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* Proteinové interakce — 10.11.
— jak spolu proteiny interaguji?
— Interaktom
* Proteinové komplexy — 24.11.
— protein-proteinove interakce a komplexy
— komplexom, architektura a funkce komplexu

anketa

CGO030 — Struktura a funkce proteinovych komplexu
CGO031 — cviceni z modelovani proteinovych komplexu
(jarni semestr)
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 Proteinové interakce — 10.11.
— Interakce: od primarni po terciarni strukturu
— Typy vazeb: pohled chemicky, geometricky ...

— Informatika:
« databaze struktur, interakci ...
e docking ...

* motivy, evoluCni aspekty .
* nastroje ...

— Interaktom ...

Current Opinion in Structural Biology
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Podil AMK (primarni struktury)
na proteinovych interakcich

aliphatic, aromatic, cysteine

Enzymatic Channel Part
| External Middle

Lys Arg Pro Gly Tyr w

Glu Gln Asp TrPPhe i ==

Channel

- uvnitf hydrofobni, povrch polarni/nabity (do solventu/vody),
ale katalyticka centra (tunely) jsou také polarni a nabité
(kataI)'Iza biochemické reakCe) Pravda a spol, BMC Bioinf, 2014



PPI od primarni struktury ...
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povrchu — polarm a nabité do solventu tj. povrchu - hydrofobni na

povrchu nejCastéji vytvari protein-proteinové interakce



Typy vazeb v PPI

|ontova (polarni) vazba

electrostatic
attractions

@ H-bol T =VA N e {=Vaiib=iVlic int

@ salt bridges © disulfide bonds

Figure 3-4 Molecular Biology of the Cell (© Garland Science 2008)

Kovalentni vazba = modifikace

vyjimecné napf. disulfidické mustky nebo jiné
posttranslacni modifikace (ubikvitinace,
SUMOQylace)




... sekundarni struktury ...
V interakcich beta-listu prevazuji vodikové vazby (peptidoveho

/(-/;\‘S fetézce)

Porin

(1 ORF - polypeptid
prostup mitochondrialni
membrany)

Podobny ,por* vznika
interakci 7 podjednotek

Mueller & Ban, Cell, 2010
Los a spol, MMBR, 2013



... sekundarni struktury ...

- Sroubovice se vuci sobé orientuji ruznym zpusobem
- skladani slabych vazeb ovliviiuje silu a specifitu celkové vazby

coiled-coll struktura

- dvé sroubovice s tzv. heptadovou repetici (hxxhxxx — hydrofobni zbytky
vytvari rozsahly povrch a tedy silnou vazbu)

HYOROPHOBE

°%s e2e
olhe T ol e
heptade repeat @ g @ ®e®
A ¥
WATER MOLECULE ¢
“— hydrofobni jadro
..1._.'4.
heptade repeat ® ®
O oo0®©

...LKSLHNQLRDLEESLTH...



- dvé Sroubovice s tzv. heptadovou repetici
(hxxhxxx — hydrofobni zbytky vytvari rozsahly
povrch)

NH, NH,

)~ stripe of =\ |
@ ' hydrophobic !
wt “a” and “d” BN &
P aminoacids (\\ | |

hydrofobni jadro

HOOC COOH
b P  LKSLHNQLRDLEESLTH. . paralelni Sroubovice
0.5 nm
A) (B) (C)

Figure 3-9 Molecular Biology of the Cell (© Garland Science 2008)



Sousedni AMK stabilizuji
interakce Sroubovic

Interchain
attraction

Sousedni AMK destabilizuji

interakce $roubovic Chain]

Adamson et al.: CO in Biotech, 1993 Chain It KE - h- ]
lvanov et al, PLoS One, 2017 e d ¢




coiled-coil struktura

helix 2 helix 1

-dlouhé CC (>100AMK) vytvari vlaknité struktury (myosin tvofi vlidkna - svaly)

A Sarcomere
~—Myaosin thick filament E—-ﬂctln thin filament
g Cp EohBehfieidl el sl el ‘ g2y
|r;,- “'. .':. ..|:- ";, ‘|I::I|-r:““-.|'1;-r;_-r'; ..... :“;-_aldl; ------ | ...... :| :.__.: :““3-:--:.:”.“:;'.1..'.. v ':“ _“ ‘ || i E

