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bloinformatics
centre -

Levels of protein structure: 0,1

m Zeroth: amino acid composition — no
structural information

= Primary

= This is simply the order of covalent
linkages along the polypeptide chain,
|.e. the sequence itself




bilainforr
L

,/ Levels of protein structure: 2

= Secondary

= |_ocal organization of the protein
backbone: a-helix, B-strand (which
assemble into p-sheets), turn and
interconnecting loop




bisinformatic
"

Levels of protein structure: 3

= packing of secondary
structure elements

Into a compact
-~ spatial unit



/ Structural classes: 2

o/p (parallel p-sheet) o+p (antiparallel -sheet)

Most popular class!



Analyza sekvence proteinu

- statisticka analyza
- identifikace motivu (vzoru) typickych pro whrané funkece
- strukturni modelovani (ab initio, fragmentove
metody, threading, homologni modelovani)
- dalSi nastroje pro predpovidani funkce a struktury



Statisticka analyza

Zastoupeni dipeptidu
V proteinovych
sekvencich

24174 LL
18928 SG
18914 SL
18843 AL
18785 LA
18675 AA
18629 LS

17616 SS

17397 GL
16309 GG
16120 LG
15790 AS
15769 LE
15510 LV
15416 AG
15390 AV
15328 GS
15319 VL

1384 MM
1348 HW
1345 PC
1339 QW
1337 NC
1324 WF
1267 CN
1241 CF
1175 WQ
1156 QC
1138 CY
1087 WM
1026 HM
985 WP
929 HC
883 CH
718 WH
718 CC
640 CM
553 MC
526 WW



Statisticka analyza

Zlozeni dipeptidu Ize wuzit k hodnoceni podobnosti,
které je uréitym zpusobem dokonalejSi nez
Needleman-Wunsch

MASAQSFYLLFNMVLADHSHQ
MA, AS, SA, AQ, OS, FY, YL, LL, LF, FN, NM, MV, VL, LA, AD, DH, HS, SH, HQ

FNMVLADHSHQMASAQSFYLL
MA, AS, SA, AQ, OS, FY, YL, LL, HQ, FN, NM, MV, VL, LA, AD, DH, HS, SH, HQ
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Matice PAM 250




Vicenasobneé zarovnani proteinu

Snaha minimalizovat soucet skore vSech dvgjic

S(v) = SUM(sm,sn), kde m<n



Vicenasobné zarovnani proteint

rhodopsins
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Vicenasobneé zarovnani proteinu

- metoda vicerozmeéerného DP
- metoda progresivnino zarovnavani
- cela sada ruznych heuristik pro zrychleni



Vicenasobneé zarovnani proteinu

F(i,},k)

Metoda vicerozmerneho DP
/
/
=max{ F(i-1,j-1,k-1)+S(x; X;, X,), — A
F(i-1 !j'1 K )+S(xi! X, - );

FGi-1,j ,k-1)+S(x, -, X,),
FGi-1,j ,k )+S(Xx, - -),

F(i ,j-1,k-1)+S( - X, X,),
F(i -1,k )+S(- X, X,),
FGi ,j ,k-1)+S(-, - %)}



Vicenasobneé zarovnani proteinu

Metoda progresivni (funguje dobre pokud zname
fylogenetické vztahy a zaciname sekvencemi nejvice
pfibuznymi). Znamy nastroj CLUSTALW.

ALGORITMUS:

- pridej sekvenci

- zarovne) 2 sekvence

- opakuj postup s dalSimi sekvencem



Nastroje pro analyzu

Predikce lokalizace

Predikce sekundarni struktury
Predikce transmembranové topologie
Predikce domen

Predikce typu skiadani

Predikce struktury

SIGNALP
PSIPRED
MEMSATZ2
DOMPRED
GenTHREADER
ROSETTA



STRUKTURA -> FUNKCE ?

/ ) [)- STRUCTURE \\

Sgite Bosclimsms s 1ot

A

" it's grestriction enzyme.”




Strukturni data
PDB i 32’3“ ﬂiﬁ m

PDBsum |
: "‘@sir@'-”ﬁ
Oadvozena data e

SCOP (Class, Fold, Superfamily, Family) favodoun  f-laciamase

CATH (Class, Architecture, Topology, Homologous superfamily)



Strukturni data

1HEW, 1AM7

Lysozym — enzym hydrolyzujici (Stepici) vazbu mezi cukry
polysacharidu, které se nachazeji v bunécné sténé nékterych
bakterii — zdroje: vejce, slzy, bakteriofag T4




For oily, acne-prone and problem skin conditions.

