CtpoeHue benkos
CTpyKTypa 1 opraHusaums

lonosunH A.B.!

IMrY um M.B. JloMoHocoBa, DakynbTeT BuonHxeHepun 1 BruonHpopmaTtnkm

MockBa, 2013



Copep>xaHue:

BBepeHune

YPOBHW OpraHM3aunmn CTpyKTypbl benka
Tunbl B3anMoaencTenm B benkax

PDB

Bu3yanusaums c PyMol

i
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Conoep>xaHue Kypca, nekumm

* BBeneHune

* baHk cTpykTyp PDB.

* Buayanusaumsa cTpykTypbl buononmmepos, PyMol

* Ba3sbl AaHHbIX 6MonoMmepoB

* MpepackasaHue CTpYKTyp 6enkos

* MoaennpoBaHue camocbopkm

* MoWNCK HOBbIX BU0-aKTMBHbIX MOJIEKYJT U XUMOMHPOPMATHKA
* MpeackasaHve BTOPUYHOM CTPYKTYpbl PHK.

* MakpoMOoNeKySpHbIN OKNHI

vy
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rlpaKTl/I‘-IeCKVIe HaBbIKWA

« Pymol: ckpunToBaHne 1 aHMMauus, BU3yanm3aums.

* Modeller: romonornyHoe moaennpoBaHne, BHECEHME MyTaL M B
CTPYKTYPY.
* Modeller: nocTpoeHne CNOXHbIX YeTBEPTUYHbIX CTPYKTYP.

+ Autodock: MpoBOANTb AOKUHT HU3KOMOEKY/IAPHbIX INFaHAOB B
CTPYKTYpY benka.

+ Autodock: MpoBoANTb MNONCK KaHANAATOB NHITMOUTOPOB B
6nbnnoTeke coegMHEHNN.

- OpenBabel: Mcnonb3oBaTb XMMOMHbOPMaTHYecKme H6asbl
NaHHbIX.

+ Zdock: MpepackasbiBaTb CTPYKTYPY KOMMIEKCa ABYX
6rononmmepos.

* Foldit: MrpaTb B camocbopky benka.

vy
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CprKTypa KaTaJIMTUHEeCKOro aHTnTte/Jia

i
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Paspgen: BeepeHue

YTo Takoe 6esiok?

BesIku — BbICOKOMOJIEKY/IAPHbIE OpraHnYeckune BellecTsa,
COCTOAILLME N3 COEAMHEHHDIX B LLEMOYKY NenTUAHOM CBA3bIO
anbda-ammHokncnot.(wikipedia)

\
I R R S
Ry H H O R3

Nnun: 6en10K 3To INHENHbIV NONIAPHbLIN NOJINMEP, FAe MOHOMEPaMu
ABnAeTcA Bbibopka 13 npumepHo 20 L-anbda-aMUHOKNCIIOT.

vy
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SR ceneHve
YTto Takoe L anbda-aMMHOKMCNOTA?

H

/C
“H
w\
aToM yriiepo/ia B sp° ru6puamn3aLmmn MMeeT TeTpasapnyeckoe OKpy>XeHne

H R H R

4““ / \ ".:
C C
VAN /N
NH co NH Co

L-ammnHokuncnoTa D-aMmnHoKKcnoTa

i
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Pazpe. Beegexve

A Amino Acids with Electrically Charged Side Chains

Positive pleoalie B, Amino Acids with Polar Uncharged Side Chains

Arginine Histidine Lysine AsparticAcd  Glutamic Acid Serine Threonine Asparagine Glutamine
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FfonosuH A.B. (PBB MrY)



rleI'ITM,EI,HaFI CBA3b, TAYyTOMEPUA

Ry H H Ry H

N \ 7
NSNS = NSNS
/- /.

