BuonHpopmaTuKa TpaHCcMeMbpaHHbIX
benkos

Napba BnagumuposHa [lubposa

(k.6.H., c.H.c. HUA D XB MTIY,
aoueHT PBb MI'Y)

Nekumna Ne4 MOPK «bunonHdopmaTmnkar
2026 ron



MoneKkynbl oAbl NONAPHDLI
o) 104° 0°

OFanNO

6_

Monekyna soabl (H,O)
B pacTBOPE MOXET
obpasoBaThb 4
BOAOPOAHbLIE CBA3MU

NCTOYHMK puCyHKa:
https://ru.wikipedia.org/wiki/BooopoaHas cBg3b 1




YTO echn nomecTuTb B BOAY

[1Ba BapuaHTa:

1)

2)

Ecnu BewecTBo
nonspHoe, OHO
«BCTPOMUTCHA» B CETb
BOOOPOOHbIX CBA3EN N €r0
HaxoXOdeHne B BOOHOU
doase Oyoert
9HepreTn4eckn BbirogHo;

Ecnu BewecTBo
HenonsipHoe, Boga dyoer
B3anMoOencTBoBaTb cama
Cc cobon, a BeLleCTBO OHa
«BbITOSTIKHET».

)

-
-~ [}
[}
~5
U]
o' (4
]
[]
]

NCTOYHMK puCyHKa:
https://ru.wikipedia.org/wiki/BooopoaHas cBg3b

2



«M'mapodobHbie» BeLLecTBa

Hanpumep, /:,. e
pacTuTenbHoe Macno =
N HedbTb —
HenosnsipHble

XUOKOCTU, N OHU HEe
CMELLUMBAOTCA C BOOOU

M CTOYHUK puCyHKa:
https://tomsk.bezformata.com/

NCTOYHMK pUCyHKa:
https://www.istockphoto.com/




CTpoeHune KNeToYHbIX MeMbpaH: nsnaneka

[TlonsapHaa «ronoBka»
doocgonunuaga

BHewHss1 cpeda
O HenonsapHbIN «XBOCT»
Q‘g“ dochonunuaa

\L : 1)
\ /I'Iepvlcbepmqecmw
Bernok

Liumonna3ma krnemku NHTerpanbHble
Benku

NCTOYHMK pucyHKa:
https://www.britannica.com/science/cell-membrane 4




CTpoeHue KNeTouHbix membpaH: nobanxe

BHewHsis1 cpeda

=

= - docdaT + rosfioska
CH, —CH-— CH, :
s o Tvuepun
.\{:ﬁ»oc‘: o '

HacblweHHas XUPHasA KUCJ1oTa

~— HeHacblLweHHas XUPHaA KUCJ1oTa

HenonspHbI

«XBOCT»
[MonspHas

«ronoBKa» O Biology

NCTOYHMK pucyHKa:
https://www.biologyonline.com/dictionary/cell-membrane 5




[18a BaXHbIX GpaKTa O KNeTOYHON membpaHe

(1)

KnetouHas membpaHa
npenocTaBnsieT
rmapodobHoe OKpyKeHue
MOneKyrnam, norpyXeHHbIM B
Hee (BHYTPU HE COOEPXKUT
rpynr, KOTopble CrNOCObHbI
obpa3oBbiBaTb BOAOPOAHbIE
CBS3N)

[TonapHag
pn «rofloBKa»

[MapodobHbIe
«XBOCTbI»

©00000L
JTnnnaHbIv

=1 ouncnon

OO0C00+  ~40A




KakoBo 6enKy B KN1eTo4YHOU membpaHe?

[lenTngHas
CBS3b H

NCTOYHMK pucyHKa:
https://ru.wikipedia.org/wiki/[lenTugHas cBg3b 7




Kak nomectutb 6€10K B MemMbpaHy?