* OIL-FREE

* LYSOZYME / LIPOPEPTIDE ANTIMICROBIAL
COMPLEX

* MOISTURIZES BY SEALING IN MOISTURE

* FRAGRANCE-FREE

* CONTAINS ANTI-BACTERIAL ENZYME
LYSOZYME

PRICE: $20.00



http://www.rcsb.org/pdb/



PDB soubor - hlavicka

HEADER
COMPND
COMPND
SOURCE
AUTHOR
REVDAT
JRNL
JRNL
JRNL
JRNL
JRNL
JRNL
JRNL
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK
REMARK

HYDROLASE (O-GLYCOSYL) 20-JAN-92 1HEW
LYSOZYME (E.C.3.2.1.17) COMPLEXED WITH THE INHIBITOR

2 TRI-N-ACETYLCHITOTRIOSE

1

[ R S S

HEN (GALLUS GALLUS) EGG WHITE
J.C.CHEETHAM,P.J.ARTYMIUK,D.C.PHILLIPS

31-JAN-94 1HEW 0
AUTH J.C.CHEETHAM,P.J.ARTYMIUK,D.C.PHILLIPS
TITL REFINEMENT OF AN ENZYME COMPLEX WITH INHIBITOR
TITL 2 BOUND AT PARTIAL OCCUPANCY. HEN EGG-WHITE
TITL 3 LYSOZYME AND TRI-N-ACETYLCHITOTRIOSE AT 1.75
TITL 4 ANGSTROMS RESOLUTION
REF J.MOL.BIOL. V. 224 613 1992
REFN ASTM JMOBAK UK ISSN 0022-2836 070

REFERENCE 1

AUTH L.N.JOHNSON,J.C.CHEETHAM,P.J.MC*LAUGHLIN,

AUTH 2 K.R.ACHARYA,D.BARFORD,D.C.PHILLIPS

TITL PROTEIN-OLIGOSACCHARIDE INTERACTIONS: LYSOZYME,
TITL 2 PHOSPHORYLASE, AMYLASES

REF CURR.TOP.MICROBIOL.IMMUNOL. V. 139 81 1988

1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW



PDB soubor — primarni struktura

REMARK
REMARK
REMARK
REMARK
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
SEQRES
HET

HET

HET

FORMUL
FORMUL

5 THE THREE SUGAR UNITS OF THE INHIBITOR MOLECULE ARE BOUND
5 IN THE UPPER THREE SITES (A

5 SITE CLEFT.

NAG MOLECULES,

5 BOUND IN SITES A, B, AND C,

CVWOoHUNOAOULIEWNR

5
@

NAG
NAG
2
3

129
129
129
129
129
129
129
129
129
129
201
202
203
NAG
HOH

LYS VAL PHE
ARG HIS GLY
ASN TRP VAL
THR GLN ALA
TYR GLY ILE
ASP GLY ARG
PRO CYS SER
VAL ASN CYS
MET ASN ALA
THR ASP VAL

15

14

14
3(C8 H15 N1
*103 (H2 01)

GLY
LEU
CYS
THR
LEU
THR

GLN

06)

ARG
ASP
ALA
ASN
GLN
PRO
LEU
LYS
VAL
ALA

TO C) OF THE LYSOZYME ACTIVE

NUMBERED 203, 202, AND 201, ARE

RESPECTIVELY.

