE3 CTEPOUI0B 2 moaceMeiicTBa, 3 reHa
CYP17 OuocuHTE3 CTepouaoB, 17-anbda ruapokcuiasa 1 moacemeiicTBo, 1 ren
CYP19 OMOCHHTE3 CTEPOU/I0B (aApoMaTa3a, CHHTE3UPYIoIiasi 1 noncemenc R
3CTPOreH) 2
CYP20 He YCTAHOBJICHBI 1 moacemeiicTBo, 1 ren
CYP21 OMOCHHTE3 CTEPOU/IOB 2 noacemMelicTBa, 1 reH, 1 nceBaorex
CYP24 Ouonerpaganusi BUTaMuia D 1 noacemeiicTBO, 1 ren
CYP26 THAPOKCUJIMPOBAHNE PETHHOJIOBOH KM CJIOThHI 3 noacemeiicTBa, 3 reHa
CYP27 Ppaziuunvle 3 noacemeiicTBa, 3 rena
CYP39 7-anbda-ruIpoKCUINMpPoOBaAHUE 24-THAPOKCHUXO0JIECTEPOJIa 1 moacemeiicTBo, 1 ren
CYP46 X0J1eCTEPOJI 24-THAPOKCHIA3A 1 moacemeiicTBo, 1 ren
CYP51 OMOCHHTE3 X0JIeCTEPOJIA 1 moacemeiicTBo, 1 ren, 3 ncepjaoreHa




N3opepmenTol uutoxpoma P450
(ybcrparm

AHAyKTOpbI Lwroxpom
Kapenoe maco,
Tafaunbit Abim,
ouenpas
AhR, CYp
ot T T (A2
ApUNYTAEBOAOPOARBIA
peuentop (AhR)
OeHobapburan, '
PUPIMNULMH cyp
209
CAR @ /

KOHCTHTY TUBHb I
peuentop
aHapoctanos (CAR) 206

Pudamnuums,
kapbamazenuy,
NEKCAIMETA30H, GCHRTOMH,

Knozanuw, 3crpaamon,
ranonepuaon, TeoduanuK

Kapseaunon, meronponon,
TPHUAKAKYLCKHE AHTHACNPEC(AHTDI,
neiponentuxu, CHO3C, kopens

Uuknocnopus, Takponumyc,
HAQEAKNKH, BEPANAMUN, CTATHHBI,

ICTpaguon, NporecTepon,
TeCTOCTEpOH, ranonepuaon
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Releasing/Leak mechanisms i Importing/Pumping mechanisms

Kaaperukyaun Kajgnexkcun KajicekBecTpuH

ERp57 binding
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Human cardiac muscle
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unstructured C-tail
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Q. Wang and M. Michalak Cell Calcium 90 (2020) 102242

Skeletal muscle
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Junctional SR lumen
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Mitochondria Glycogen granules
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CviHTe3 rnuKoreHa.

INIMKOI'CHCHUHTAa3a

IIIKAHTpaHcdepasa

20~ 50nm

0:Glucose

a-1,4/1,6
Linkages




CviHTe3 rnuKoreHa.

INIMKOI'CHUH

INIMKOI'CHCHUHTAa3a

rimkorengochopuiasa

[IIKAaHTPaHcdepasa

Amuii0-al,6-riiroxo3uaa3a



PerJIHIII/Iﬂ CHHTE3a IVNINKOIeHa

Glucagon (liver) Epinephrine (BR) (muscle)

\/

Adenylate cyclase

!
cAMP

l cal;um

PKA
l glycogen
phosphorylase
kinase +  glycogen glycogen
phosphorylase synthase
phosphatase glucose

Epinephrine (aR) (liver)

Insulin




IIIP u cuHTEe3 IIMKOIeHA

Plasma
Cytosol ot membrane
6-phosphatase
Glucose Capillary
:;:’)‘Spﬂte’—‘ transporter
(T2)
Glucose ——— Glucose —
- 2, p, GLUT2
lumen \ P; transporter 1
(T3)
Increased
blood
glucose
concentration
Figure 15-28
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company
glucose-6-phosphate glucose

cytosol
ey GEPTL

ER lumen

glucose-6-phosphate

SO0

R, (SLC37A4 glucose-6-phosphatase SLC2A2
ol Gerc 4 '

glucose + P,
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DP1/REEP/Yopl
PETUKYJIOHBI

The ER network. (a) The ER network of COS-7 cells is labeled with mCherry-KDEL (red) and the junctions are labeled with Lnp1-GFP (green). Also
marked: nucleus (N), ER cisternae and ER tubules. (b) The box area marked in the top panel is magnified below. Interconnected ER tubules form a
network with three-way junctions marked by Lnp1-GFP.