TpeboBaHue:
BCe CnocobHble 0bpa3oBbIBaTb BOAOPOAHbLIE
N NOHHbIE CBA3M aTOMbl AOMKHbI ObITh yXKe
3a1eNCTBOBaHbI B TAKUX CBA3AX

PeweHue, 1 yacTb:
YnakoBartb rfaBHYo Lenb 6enka B
CTPYKTYpY, rde BCe BO3MOXHbIE
BOAOPOAHbIE CBA3M yXKe
obpasoBaHbl

1a) OgHa unu HeCKomnbKo
o-crmpanemn, NpoHM3bIBaOLLMX
MemMbpaHy
(vawe BCero)

16) Linknnyecknn B-nuct



INEeMEeHTbl BTOPUYHOM CTPYKTYpb!

a-cnupanb

<3A
(BooopoAaHble
CBA3M)

B-nucT



Kpome «rnasHoM Lienu» ecTb elle bokosble!

[lenTngHas

NCTOYHMK pucyHKa:
https://ru.wikipedia.org/wiki/[lenTugHas cBg3b 1 0




ABANLIATL OOHA
NMPOTEMHOINEHHASA
a-AMUMHOKMC/IOTA

A. AMUHOKUNCAOTBLI C 3apsXXeHHbIMU GOKOBLIMUK Liersami

[MoNnoXuUTenbLHOo 3apaXeHHble

OTpuLaTenbHo 3apsaXeHHble
A

's = A s )
5 - " ApruHuH FMCTM,uMH JIU3nH AcnapTtaTt nytamart
apsan 60KoBou Lenu
VkazaH My dU3MONo- (R ® ™ 0 (E
rMyeckom pH 7.4 203@ O 1.70 @ O 215@ O 1.95 @/O 2.16 @/O
o @ 0 @
NH; NH;
9 00 B 09 B 16 9.66 9.58
BennuuHbl pKy
nokKa3aHbl KYpPCUBOM /=0
6.04 N\ NH NS 0
3.71 © 0
@ MonoXWUTENbHO H N{ Hs '2‘0@ e
© OTpuuaTenbHO lzw H, i
5. AMMHOKNUC/IOTHI C MOJIAPHBLIMI He3apaXeHHbIMK LeraMu B. Ocobesie cnydyan
CepuH TpeoHUH AcnaparuH nytTamuH LncrtenH CeneHouncTenH rnuumH MponuH
(S O O @ (C (U (G (P
2133 Q 2.20 (@) O 215@ O 2.18 @ 191 =& 0O 193 QO 23 (@ Q 195> Q
O/ (&) O/ O_/ @ O_/ ® 0;/&@ O/ @ 1047
NH; NH3 NH3 NH3 NH; NH5 NH; NH,
9.05 HO 8.96 8.76 9.00 10.28 10 9.58
OH SH Se@
8.14 52
I. AMUHOKUNC/IOTEI C rnApo@obHEIMM BOKOBLIMU LienaMu
AnaHuH BanuH M3oneiunH NenunH MeTUOHWH ®eHunanaHuH Trpo3uH TpuntodaH
(A V @ o0 (L @ 0O (F O (W
233 0 2270 O 226(® O 2320 0O 216 Q 218(=) Q 224 Q 238> O
0/69 O/® 7 O/@ OJ® O/@ O/® 7
NH; NH, NH5 NH; NH; NH;
9.71 9.52 9.58 9.08 9.09 9.04
S
NCTOYHUK pUCyHKa: \
OH

https://en.wikipedia.org/wiki/Amino_acid

10.10

KnaccmdpuKauma npoTeMHOreHHbIX aMUMHOKUCAOT




AMUHOKUCNOTbI C 3apAKEHHbIMUA boKoBbIMMU uenamu

MoNOXUTENBHO 3apsAXXEeHHbIE OTpuuaTeNIbHO 3apsAXeEeHHbIE
r = A r = N
ApPruHunH fMcTrnaviH J1In3unH AcnapTaT rnytamar
R H K ® ®
> 9.00 Sﬁg.m 9.16 8;9.66' 9.58
@)
— =
6.04 N O S O‘?
- yNH % by ©0
HoN=( HsN @ 4.15
@ NH2 10.67

12.10

3apsiKEHHblE OCTATKU = «O4YE€Hb NOSAPHbIEY,
Y HUX HE YaCcTuU4HbIN 3apag (0F nnmn o), a
NONTHOUEHHbIN!