CYS
ASN
ALA
ARG
ILE
GLY
LEU
LYS
ALA
TRP

GLU
TYR
LYS
ASN
ASN
SER
SER
ILE
TRP
ILE

LEU
ARG
PHE
THR
SER
ARG
SER
VAL
ARG
ARG

ALA
GLY
GLU
ASP
ARG
ASN
ASP
SER
ASN
GLY

N-ACETYL-D-GLUCOSAMINE
N-ACETYL-D-GLUCOSAMINE
N-ACETYL-D-GLUCOSAMINE

ALA
TYR
SER
GLY
TRP
LEU
ILE
ASP
ARG
CYS

ALA
SER
ASN
SER
TRP
CYS
THR
GLY
CYS
ARG

MET
LEU
PHE
THR
CYS
ASN
ALA
ASN
LYS
LEU

LYS
GLY
ASN
ASP
ASN
ILE
SER
GLY
GLY

1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW

56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74



PDB soubor — sekundarmi struktura

HELIX 1 A ARG 5 HIS 15 1 1HEW 75
HELIX 2 B LEU 25 GLU 35 1 1HEW 76
HELIX 3 C CYS 80 LEU 84 5 1HEW 77
HELIX 4 D THR 89 ILE 98 1 1HEW 78
HELIX 5 E VAL 109 ASN 113 1 1HEW 79
SHEET 1 S1 2 LYS 1 PHE 3 0 1HEW 80
SHEET 2 S1 2 PHE 38 THR 40 -1 N THR 40 0O LYS 1 1HEW 81
SHEET 1 Ss2 3 ALA 42 ASN 46 O 1HEW 82
SHEET 2 S2 3 SER 50 GLY 54 -1 O SER 50 N ASN 46 1HEW 83
SHEET 3 S2 3 GLN 57 SER 60 -1 O ILE 58 N TYR 53 1HEW 84
TURN 1 T1 MET 12 HIS 15 TYPE III 1HEW 85
TURN 2 T2 LYS 13 GLY 16 TYPE I 1HEW 86
TURN 3 T3 LEU 17 TYR 20 TYPE II 1HEW 87
TURN 4 T4 ASN 19 GLY 22 DISTORTED TYPE II 1HEW 88
TURN 5 T5 TYR 20 TYR 23 TYPE I' 1HEW 89
TURN 6 T6 SER 24 ASN 27 TYPE III 1HEW 90
TURN 7 T7 LEU 25 TRP 28 TYPE III 1HEW 091
TURN 8 T8 SER 36 ASN 39 TYPE III' 1HEW 92
TURN 9 T9 ASN 46 GLY 49 TYPE I 1HEW 93



PDB soubor —terciarni struktura

CRYST1
ORIGX1
ORIGX2
ORIGX3
SCALEl
SCALE2
SCALE3
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM

78.

OOV WN B

860
1.000000
0.000000
0.000000
0.012681
0.000000
0.000000
N LYS
CA LYS
C LYS
o LYS
CB LYS
CG LYS
CDh LYS
CE LYS
NZ LYS
N VAL
CA VAL
C VAL
o) VAL
CB VAL

78.860

0.000000

1.000000

0.000000

0.000000

0.012681

0.000000
1

NNNNMNRRRRRR B &

38.250 90.00

0.000000
0.000000
1.000000
0.000000
0.000000
0.026144
3.398
2.459
2.458
2.481
1.026
0.028
-1.415
-2.357
-3.661
2.429
2.395
0.977
0.642
3.533

90.00 90.00 P 43 21 2

9.981
10.365
11.880
12.672

9.935
10.169
10.089
10.822
10.090
12.232
13.653
13.868
13.368
14.012

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
10.408
9.364
9.149
10.100
9.695
8.558
9.048
8.082
8.025
7.880
7.465
6.903
5.826
6.536

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

30.48
28.03
21.93
14.10
30.54
37.93
33.23
32.17
31.92
17.30
14.47
17.58
32.65
22.88

8

1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW
1HEW

113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133



Cn3D
http://www.ncbi.nim.nih.gov/Structure/CN3D/cn3d.shtml
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RasMol
http://www.umass.edu/microbio/rasmol

Immunoglobulin Domain f"\

ls”




Chime/Protein Explorer
http://www.umass.edu/microbio/chime/explorer/preview.htm

Crystal

Phosphatidyl
cholines taken
from model lipid

bilayers

simulated by
Heller et al., J.

Phys. Chem.
97:8343. 1993.

Eric Martz with
RasMol




Swiss PDB Viewer
http://www.expasy.org/spdbv




VMD http://www.ks.uiuc.edu/Research/vmd/
PyMol  http://pymol.sourceforge.net/



Dil¢i funkce proteiny

Enzymy (katalyzatory, substrat se promeénuje v produkt, aktivni
misto)

Interakce protein-protein

Interakce protein-DINA

Interakee protein-ligand

Transdukce signalu, regulace

Strukturni proteiny (Viakna, glykoproteiny)

Motory



Gene Ontology

Funkee genu/proteinu jsou zjiSfovany experimentalné a
publikovany v casopisech.