<
myosin  kinesin dynein




coiled-coil struktura

- program COIL: htip://www.ch.embnet.org/software/COILS form.himl
profil SMC6

il J’ﬁrﬁt ﬂr

T
window=ga

| 1 1 1
5] 2ea 408 l &Ba 268 la8a 1z2@a

M - CC v SMC proteinech jsou intramolekularni

(antiparalelni)



coiled-coil struktura

-dlouhé CC (>100AMK) vytvaFi viaknité struktury (SMC kruhy obejmou DNA)

MukB homodimer SmcS Smcé

MukR C.nndensin Cnhesin Smeh/f

W - CC v SMC proteinech jsou intramolekularni

(antiparalelni)



Catabolite gene
activator protein

Coiled-coil
doména je
vyznamnym
dimerizaénim

Lac repressor

modulem u mnoha
proteinu (GCN4,
Max ...)

Intermolekularni -
homo- Ci
heterodimery
(oligomery)

Tropomyosin Influenza hemaggiutinin Inﬂuenﬁa hemagglutinin Mannose-binding ROP
HA2 (pH7) A2 (pH4) protein .
Lupas.: Trends in BS, 1996



helix 1

Coiled-coil
doména je
vyznamnym
dimerizacnim
modulem u mnoha
proteinu: bZIP
transkripcni
faktory vytvari
homo- i
heterodimery

Newman, Science, 2003
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aceji Mueller & Ban, Cell, 2010; 1QQY, 2WCD
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* listy, sroubovice, smycky

... se podili na protein-

proteinovych interakcich (PPI)
podobnym zpusobem jako pfi " aureus

skladani proteinu do 3D —

podobné sterické faktory (listy

w

vuci sobé, Sroubovice vudi

sobe)

- folding-skladani ... struktura

nékterych ,disordered®

proteinu se utvari az v ramci
Interakce s druhym proteinem

(&
Receptor \

... sekundarni struktury ...

./ Staphylococcus | | .
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string

= ...terciarni struktura ...
y kapsa-peptid

sekundarni struktury (Sroubovice, beta-listy)
interaguji pod ruznymi ahly a vytvafi rGzné povrchy

hlubsi prohlubné na povrchu
mohou tvofit kapsy pro vazbu
partnera (Sroubovice, peptid)

NSE4b
(114-126)

NSE3 WHB

anterior pocket
(3NW0)

hydrofobni interakce mezi Nse3 a Nse4
Palecek & Gruber: Structure, 2015



Tato hydrcl)fobm' Sroubovice neni transmembranova, ale podili se na protein-proteinové interakci (NSE3-NSE4)
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v PDBsum muzete hledat kapsy (povrchy vhodné pro vazbu partnera) —
musi mit komplementarni tvar a charakter (terciarni)

MAGEA4
Go to PDB code: |2wa0 lgo] MO

@ Tunnels @ Links , %
2wal i

@ Binding-site(s)

@ Top page @ Protein
Cleft analysis for: 2wal

I ©  Binding-surface(s)
Colaured by

® cleft (as in table below)

O closest atom type

O residue type T
O residue conservation

[ Jmaol ] [ RasMol ]

R1 Accessible Buried Average ; :
\/ o = =
o ratio vertices vertices depth Reskius type Ligands
1 . 237052 § 098 8515 (1 155 |1 1050 1 8 ! 5 Hé&‘ 4 1

nejvétsi kapsa

http://www.ebi.ac.uk/thornton-srv/databases/cgi-bin/pdbsum/

Laskowski et al.: Prot Sci, 2018
Residue-type colouring
Positive Neutral Aromatic Pro & Gly Cysteine
H.K.R 5, T.N.Q F.YW P.G

|



Binding site Binding surface

I
""'A.”“':-'re-_-.]l

L)

Uvnitf kapsy
prevliada
hydrofobni
povrch

- 2 .-"‘J'"-.