MCTOYHUK pUCyHKa:
https://en.wikipedia.org/wiki/Amino_acid 1 2



AMUHOKUCNOTbI C NOJIAPHbIMU 6oKoBbIMMU UenaAmMmu

CepuH TpeoHuH AcnaparuvH [NyTaMuH

€6 o o o

Z.U2D HO .20 0. /0 . uu
- ~ N :}
O

H,N
NH,

OXOTHO 00pa3yoT BOAOPOAHbIE CBSA3U MEXAY
coboun nnun ¢ monekynamu BoAbl — U Kak
AOHOPbI, N KaK akLenTopsbl

MCTOYHUK pUCyHKa:
https://en.wikipedia.org/wiki/Amino_acid 1 3



AMUHOKUCNOTbI C HEeNnoOJIAPHbIMK 6oKoBbIMU Henamu

AnaHwuH BanuH 30nenumuH JlenumH

@6 DY @6 oo

/ 9.71 < v.04 ""“_> v.0u ,4:' ¥.250

MeTMOHWH deHunnanaHuH TPO3UNH TpuntodaH

@ O @ 6 @O o

% 9.08 9.09 9.04 9.34
: b ;
\ NH

MCTOYHUK pUCYyHKa: OH 1 4

https://en.wikipedia.org/wiki/Amino_acid 10.10




«Ocobble cnyyam»

LinctenH CeneHouuncrenH MuUnH [MponunH

(Cys MC_ (Sec MU e a6

10.28 < 10 9.58
SH Se® \)
52

8.14

BokoBas Lenb LUcTeENHa ToxXe MoxXeT 0bpa3oBbiBaTh pasHbie
BOAOPOHbIE CBA3N

Mazmanian K. et al. (2016) Preferred Hydrogen-Bonding Partners of Cysteine:
Implications for Regulating Cys Functions. J. Phys. Chem. B., 120:39, 10288-10296.

MCTOYHUK pUCyHKa:
https://en.wikipedia.org/wiki/Amino_acid 1 5



C NOJTAPHbIMU H6okoBbIMU UenaAMmn HyxKHO YTO-TO Ae/iaTb

* Y 0enkoB 0ObIYHO MHOIO
NONSIPHbIX OCTaTKOB, U B
BoAe OHW MOryT ObITb
CBOOOHO 3KCMNOHUPOBaHbI

HapPyxXy

 BHyTpu mMemMOpaHbI 31O
9HEpPreTnYecKkn HeEBbIrOOHO:
9TUM rpyrnam He C Kem
obpa3oBaTb CBSI3b

LinToxpom ¢ nowagu
(PDB:1hrc)
Lys, Arg, His Asn, GIn, Ser,
Asp, Glu Thr 16



Kak nomectntb 6enoK 8 mMembpaHny?

TpeboBaHue:
BCe CnocobHble 0bpa3oBbIBaTb BOAOPOAHbLIE
N NOHHbIE CBA3M aTOMbl AOMKHbI ObITh yXKe
3a1eNCTBOBaHbI B TAKUX CBA3AX

PeweHune, 1 yacThb: PeweHue, 2 yacTsb:
YnakoBaTb MaBHyto Lenb 6enka B~ YopaTb 13 MembpaHbl CrocobHble
CTPYKTYPY, FOe BCE BO3MOXHbIE 06pa30BbIBaTb BOOOPOAHbIE CBA3Y
BOJOPOAHbIE CBA3W YXKe (Ser, Thr, Asn, GIn, Cys) 1
obpa3oBaHbI 0COBEHHO 3apsKeHHble

(Arg, Lys, Asp, Glu, His) ocTtaTku
1a) OgHa unu HeCKomnbKo

o.-cnupanen, NPOHM3bIBAIOLLINX I Ecnn Takme octaTky BCTpevatoTcsd
MembpaHy nocpeanHe MmemMmbpaHbl — OHU
(yalue Bcero) OOIMKHbI B3aUMOAEeNCTBOBATL C
OpYrumu Mmonekynamm (Hanpumenp,
16) Luknuyeckuin B-nucT obpa3oBbIBaTb ONIMTOMEPHbIN