0 H Rg OH H R»
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MenTnaHaAa cBA3b, CBOMCTBA

* NenTnaHaga cBA3b npo4yHee, 4eM gpyrme amnbl

* Atombl nentngHoro 3BeHa ( C,-C-N- C,) nexart B ogHOM
NA0CKOCTH

* BaneHTHble yraibly atomoB C 1 N npuMepHO paBHbl 120°
* BpaweHue Bokpyr cBsian C-N 3aTpyaAHEHO

* BO3MOXHbI Cis- 1 trans-koHburypaumm; B 6enkax npeobnanatot
trans

* Kapb6oHWMbHbIN KUCIOPO/, — XOPOLIKMIA aKLLeNnTop BOA0pPOAa
* AMMAHbIN a30T — XOPOLUMM AOHOP BOAOPOAA

vy
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Pasgen: BeegeHue

BpallleHnA BOKPYr cBA3en B 0oCcToBe besika

VAN

i
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Pasgen: BeegeHue

JIByrpaHHbie (TOPCMOHHbIE) Yibl

i
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Paspgen: BeepeHue

JIByrpaHHble (TOPCMOHHbIE) Yibl

MoryT npMHMMaTb 3HaYeHusa ot -180 po +180

MocTpOMM npoekunn BCex cBA3eN Ha
M70CKOCTb, MEPMEHANKYIAPHYIO  CBA3M

B D coBmewaetca ¢ B A
NOBOPOTOM MPOTWB 4acoBOW noBOpPOTOM no
B-C

B D cosBmewgaetca ¢ B A

YacoBoit
CTpenkun cTpenke

i

FonosuH A.B. (®BB MrIY) OceHb, 2013 14/ 46



Pasgen: BeegeHue

BpalleHna BOKPYr cBA3el B ocToBe 6eska
NS O
C N4 C
w
NI W & N
C / "

i } TeopeTnyeckn moryt 6biTb: oT —180° o +180°
aw?

i
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Paspgen: BeepeHue

KapTa PamMayaHapaHa

[axke B NOJIMIMNLMHOBOM LIeNK CyLLLECTBYIOT CTepUYeckune
OrpaHuYyeHusn

180°,

—_——

-180°4

KapTa 3anpewerHsbix (il ) koHbopmauuii ranymHa

s
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YPOBHW OpraHun3aumm cTpyKTypbl 6esnka

* MepBMYHAA CTPYKTYpPa

* BTOpM4YHaA cTpyKTypa

* Yknagka (fold)

* TpeTn4yHasa CTpyKTypa

* YeTBepTUYHAA CTPYKTYpa

i
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MepBUYHAA CTPYKTYPa

MepBUYHAA CTPYKTYPA — 3TO aMUHOKNCIOTHASA NOC/1Ie40BaTE/IbHOCTb:

Met-Ala-Gly-Trp-Ala-Val-Asp ...

i
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Paszfen:  YpoBHW OpraHu3auumn CTpyKTypbl 6en1ka

BTopunyHasa cTpyKTypa

BTopuyHana CTPYKTypa
6enkKa - 3T0 yNopsiAOYEHHble PACcnoJIOXKEeHNSs aTOMOB

OCHOBHOW Lenun noannenTraa, 6€30THOCMTENbHO
K Tunam 60koBbIX Lenen (rpynn) n nx kKoHpopMaumam.
Ecnm ynopago4YeHHOCTb TaKOBa, YTO ABYrPaHHbIE YIbl
OZIMHAKOBbI y BCEX OCTATKOB, TO TOBOPAT O PEryNApHON o ¢

BTOPUYHOM CTPYKTYpe. PerynapHbIMN BTOPUYHbIMM Prgmn
CTPYKTYPaMM ABAAIOTCA CNMNPANIN U S— CTPYKTYPbl. “"/‘72, ..... : é'
el Q2

MpuMep HeperynapHon BTOPUYHOW CTPYKTYPbI
B-noBopoT (8-13rnb, peBepCcmnBHbLIN NOBOPOT).
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Paszfen:  YpoBHW OpraHu3auumn CTpyKTypbl 6en1ka

BTopu4yHaa cTpyKkTypa

JIio6yto perynsapHyo CTpYKTYPY MOXHO NpeAcTaBWTb B BUAE JIMHENHOW
rpynnsl, T.e. cnupann. CNupanab MOXHO ONNCaTb C MOMOLLbIO C/IeAYHLWNX
napaMeTpoB:

d - cMelleHKne BOO/Ib OCK, B pacyeTe Ha 1 anemeHT (aTom C,),

r — pacctoaHue ot C,—aToMma 10 oCH,

N — YMNCII0 3/IEMEHTOB Ha OAWH BUTOK CNNPan, XMPaabHOCTb (HanpassieHne
3aKPYTKN) ONpefensieTcs 3HakoM , «+» - IPABO 3aKPYUYEHHbIe CTPYKTYPbI, «-»
— /IeBO3aKpy4eHHble.