Figure 2

(a) Cytosal (b)
Zinc finge
e 4 Cytosol Cytosol
Reticulons or . -unapark GTPase

Atlastin/Sey1p s

TIORRETROTITTIRTICIIONCRICIOT ) ver

v

e Threg-way junction

Three-way junction

Lumen Three-way junction

Current Opinion in Cell Biology

Schematic diagram of the ER shaping proteins at three-way junctions. (a) Membrane topology around a three-way junction where reticulons (coral),
DP1/Yop1p (coral), Lunapark (green and blue) and atlastin (purple and orange) insert into the outer leaflet of the phospholipid bilayer from the cytosolic
side of the membrane. (b) A cross-section view of a three-way junction.
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B3aumoaencreue ¢ MUKPOTPYOOUKAMH

M1 spastin e
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TAC - tip attachment complex

(a)

(b)

b 4 B Acetylated microtubule

Key:
TAC Dynamics
B Microtubule

® sTmi
EB1

4 4

Sliding dynamics

x Kinesin-1 and dynein

Unidentified protein(s)

TRENDS in Cell Biology
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paHynapHeiu ITIP. CuHTe3s benka.

mRNA encoding a cytosolic protein .
remains free in cytosol free &Oévy;g)s(:)?;ome

5. é 3. — 5. 3|
o © ® ._)
oo o@
common pool of ribosomal
subunits in cytosol
) ER

5 3" — 5

t'::'gmd to s&nm::“n polyribosome bound to ER

membrane by multiple
membrane-bound nascent chains

ER membrane

(B)
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CurHanbHaa NocnenoBaTesnIbHOCTb

Function of Signal Peptide Example of Signal Peptide
Import into ER "H;N-Met-Met-Ser-Phe-Val-Ser- Leu-Leu-Leu-Val
Gly-1le-Leu-Phe-Trp-Ala -Thr-Glu-Ala-Glu-
GIn-Leu-Thr-Lys-Cys-(ilu-Val-Phe-Gln-
Retain in lumen of ER vs-Asp-Glu-Leu-COO
0eJ10K MOCJIe0BATEJIbHOCTDh
Preproa]bumin Met-Lys-Trp-Val-Thr-Phe-Leu-Leu-Leu-Leu-Phe-II1
e-Ser-Gly-Ser-Ala-Phe-Ser | Arg...
Pre_IgG light Met-Asp-Met-Arg-Ala-Pro-Ala-Gin-Ile-Phe-Gly-Ph
chain e-Leu-Leu-Leu-Leu-Phe-Pro-Gly- Thr-Arg-Cys |
Asp...
Prelysozyme Met-Arg-Ser-Leu-Leu-Ile-Leu-Val-Leu-Cys-Phe-Le

u-Pro-Leu-Ala-Ala-Leu-Gly | Lys...




CurHanbHaa NocnenoBaTesnIbHOCTb

Protein Signal Sequence Length Charge
BiP MKLSLVAAMLLLLSAARA 18 +1
Apo-Al MKAAVLTLAVLFLTGSQA 18 +1
TGF-$2 MHYCVLSAFLILHLVTVAL 19 0
Interferony MKYTSYILAFQLCIVLG 17 +1
Glucagon MKSIYFVAGLFVMLVQG 19 +1

Choriogonadotropin MEMFQGLLLLLLLSMGGTWA 20 -1
EGF-receptor MRPSGTAGAALLALLAALCPRA 24 +1
Growth hormone = MATGSRTSLLLAFGLLCLPWLQ 26 +1

EGSA



SRP-signal recognition particle
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SRP-signal recognition particle

signal-sequence-
binding pocket

SHRP RNA molecule

translational
pause domain

(A) GTPase and SRP receptor
binding site
' |
25 nm

7S RNA

!
~

Methionine residues on
P54 that bind to

P19 signal sequences

r Rl

CH,CH,SCH,

- CH,CH,SCH,

™~ CH,CH,SCH,
™ CH,CH,SCH4
PeeP72
\ Required for

protein translocation

\ Interact with ribosomes
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AOMEH nay3bl TpaHCNnAUuuKn CurHasnbHas nocrnegosarernbHoOCTb
/