KOMIMJ1EKC, KOOpPpOANHNPOBATb FeM) 17



PoTopHble MmembpaHHble ATP-cnHTa3bI

NcTOYHMK aHMMaumu:
http://www.mrc-mbu.cam.ac.uk/

LluTonnasmaTn4yeckKkas 4yacTb
(B TOM YnCrie KaTanmTnyeckum
rekcamep a,;3;)

MemOpaHHasa 4yacTb
(B TOM 4Yncne KosibLEeBOWN OfIUroMep
N3 HECKOMNbKUX C-CyObeanHuL,)

18


http://www.mrc-mbu.cam.ac.uk/
http://www.mrc-mbu.cam.ac.uk/
http://www.mrc-mbu.cam.ac.uk/

MembpaHHble benkn oTAnYaoTcA NO NOCNeN0BaTe/IbHOCTAM

LI

Wl
NcTouHMK aHumauuu: Vv

W
http://www.mrc-mbu.cam.ac.uk/
Wl
W
W
W
Wl
W
LI
LI
LI
LI
LI
LWE
LIS
LIS

L
L
L
L
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L
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L
L
L

L o o B T o w3
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w
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rrrrrrrrrr—— — — — — — —

LB B LU LB (BesB BBl amiB-
JLACEL v Y [ Y e B
U JLacE v Wl 1 LAl BBl B sl LB
| AAS M TR a8 L BB BB sl
havBio B v AL B A Blva A Bl
1 AMALM I Y I N eI o
VL AVALL | Wl 1 v A Bl LB T BB s LB
VI AWALL | il 1 v Bl LB T B VE s L BBt
VAVALL | BL il 1 v Bl LB T R s L BT
Al T A A vaIDAvA sTRIMsLviaciL
LBaaLAYS LEvEIL am BTma  BoLwwaviLL
7Bl A0 LBvsLam i BsTa BoBvvamiL
TABLT A LBvsLamiBsTa BoByvanmiL
VISELT I A LEVBMAaL vBsTA BcBy i TLIL)
P T AR T A LBVEL amvBsTa BoLwvemiLL
LTIl LEVEIL A 1BsTa BcBvvswmi

/- \

Cxema c-cybbeanHuLbl 19


http://www.mrc-mbu.cam.ac.uk/
http://www.mrc-mbu.cam.ac.uk/
http://www.mrc-mbu.cam.ac.uk/

PacnonoxeHue ruapodobHbIX OCTaTKOB

o-cnupanb B MeEMOpaHe:
HENMOJAPHbIE OCTATKU OOJT>KHbI
cnegoBaTb noapaAAa Apyr 3a
APYromM B nocrieaoBartesibHOCTU

< 3 A (BogoponHble CBA3K)

B-nucT B MembpaHe:

OCTaTKWN YepenyroTcs B
HanpaBlieHUN BHYTPb-HapPYXy OT
MNITOCKOCTU JINCTa

20



BHYTpU He obs3aTenbHO rmapodobHan cpeaa

B Buage B-nucros yacTo
OpraHn3oBaHbI
MOPUHLI, Yepes
KOTOpPble MOXET
OCYLLECTBIMATb

andpdpysna monekyn

(ATOMBI MOKpaLLeHbl No
XMMUYECKOMY TUMY, KpOMe
aTOMOB rfnaBHoOWM Uenu,
NoKpaLLeHHbIN besbim)

Oligogalacturonate-specific porin KdgM (PDB: 4fqe) 21



BHyTpK He obAasaTenbHo ruapodobHan cpena

‘ ' BuA «CHM3Y»

P

YacTo ObIBaeT, 4To
BHYTpPU [-O04YOHKa
HaxoauTca «npobkax»
N3 Opyrnx Yacrteu
benka nnu cBA3aHHbIX
MOJIEKYI

Fatty Acid Transporter FadL (PDB:2r88)
22



... a P-604OHOK He Bcerna membpaHHbIN

Menysa Benok GFP (green fluorescent

Aequorea victoria protein) ype3BblHaNHO LLUNPOKO
NPUMEHSAETCHA B FEHHON UH)XEHEPUN:
ero reH NPUCoeanHSIT K LerneBomMy
reHy 1 BU3yarbHO CMOTPSAT, rae
aKkcnpeccupyetca benok!