/T.Wynbu, P.LLUMpMep «MpUHLMNbI CTPYKTYPHOWN OpraHunsaumm 6enkos»/

=

nd

k——lur———.{

vy
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Pasgen: YpoBHM OpraHM3aLum CTPYKTYypbl 6eska

Perynﬂprle BTOPUYHbIE CTPYKTYPbI

a) a-Helix b) Parallel B-Sheet c) Anti-Parallel B-Sheet

i
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Pazpen:

Yknapgka (fold)

YKN3aAKOW Ha3bIBaIOT OPraHN3aLmio B MPOCTPAHCTBE 3/IEMEHTOB
peryiiapHoi BTOPUYHOWN CTPYKTYPbl.

MpuMep: a-cNnpasbHble 6enkn

YPOBHM OpPraH13aLmMn CTPYKTYpbI 6eska

-
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Paszfen:  YpoBHW OpraHu3auumn CTpyKTypbl 6en1ka

3 CTPYKTYpPHble 6enku

h ay am oo

v ) N ¢
/ 32147658 27456381
( TPEYECKIII KJIOY PYJIET
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Pasgen: YpoBHM OpraHM3aLum CTPYKTYypbl 6eska

Pacnpen,eneHMe B npnpoae
P p &

i
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Pazgen: YpoBHM OpPraHM3aLum CTPYKTYypbl 6enka

TpeTnyHasa CTpYKTypa

TpPeTUYHOM CTPYKTYPOM Ha3bIBAIOT PACMNOJIOXKEHWE B MPOCTPAHCTBE
BCEX aTOMOB OZIHOW NO/IMNENTUAHON Lienw.
T.e. onNvcaHne TPETUYHOWM CTPYKTYPbI BKJIHOYaeT B cebs:

* OMMCaHWe 3JIEMEHTOB BTOPUYHOW CTPYKTYPbI,
© OMMCaHWe TUNa yKNaaKw,
* OMMCaHWe CTPYKTYpPbl NeTeb,

* onncaHne KoHpopMaLmn 6OKOBbIX FPYMNM BCEX aMUHOKNCIOTHbIX
OCTaTKOB.

vy
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Pazpen: Tunbl B3aMmMoaencTeui B 6enkax

BcrioMoraTesibHble B3aMMOAENCTBUA: BOAOPOLHbIE
CBA3M

i

FonosuH A.B. (®BB MrIY) OceHb, 2013 26 /46



MNOHHble napsbl

i
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Pazpen: Tunbl B3aMmMoaencTeui B 6enkax

OncynbdunaHble MOCTUKN XapaKTepHbl A1
cekpeTupyembix benkos

i
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Pazpen: Tunbl B3aMmMoaencTeui B 6enkax

‘mapodobHblie B3aMMOAeNCTBMA — I1aBHbIN GpaKTop,
33cTaBAfaOWMIN rNobyny cBepTbIBaTbCA

COO~
~00C - - COO~
/ \
_OOCW WCOO—
\ /
~00C . “~4A COO-
COO~

i
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Pasgen: Tunbl B3aMMoaencTemii B 6enkax

OT YeTBEPTMYHOM CTPYKTYPbI K MOJIEKY/IAPHbIM
MaLlnHaM

F1-ATPase

Y - subunit
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Paspgen: PDB

OCHOBHble 3Tanbl pacwndpoBKM 3D-CTPYKTYPbI

DKCNEePUMEHT

Detector
(e.g., film)

X-ray
source

Diffracted
beams

FfonosuH A.B. (PBB MrY)

OceHb, 2013
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Pasgen: PDB

OCHOBHbIe 3Tanbl paclndpoBkm 3D-CTPYKTYPbI

BbluncneHus n mogennpoBaHue

B e

.123 77.795 11.
1949 78.814 11.
.907 78.113 12.
1292 76.978 12.
.706 79.638 10.
.635 80.765 11.
.718 82.122 10.
1234 82,152 9.
.418 83.510 8.