Terminologie neni zdaleka jednoznacn&:
protein synthesis — translation — ribosomal complex — peptide
chain elongation

Ontologie jsou wivareny ve snaze zavest do popisu funkci urcity
system



Gene Ontology

definice ontologii — strukturovanych sad termint (DAG) pro popis
biologické funkce
molekularni funkce
lokalizace

pfifadovani uzli v ontologiich gentnyproteinim

wytvareni nastrojl pro WwuZiti dat

http:/Mmwv.geneontology.org/



1| Structure of the GO
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nucleus membrane
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nuclear membrane




b molecular function

nucleic acid binding enzyme
Y hellcase adenosme
DNA binding triphosphatase
Y \
chromatin binding
MCM2 Mcm2 Memd2 DNA ATP-dependent DNA-dependent
MCM3 Mcuis Nwwd helicase helicase adenosine
CDC54/MCM4 Memd4 haq triphosphatase
CDCéG/MCMS Mcm5 mus309 Rad51
MCM6 Mcmé Mcemd6
CDC47/MCM7 Mcm7 Mcemd7
S ATP-de endent
DNA hehcase
MCM2
MCM3
lamin/chromatin CDC54/MCM4 Mecmd4
binding CDC46/MCM5
MCMé6 Mcmdé
. SACCHAROMYCES CDC47/MCM7 Mcmd7

. DROSOPHILA

. MUS




Hierarchy

embryo

organ system

cardiovascular

heart

DAG

molecular
function

chaperone regulator enzyme regulator

enzyme
activator

chaperone activator




Gene Ontology - ontologie

id: GO:0006903

name: vesicle targeting

namespace: biological process

def: "Targeting of a vesicle to a specific destination membrane." [GO:jic]
relationship: part of G0:0016192 ! vesicle-mediated transport

[Term]

id: G0:0006904

name: vesicle docking during exocytosis

namespace: biological process

def: "The initial attachment of a vesicle membrane to a target membrane\, mediated
by proteins protruding from the membrane of the vesicle and the target membrane),
during exocytosis." [GO:jic]

subset: gosubset prok

is_a: G0:0048278 ! vesicle docking

relationship: part of G0:0006887 ! exocytosis

[Term]

id: GO:0006905

name: vesicle transport

namespace: biological process

def: "OBSOLETE (was not defined before being made obsolete)." [GO:curators]
comment: This term was made obsolete because the meaning of the term is ambiguous.
To update annotations\, consider the biological process term 'vesicle-mediated
transport ; GO\:0016192'.

is_obsolete: true



Gene Ontology
- alternativni format ontologie

$polyol catabolism ; GO:0046174 % polyol metabolism ; GO:0019751
%alditol catabolism ; G0:0019405 % alditol metabolism ; GO0:0019400
$hexitol catabolism ; G0:0019407 % hexitol metabolism ; GO:0006059
%galactitol catabolism ; GO:0019404
$mannitol catabolism ; GO:0019592
%$sorbitol catabolism ; GO0:0006062
$pentitol catabolism ; GO:0019527 % pentitol metabolism ; GO:0019519
%arabitol catabolism ; GO:0051157 % arabitol metabolism ; GO:0051161
%arabitol utilization ; GO:0019591
$D-arabitol catabolism ; GO:0051159 % D-arabitol metabolism ; GO:0051163
$D-arabitol catabolism to xylulose 5-phosphate ; G0:0019528



Gene Ontology - anotace

TAIR gene:1944535 ERS2 G0:0004673 TAIR:Communication:1675000
1SS F ETHYLENE RESPONSE SENSOR 2 ERS2 PROTEIN|AT1G04310|
ETHYLENE RESPONSE SENSOR 2 gene taxon:3702 20020827 TAIR
TAIR gene:1944536 ETR1 G0:0005783 TAIR:Publication:1547355]
PMID:11916973 1IDA c ETHYLENE RESPONSE 1 ETR|HISTIDINE KINASE
ETR1|AT1G66340|EIN1|ETHYLENE INSENSITIVE 1|ETHYLENE RESPONSE 1 gene taxon:3702
20020904 TAIR
TAIR gene:1944536 ETR1 G0:0009727 TAIR:Publication:1795|
PMID:9974395 IMP P ETHYLENE RESPONSE 1 ETR|HISTIDINE KINASE
ETR1|AT1G66340|EIN1|ETHYLENE INSENSITIVE 1|ETHYLENE RESPONSE 1 gene taxon:3702
20020904 TAIR
TAIR gene:1944536 ETR1 G0:0004673 TAIR:Communication:1675000
ISS F ETHYLENE RESPONSE 1 ETR|HISTIDINE KINASE ETR1|AT1G66340 |
EIN1|ETHYLENE INSENSITIVE 1|ETHYLENE RESPONSE 1 gene taxon:3702 20020827
TAIR
TAIR gene:1944538 ETR2 G0:0004673 TAIR:Communication:1675000
1SS F ETHYLENE RESPONSE 2 ETHYLENE RESPONSE 2|AT3G23150|ETR2