19-14

CBA3bIBAOLNIA KapMaH
ANA curHanbHomn
nocneaoBaTesisHoCTH

54

LWapHWpHas
obnactb

Manexyna usoBpaxeHve
SRP-PHK SRP
{ "BY.,
a) 4
68-72-19
Manas cybveauHuua pubocomsl
/ bonbwas cybbeaunHuua
pubocomel
————
cuUrHanbHas
nocnefoBaTenbHOCTb
Ha pacTylwen _
nonunenTuaHoOn
uenu
lapHupHas
obnactb
YacTtuua, pacnosHatoulas curHansHas
6) curHan (SRP) nocnenoBaTenbHOCTb,
ceszaHHasa SRP
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afy KoTpaHcnaumoHHsIW nepeHoc

A. Native B. Sec61 C. SecY oligomer D. SecY
Sec61 oligomer| 0 meqhanism

channel sz 'ml

O

Bottom ™<=

%Side0 \

E.EM reonstruction
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KOMMNNeKkc

Sec61 T

y4acToK BbIxoaa
HOBOCUHTE3UMPOBAHHOW
uenu B pubocome

y4acTkv
npuUKpenneHus
pubocomel

scrnoMorartenbHble
benku

ER membr:
TRAP TRAM p180
Sec62, Sec63

translocating chain-associating
membrane protein

translocon-associated protein



KOTPAHCNALUNOHHbLIV NEPEHOC MNOCTTPAHCITAUMOHHAA TPAHCIIOKALIWA
| | | |
SRP

\

KOMMNNEKe
Sec62,63,71,72

Benok
SecA

peuentop SRP

ADE L mTo30nb

NONocCTb 3P nonocTb 5P BHEKNETOYHOE
, NMPOCTPAHCTBO
NG | ADP
BAKTEPUW

APXEW
AYKAPUOTHI SYKAPUOTHI BAKTEPUU
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Start-transfer sequence
Stop-transfer sequence
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cleaved C-terminal

CYTOSOL glycosylphosphatidylinositol i’y peptide
LUMEN

protein bound
covalently to
lipid anchor
in membrane

GPI
Cytosol transamidase
COO-

coo-

|
Preformed
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Precursor
NH;" protein NH,*

Mature GPI-linked
protein
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C-tail-anchored proteins
(tail-anchored proteins )

N
CYTOPLASM
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C
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Golgi-to-ER trafficking

C GET-mediated insertion of
tall-anchored proteins

{_/ Get3
L v

Target SNARES (syntaxin), Vesicle SNARESs (synaptobrevin), Giantin (Golgi
tethering protein ), Sec61y, Sec61f, Cytochrome b(5), Heme oxygenase I and II,

UBC 6 (ER degradation ), Bcl-2, Bax, Tom5, Tom6
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SILI ER fumen Co-chaperone, nucleotideexchangel ~ Woozy mouse associated with cerebellar | Marinesco-Sjogren syndrome
factor for GRPT8 ourkinje cell degeneration and ataxia
GRP94/gp96 | ER lumen Chaperone, Ca*binding Embryonic lethality Cancer
Cell surface Anti-apoptosis Prion diseases
fransmembrane Tumor immunity Autoimmune disease
GRP170/ ER fumen Chaperone, potential nucleotide Embryonic lethality Alzhemer's disease
ORPLS0 exchange factor for GRP78
GRPSS/ ER lumen Thio-oxidoreductase to catalyze Embryonic lethality(traditional knockout)] ~ Prion diseases
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Cytosol glyeoprotein presentation (conditional knockout in B
cells).
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Glc, glucose; Man, mannose; UDP, uridine diphosphate; EDEM —
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Endoplasmic-reticulum-associated protein degradation (ERAD)
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UPR unfolded protein response

ATF6 (activating transcription factor 6)

IRE1 (inositol requiring 1),

PERK/PEK (PKR-like endoplasmic reticulum kinase/pancreatic elF2a kinase),
bZIP (basic leucine zipper) domain-containing transcription factors
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Current Opinton in Cell Biology

Pathways of stress-dependent quality control. During particularly severe ER stress, several pathways of quality control that may not operate during
normal conditions become important for limiting protein misfolding in the ER. Pre-emptive quality control (pQC) involves reduced translocation of
certain protein that are instead routed into the cytosol for degradation. Regulated Ire1-dependent degradation (RIDD) mediates degradation of select
ER-bound mRNAs. Some misfolded proteins may be degraded by post-ER pathways involving vesicular trafficking to the lysosome. Autophagy can
sequester whole sections of the ER containing misfolded or aggregated proteins.