.068 78.114 14.
.531 77.128 15.
.321 76.902 16.
399 76.581 16.
.000 75.559 17.
.661 74.380 16.
0320 74.195 15.

l918 75.630 2.
273 75.849 20,
.051 74.608 20.

847

OceHb, 2013
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Pasgen: PDB

OCHOBHbIe 3Tanbl paclndpoBkm 3D-CTPYKTYPbI

AHanu3

N LYSA 27 -35123 77.795
CA LYSA 27 -35949 78.814
C LYSA 27 -36.907 78113
O LYSA 27 -37.292 76.978
CB LYSA 27 -36.706 79.638
CG LYSA 27 -37.635 80.765
D LYSA 27 -37.718 82.122
CE LYSA 27 -38.234 82152
NZ LYSA 27 -38.418 83.510
N GYA 28 -37.102 78.672
CA GYA 28 -38.068 78114
C GYA 28 -37.531 77.128
O GYA 28 -36.321 76.902
N LEUA 29 -38.399 76.581
CA LEUA 29 -38.000 75.559
C LEUA 29 -37.661 74.380
O LEUA 29 -38.320 74.195
CB LEUA 29 -39.135 75.187
CG LEUA 29 -38.918 75.630
CDL LEUA 29 -40.273 75.849
CD2 LEUA 29 -38.051 74.608

MporpaMMbl ons BU3yanusaumm u aHanmsa 3D —

RasMol, PyMol, SPDBViewer, WebMo|, .......

OceHb, 2013

i
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Pazpgen

PDB

BpykxenBeHCKMN BaHK MPOCTPAHCTBEHHbIX CTPYKTYP

PDB

0 0 0

~ Fiefox
[RoMJics]imm

) arch linux utf,
8 unxvt pycen

rm terminus.

terminus 8 xte.

8 xterm font si.

8 newine fco.

postion.
~RCSB
+

x

5B Protein...1) X

x

x
x

o=
[}

=
PROTEIN DATA BANK

sperator

» memser or Tve SIPDB

PDB-101

s of Tuesday Sep 04,2012 at 5 PM PDT there are 84381 Structures | PDB Statistics b4 £ @ &

Search | All ategories:

All Categories 2, Author i Macromolecule  ® Sequence  (J Ligand @

9., PDB ID, molecule name, author

(2

& Browse  ® Advanced

Available on the
D App Store

Structural View of Biology
Understanding PDB Data

Educational Resources
Author Profiles

3+ MyPDB. Hide
Login to your Account
Register a New Account

News & Publications
Usage/Reference Policies
Deposition Policies
Website FAQ

Deposition FAQ

About Us

External Links
Sitemap

Biological Macromolecular Resource

Full Description

+ Featured Molecules
Structural View of Biology
Biological
Energy

wue
Molecule of the Month

Pyruvate Dehydrogenase Complex

List View of Archive By: Title | Date | Category

Latest Release
NewStructure Papers

e Search Unreleased Entries

Revision History

Latest features released:

d Website Release Archive:

the se

Full Article

Protein Structure Initiative Featured System
Solute Channels
t il molecul

9y 3 id
cycle. The reaction is performed in three separate steps by three separate enzymes, but all

 RCSBPDBNews  Hide
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Head Back to School with
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Visit PDB-101 for educational
resources that help students.
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Pasgen: PDB

Protein Data Bank

+ O[Ha 3aNnCb (IOKYMEHT) COOTBETCTBYET OZIHOMY 3KCMEPUMEHTY
no onpefeneHnio NPOCTPAHCTBEHHOM CTPYKTYPbI
MaKPOMOJIeKYJTbl MM KOMIIEKCA MOJIEKY/T

* ApXUMBHbI 6aHK — 33 coAepXKaHMe 3aMMCK OTBEYAIOT aBTOPbI
COOTBETCTBYIOLLLEN PabOThI

+ COBMECTHO NnoaaepX1BaeTcs yHMBepcMTeTom Rutgers (wtat
Hobto-A>xepcn); EBI (AHrnma) n BIRD (Institute for Bioinformatics
Research and Development, inoHwns)

+ Aapeca B MIHTepHeTe: http://www.rcsb.org/pdb,
http://www.ebi.ac.uk/msd/, http://www.pdbj.org/ .