gene taxon:3702 20020827 TAIR
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Cene_Ontology

paired box gene 3

paired domain gene 3; PAX3/FKHR

quion gene . paired domain gene biological_process molecular_function cellular_component
14
HuP2; ©paired box homeotic gene 3 ‘//// l \\\ \
physiological processes development binding cell
Plays a critical role during l . \ \
fetal development Mutations are metabolizm transcrlr:;tclgcitrsgulator nucleic acid binding intracellular
associated with Waardenburg
syndrome, craniofacial-deafness-
nucleobase, nucleoside,
hand Syndrome and alveOlar nuclectide and nucleic acid morphogenesis DNA binding nucleus
rhabdomyosarcoma. ”WTWW // L
transcription \ transcription factor activity nucleoplasm

transcription, DNA-dependent regulation of transcription organogenesis

.

regulation of transcription,

DNA-dependent transcription factor complex
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GOzo003150
biological _process
C1L0EGG, 75, 96650

O

Funkee zastoupeny v nasi sadé
genu/proteinu Castéji nez by bylo
mozné ocekavat na zakladé
nahody jsou zvwyraznéeny zelene.

GO 2 050596

GO 0008152 response
metabolism to
(5 .2E-26, 75, 4629] stimulus
(6.2E-65,75,14585

_,_,—F"/

GOzo006l39
hucleobhasze,
nucleosice,

GO:0009719

nucleotide response
ahw to
i endogenous
e stimulus
acid

metabolism (Z2.0E-162,758,123

4 1E-56, 75,191

GO:000697d

GO 0006259 Pesfgnse
ONA OMA
metabol ism damage
Fy (2.7E-119,75,35 stimulus

(2.0E-162,78,123)

GO zO006310
ONA

recombination

C5.53E-23, 14, 25,

GO 10006251
OMA
repair

Cl1.ZE-172, 75,10

OO
O

Biological Process

GO 006250
rESRONSE

(1.1E-90. 75, 715



defense cytoskeletal

other fimmunit i
enzyme molecular y protein
regulator function / transcription
regulator
transporter —— / cell
adhesion
enzyme molecule
other signal ligand
transduction

binding or

ligand carrier

molecule receptor




negative regulation regulation

regulation o :
negative regulation ) part_of contraction
. 01 d 08
0 D1 d D1

part_of

affects

“Iimplicit” terms




AmiGO
http://www.godatabase.org/

ft:rJ AmiGO0 : GO:0000724 details - Netscape
13 | B |k |

=18 x|

Gzt Search :
et this GO term as ROE XML,
- iGet this data as 4 G0 Aat file,

double-strand break repair via homologous recombination

Accession:GO:0000724
Synonyms: Mone,
Definition: The error-free repair of a double-strand break in DMA in which the broken DMA moleculz is repaired Using homologous sequence
The restaration of twa intact DNA molecules results in the exchange, reciprocal or non-reciprocal, of genetic material between the intact D
[=ITerm Lineage :
GO0003673 : Gene Ontology (72737)
@ GO:O002150 ¢ hiological process (494487
@ GC:0007582  physiclogical processes (35542)
@ G000028152 ; metabolism (241417
@ E000061239 ; nuclecbase, nuclecside, nucleotide and nucleic acid metabolisrn (91047
(0G0 0006259 : DA metabolism (28221
D G0:0006310 : DA recormbination (947
D GC0006312 : mitotic recormbination (527
@ GO:0000725 : recombinational repair (327
@ GO:0000724 : double-strand break repair via homologous recombination {32
D G00006221 : DA repair (F23)
0 GC0006302 : double-strand break repair (771
@ GO:0000724 : double-strand break repair via homologous recombination (32
0 GC0000725 : recombinational repair (327
@ GO:0000724 : double-strand break repair via homologous recombination {32)
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