» AN
_ g i RN
s }‘I'i‘/'?

MCTOYHUK pUCYHKa:
https://en.wikipedia.org/wiki/Aequorea_victoria
Architecture of Aequorea victoria Green Fluorescent Protein

N-Tem;llnus -Helix
- C-Terminus

—Loops
NCTOYHUK pUCyHKa:
https://en.m.wikipedia.org/wiki/File:GFP_Mice_01.jpg
Figure 1
NCTOYHUK pUCyHKa:
https://zeiss-campus.magnet.fsu.edu/articles/probes/jellyfishfps.html 2 3



[18a BaXHbIX GpaKTa O KNeTOYHON membpaHe

(2)

KnetoyHass membpaHa
BCErJa OPUEeHTUPOBaHa,
T.€. ee [Be CTOPOHbI
Ka4yeCTBEHHO pa3nmM4yatoTcs

oD 4

OO0 ¥

[TonapHag
«rofloBKa»

[MapodobHbIe

«XBOCTbI»

JTnnnaHbIv
bucnoun
~ 40A

24



OpueHTauna membpaHbl U TpaHCMeMbpaHHble 6enku

«3asAKOPEHHbIN» @

b6enok
n-cTopoHa Q
100 0, @,

«QHepre-
TpaHc- TUYECKUIN»
noprtep bernok

O CD& )Cx}k )O O

p-CTOpPOHa

BHelwwHaA @
cpepa

LinTonnasma

PeuenTop

25



Mpasuno “positive-inside”

YacTb benka, pacnonoXxeHHas C N-CTOPOHbI
OT MeMbpaHbI (UnTonasma bakrtepuwm,
MaTPUKC MUTOXOHOPUN N CTPOMa
XJfioponsacTta No OTHOLLIEHWNIO K BHYTPEHHUM
MemMmbpaHam 1 T.M.), coaepXxnt bonbLue
NOJIOXKUTENbHO 3apPAXXEeHHbIX OCTaTKOB
(Lys, Arg, His)

O
®

Gunnar von Heijne (1992)

Membrane protein structure prediction: hydrophobicity analysis and
the positive-inside rule

J Mol Biol, 225(2):487-494




Cepsuc DeepTMHMM

Deep TMHMM — nporpamma onsa npenckasaHus
TpaHCMeMOpaHHbIX Y4aCTKOB MO NoclieoBaTeNIbHOCTU

https://dtu.biolib.com/Deep TMHMM

PDB :nyn, uen b B DeepTMHMM - Most Likely Topology | Type: alpha TM
Outside
Membrane l
Inside
0 50 100 150 200 250
DeepTMHMM - Posterior Probabilities
10—
0.8
-
£ 0.6
s
8
£ 0.4
—— Membrane
0.2 Inside
" —— Qutside
Signal
20 50 100 150 200 250

Sequence

27


https://dtu.biolib.com/DeepTMHMM

[pumep: CyKUuMHaTAernaporeHasa

2WP9 4
2WP9 4
2WP9 4
2WP9 4
2WP9 4
2WP9 4
2WP9 4

  !£1” |

b 2,

c: *é d £ 06

> W [

J B 5 8

“ b \ @ = 0.4
0.2
0.0

PDB:2wp9, uenb D

Tononorus:
inside 1 16
TMhelix 17 39
outside 40 54
TMhelix 55 80
inside 81 87
TMhelix 88 113
outside 114 115

40

DeepTMHMM - Posterior Probabilities

— Membrane
Inside
— Qutside

60 20
Sequence

100 120

28



I'Ipwv\ep BblAd4yn C CUrHaJIbHbIM NENTUAOOM

DeepTMHMM - Most Likely Topology | Type: beta

Outside r

7~ Periplasm
J 100 150 175

¢ Ve

DeepTMHMM - Posterior Probabilities

3 4;
1 0.8
Fy — Beta
' = 0.6 —— Periplasm
' E — Qutside
\' : E 0.4 Signal
{ 0.0 J
fv 0 25 50 75 100 125 150 175
/ ‘; ‘—'—’ Sequence
26- 28 OTpesaeTcs,
Attachment invasion B 3periom benke
locus protein (PDB:3qra) HeT!