+ CalnTbl CHabXKeHbl NONCKOBbLIMM CUCTEMAMU
* Bce 3anmncm oTKpbITbl 4J11 KONMPOBaHUA Yepes FTP

vy
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Pasgen PDB

YTto xpaHutca B PDB?

An Information Portal to Biological Macromolecular Structures
OTEIN DATA BANK As of Tuesday Nov 10, 2009 at 4 PM PST there are 61418 Structures ] @ | PDB Statistics @

PDB ID or kevword

e

ome .
[— PDB Current Holdings Breakdown

Proteins  NudeicAcds  Erotein/NA
- Complexes
sdback X-ray 49409 1176 2289 17 52891
ut s
e NMR 7082 874 150 6 8112
Exp. Electron Microscopy 175 16 66 o 257
Deposit Services Method Hybrid 18 1 1 1 21
<tron Microscopy
R Other 116 4 4 13 137
idation Server
Sync Beamline Total 56800 2071 2510 37 61418
ated Tools

i
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Pasgen: PDB

3anncb PDB

* UpneHtnodukatop 3anucn (PDB ID, PDB-koa) Buaa 1XYZ (undpa u
Tpwy 6ykBbl/uMdpbl) Hanpumep: 1B8I, 9ANT, 10MH

+ Kaxkgana 3anmcb CoAep>XMUT KOOPAMHATLI LLeHTPOB aTOMOB (B
HEKOTOPOW NPOM3BOJIbHOW CMCTEME KOOPAMHAT) U1
ConpoBOXJaatoLLyto MHPOpMaLNIO

+ Kaxx[asa 3anncb ecTb TEKCTOBbIV ¢pana cneumnanbHoro ¢opmaTta
(PDB-¢dopmar)

vy
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34€. PDB

3aronoBok PDB-danna

HEADER
TITLE
COMPND
COMPND
COMPND
COMPND
COMPND
COMPND
COMPND
COMPND
SOURCE
SOURCE
SOURCE
SOURCE
KEYWDS
KEYWDS
EXPDTA
AUTHOR
REVDAT
JRNL
JRNL
JRNL
JRNL
JRNL

COMPLEX (DNA-BINDING PROTEIN/DNA) 27-APR-97  1WET
STRUCTURE OF THE PURR-GUANINE-PURF OPERATOR COMPLEX
MOL_ID: 1;
MOLECULE: PURINE REPRESSOR-GUANINE-PURF-OPERATOR;
CHAIN: A;
MOL_ID: 2;
MOLECULE: DNA (AACGAAAACGTTTTCGT);
CHAIN: B;
ENGINEERED: YES;
BIOLOGICAL_UNIT: HOMODIMER
MOL_ID: 1;
2 ORGANISM_SCIENTIFIC: ESCHERICHIA COLI;
3 MOL_ID: 2;
4 SYNTHETIC: YES
DNA-BINDING REGULATORY PROTEIN, REPRESSOR,
2 COMPLEX (DNA-BINDING PROTEIN/DNA)
X-RAY DIFFRACTION
M. A.SCHUMACHER,, A.GLASFELD ,H.ZALKIN,R.G.BRENNAN
1 12-NOV-97 1WET O
AUTH  M.A.SCHUMACHER,A.GLASFELD,H.ZALKIN,R.G.BRENNAN
TITL THE X-RAY STRUCTURE OF THE PURR-GUANINE-PURF
TITL 2 OPERATOR COMPLEX REVEALS THE CONTRIBUTIONS OF
TITL 3 COMPLEMENTARY ELECTROSTATIC SURFACES AND A
TITL 4 WATER-MEDIATED HYDROGEN BOND TO COREPRESSOR