29



ba3a aaHHbIX OPM

(Orientation of Proteins in the Membrane)
http://opm.phar.umich.edu/

B 6ase gaHHbIX PDB:2zzl
coaepxarcd Nn-CTOpoOHa
npeackasaHus o
NoNoOXeHnn 0ernkos
OTHOCUTENBLHO
MeMOpaHbI

* EcTb cepBep (PPM) anga
co3gaHua npeackasaHus
ans nodoro NCXoaHoro

6enka no PDB-gavny -CTop%cH)Ha

- \W‘
t

30


http://opm.phar.umich.edu/

[MonesHanA cnpaso4YHaa MHGOpPMaLUA

OPM it g S UNIVERSITY OF MICHIGAN | COLLEGE OF PHARMACY | LOMIZE GROUP
Lo - {h
: —
.‘_,_,. __
; search

HOME ABOUT OPM  BIOLOGICAL MEMBRANES SEARCH DOWNLOAD OPM FILES  CONTACT US

protein Classification | Orientations of Proteins in Membranes (OPM) database

Types (3) OPM provides spatial arrangements of membrane proteins with respect to
Classes (11) the hydrocarbon core of the lipid bilayer.
Superfamilies (530) OPM includes all unigue experimental structures of transmembrane proteins 00000000000000000000000
Families (1090) and some peripheral proteins and membrane-active peptides (Features). = ’ \
Species (1056) Each protein is positioned in a lipid bilayer of adjustable thickness and y ’
Localizations (24) curvature by minimizing its transfer energy from water to the membrane
4
) {Methods). -

Proteins (8915) \)b ™

OPM provides structural classification and sorting according to different T --’J-‘_ ’ -

criteria (Classification). 0~
Assembly . .. .

OPM also provides a few preliminary results of our computational
Superfamilies (9) analysis of transmembrane a-helix association in experimental Synaptobrevin homolog 1 pdb-
Families (19) structures of selected polytopic proteins (Assembly pages). liou
Localizations (8) For more information on single-spanning transmembrane proteins

Assemblies (205) please see our Membranome database bownload File: Liou.pdb
In citing the Orientations of Proteins in Membranes (OPM) database T
please refer to

Protein Links Lomize MA, Pogozheva ID, Joo H., Mosberg HI, Lomize AL {2012) OPM

database and PPM web server: resources for positioning of proteins in

membranes. Nucleic Acids Res. 40 (Database issue), D370-D376. PDF PubMed &

PDB Sum &, PDE &, MPKS &,
MPDE &

For an explanation of our method please refer to
Lomize AL, Pogozheva 1D, Lomize MA, Mosberg HI (2006) Positioning of proteins in membranes: A computational

PPM Server approach. Protein Science. 15, 1318-1333. PDF PubMed &7
e P Lomize AL, Pogozheva 1D, Mosberg HI {2011) Anisotropic solvent medel of the lipid bilayer. 2. Energetics of insertion
i:%— w of small molecules, peptides, and proteins in membranes. J Chem Inf Model. 51, 930-946. PDF PDF (supplementary)
¥ PubMed &

31



3anucb B base aaHHbIX OPM

1u7g » Ammonia Channel

» Type: 1. Transmembrane (3 classes)
» Cfass: 1.1. Alpha-helical polytopic {105 superfamilies)
» Superfamily: 1.1.017. Ammonia and urea transporters (2 families) 1.4.11 (TCDB) &
» Famify: 1.1.17.01. Ammonia transporter Amt (8 proteins) 1.4.11 (TCDB) &
;

v Species: Escherichia coli (240 proteins)
» [ocalization: Bacterial Gram-negative inner membrane (440 proteins)

1u7g » Ammonia Channel

Hydrophobic Thickness 22.8 + 1.3 &

Tilt Angle 0 + 0°

AGy ansfer -148.7 kcal/mol G—l

Links to 1uFg PDE Sum @, PDBE @, SCOP @), MSD @, OCA @, MMDB @

30 view in Jmaol @ or Webmaol

Topology subunit & (M-terminus out)