N oUW N

i
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34€. PDB

KoopanHaTtbl aTomoB B PDB-danne

ATOM 1 N THRA 3 16.514 -2.279 12.062 1.00 43.86 N
ATOM 2 CA THRA 3 17.180 -2.102 13.371 1.00 45.43 C
ATOM 3 C THRA 3 16.995 -0.675 13.903 1.00 48.26 C
ATOM 4 0 THRA 3 16.888 -0.476 15.109 1.00 56.27 0
ATOM 5 CB THRA 3 18.658 -2.818 13.510 1.00 61.61 C
ATOM 6 0GL THR A 3 18.953 -3.305 14.848 1.00 40.35 0
ATOM 7 CG2 THR A 3 19.796 -1.970 12.934 1.00 66.69 C
ATOM 8 N ILEA 4 16.880 0.318 13.028 1.00 35.25 N
ATOM 9 CA ILEA 4 16.614 1.653 13.545 1.00 31.81 C
ATOM 10 C ILEA 4 15.180 1.537 14.149 1.00 36.74 C
ATOM 11 0 ILEA 4 14.824 2.204 15.125 1.00 23.77 0
ATOM 12 CB ILEA 4 16.557 2.686 12.441 1.00 32.25 C
ATOM 13 CG1 ILEA 4 16.613 4.069 13.040 1.00 32.26 [
ATOM 14 CG2 ILEA 4 16.242 2.611 11.664 1.00 22.31 C
ATOM 156 CD1 ILEA 4 16.468 5.127 11.966 1.00 56.11 C
ATOM 16 N LYSA 5 14.363 0.675 13.544 1.00 41.48 N
ATOM 17 CA LYSA 5 13.005 0.429 14.018 1.00 40.63 C
ATOM 18 C LYSA 5 13.126 -0.115 15.426 1.00 43.60 C
ATOM 19 0 LYSA 5 12.360 0.211 16.357 1.00 45.74 0
ATOM 20 CB LYSA 5 12.399 -0.681 13.198 1.00 41.30 C
ATOM 21 CG LYSA 5 11.236 -0.268 12.361 1.00 61.61 C
ATOM 22 CD LYSA 5 11.427 -0.757 10.930 1.00 66.72 C
ATOM 23 CE LYSA 5 10.112 -0.760 10.137 1.00 90.19 C
ATOM 24 NZ LYSA 5 10.059 -1.825 9.080 1.00 69.42 N
ATOM 26 N ASPA 6 14.102 -0.973 15.597 1.00 38.66 N

i
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Busyanumsaumsa c PyMol

i

e

*

i
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Pazgen: Bwusyanusauma c PyMol

PuOL

O o olole|~|e]s]
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na yero Hy>keH PyMol

* Busyanusauua pdb 1 npoumnx $pannos c koopamHaTamMn aToMoOB
* M3roToBNEHNE BbICOKOKAYECTBEHHbIX N306paXxeHni
* HayanbHOEe peakTUPOBaHME CTPYKTYP

i
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CucteMHble TpeboBaHMA

KoMnbloTep: 4em MoLLHee npoueccop v 4yem 6osiblie NaMaTn, TeMm
nydie

3D MoHUTOPp He ob6a3aTesieH, HO NoAJepXMBaeTcAa

OnepauunoHHasa cucteMa: ntobas, nos Linux npolle ycTaHOBUTb, U OH
Nydile paboTaeT c NaMATbHo.

i
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Pazgen: Bwusyanusauma c PyMol

Kak yCTaHOBUTbL?

+ Komnunauma ns ncxoaHmkos: http://pymol.svn.sourceforge.net/

 YcTtaHoBKa 6uHapHbIx nakeToB B Ubuntu Linux: sudo apt-get
install pymol

* YcTaHoBKa 6MHapHbIX NnakeToB B Windows:

 Pecypc anq yctaHoBKku ¢ python:
http://www.lfd.uci.edu/~gohlke/pythonlibs/#pymol

* Komnunauma nog Windows:
http://arcib.dowling.edu/~darakevn/installerpaper.pdf
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http://www.lfd.uci.edu/~gohlke/pythonlibs/#pymol
http://arcib.dowling.edu/~darakevn/installerpaper.pdf

PyMol - 310 GPL nporpamma?

[a, PyMol 3T1o GPL-nporpamma;
* MCXOAHbIN KOA AOCTYMeH Ha sourceforge.net

* BuHapHble nakeTbl A/19 Windows CTOAT ieHer 1 NpoAaloTCA:
http://pymol.org/academic.html

* BrHapHble nakeTbl AN Linux cobupatoTca manTeHepammn
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