: Download Coordinates
Resolution 1.40 &
Other PDB entries 1u77, 1u7c, 1xge, 1xqf, 2nmr, 2nop, 2now, 2npc, 2npd, Tepelogy in Bacterial Gram-negative inner
representing this 2npe, 2npa, 2npj, 2npk, 3cig, 3cih, 3cii, 3cij, 4nh2 f_‘_\emb"sne
structure : out side
Number of TM 33 in side

Secondary Structures

3 transmembrane subunits
A - Tilt: 7% - Segments: 1(11-32), 2(44-68), 3(98-120), 4(125-149), 5(164-179), 6(200-219), 7(227-251), 8(258-278), 9(281-299), 10(312-333), 11(349-377)
B - Tilt: 7° - Segments: 1{11-32), 2(44-68), 3(98-120), 4(125-149), 5({164-179), 6(200-219), 7(227-251), 8(258-278), 9(281-299), 10(312-333), 11(349-377)

C - Tilt: 7° - Segments: 1(11-32), 2(44-68), 3(98-120), 4({125-149), 5(164-179), 6(200-219), 7{227-251), 8(258-278), 9(281-299), 10(312-333), 11(349-377)

32



«TonwmHa ruapodpobHoMn YacTn»

« TonwwnHa membpaHbl —
okorno 4 HMm (40A).

* Ho— 31O BMecTe C
rofioBKamu
doocdonunnaos (a oHK
bornbLune!)

 BenununHa D noatomy
BCerga MeHblle
«TabNM4YHOro» 3Ha4YeHus

Figure 1. Schematic representation of a transmembrane
protein in a hydrophobic slab.

d, shift along the bilayer normal; D, hydrophobic thickness
(D=2z,); @, rotation angle;T, tilt angle.

NcTouHnk pucyHka:https://opm.phar.umich.edu/about#methods and_definitions

33



DeepTMHMM mox<eT owmnbatbea

Kak Bbl AymaeTte, no4yemy B AJaHHOM
cnyvyae DeepTMHMM He cmor
npeackasartb TpaHCMEeMOpPaHHbIX

DeepTMHMM - Most Likely Topology | Type: Globular
Outside
Membrane
inside 100 200 300 400
DeepTMHMM - Posterior Probabilities
1.0
0.8
=
£ 06
0
1+
=]
£ 04
0.2
—— Qutside
00 100 200 300 400

Sequence

Cation efflux system protein CusC (PDB:3pik) 34



ba3a aaHHbIX TpaHcnopTepos TCDB

http://www.tcdb.org/

[Tone3Hasa 6a3a JaHHbIX: MOXHO HAaUTU Denku
CXO[Hble C 3aJaHHbIM B DOa3e, no4nTtaTtb NPO HUX
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TCDB is operated by the Saier Lab Biginformatics Group

SOFTWARE/TOOLS

BLAST

SUBSTRATE SEARCH TOOL
TMS STATISTICS TOOL
PSIBLAST

BIO-TOOLS

MAPPING FILES

TC-DOMS

QUICK ACCESS

STRUCTURE DATA

HUMAN TRANSPORTERS
TRANSPORTERS &
DISEASES

PREDICTED EVOLUTIONARY
PATHWAYS

What do you think of TCDB?

You can EMAIL us any guestions
comments, or suggestions.
Alternatively, yvou can also send us
a message through the CONTACT
page of the Saier lab's website.

Functional and Phylogenetic Classification of Membrane Trans

The database details a comprehensive |UBMB approved classification system for membrane transpo

HOME CONTENTS  SUPERFAMILIES | TC-SYSTEM HELP

roteins

=ins known as the

Transporter Classification (TC) system. The T
of enzymes, except that it incorporates both f
external references for 1920 families of transg
criteria, and each of these criteria correspond
type of transporter.

(vou can find more defailed information about the T

Some facts about TCDB:
» I'CDB is a curated database of factual infor

» The database contains .

0 protein sequen

» These proteins are classified into 1920 frans
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