Residue-type colouring

Pro & Gly Cysteine
P.G

Laskowski et al.: Prot Sci, 2018
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de novo docking partnera
(HEX docking a
molekularni dynamika):
do hydrofobni kapsy
proteinu byl nadockovan
Jednoduchy* peptid (de
novo docking vétsich
povrchu je nespolehlivy)

Guerineau et al.: PLoS One, 2012



TABLE 1

Search strategies in protein-protein docking

Search algorithms Examples of docking programs Refs

Exhaustive global search

FFT-based search FTDock, GRAMM, DOT, ZDOCK, MolFit, PIPER, F2DOCK, SDOCK, ASPDock, Cell-Dock [25-41]
Spherical Fourier transform-based search HEX, FRODOCK [45-47]

Direct search in Cartesian space SOFTDOCK, BIGGER, SKE-DOCK [49-51] E
Local shape feature matching E
Distance geometry algorithm DOCK [52] z
Geometric hashing PatchDock, SymmDock, LZeD [53-56) g
Genetic algorithm GAPDOCK [57] g
Randomized search 2
Monte Carlo search RosettaDock, ICM-DISCO, ATTRACT, HADDOCK [61-71] e
Particle swarm optimization SwamDock 72] é
Genetic algorithm AutoDock 73] 2
Post-docking approach 5
Using advanced scoring functions RPScore, ZRANK, PyDock, EMPIRE, DARS, DECK, SIPPER, PIE, MDockPP, etc. [81-94]
Considering protein flexibility MultiDock, SmoothDock, RDOCK, FireDock, FiberDock, EigenHex, etc. [95-104]

Other ranking protocols

SDU, CyClus, CONSRANK, etc.

[105-111]

Geometric
hashing

HADDOCK je cileny

Huang: DDT, 2014



w1 DOMENY - Sroubovice, B-listy ... interaguiji pod rGznymi Ghly
‘ wiace2 g yytvari ruzné vazebné motivy s rozsahlymi vazebnymi
S povrchy

(kokrystal NSE1-NSES3 proteinu)




- dd nejlepe lze ziskat info (vizualni, o typech vazby)
z vyfresenych struktur (PDBsum, 3DID - databaze)

(kokrystal NSE1-NSES3 proteinu)




6omainSMC_Nse1 (Pfam: PF07574.11c7) X R o = = = Fa 3 = y

[ p [\Go:0006281 TN EEITENIEN Smces-Sme6 complex ;d

Integrace PDB’ m Erences Stﬁstiés Help About
PFAM a GO databazi L
https://3did.irbbarcelona.org/
ewe_foet |

D G G 0 [ Default color scheme l

Interacting domains (2 domains)

e JOR zRncie |

N - - . > Overview General information on 3did
GMM profile interface residues in SMC_Nse1 (2 interfaces)

» Getting Started Help for new users
» Technical Information Linking to 3did

HMM prof. interface res. Binding partner(s) > Download data files or MySQL tables
t—t—Ht =]
et T ) Statistics
: Pfam version 30.0
Search motif by name or keyword: @ PDB version 2017 06
| Motif name (2.g. SH2_LIG_0) | l Search motif ‘ Domain-domain mferactkions 11700
Motifs in interactions of known 3D structure 702

3DID kategorlzu1e domena domena interakce z PDB (06/2017 cca 10000
domeéna-doména komplext/100000 struktur) — topologie ne detaily



* ot ~ surface 1 PDBsum - detailni infO

suface2  hitp://www.ebi.ac.uk/thornton-srv/databases/cqi-bin/pdbsum/
GetPage.pl?pdbcode=index.html

(kokrystal NSE1-NSES3 proteina)

@ Top page @ Protein @ Metals | Prot-prot | @ Clefts @ Tunnels @ Links r :
Protein-Protein interface: AHB 3nwi i

Protein-protein interface:@:®

NSE1-NSE3
Chain A Chain B

2
<

Postseript
version
Kev: . Salt Disulphide] __ Hydrogen ____ Non-bonded
_ o y: bridges bonds bonds contacts
Chains A and B highlighted
[click to view?
Jmell & Interface statistics
QHE (16:17 res) Mo. of Mo. of MNo. of Mo. of MNo. of
interface Interface  sajt  disulphide | hydrogen non-bonded

Chain residues area(A®) bridges bonds bonds contacts

Q) 16 1015
B 17 1003




NSE1 - NSE3

Chain A

Chain B

SMC6

Silna interakce mezi NSE1 (chain A) a NSE3 (chain B)

o
w,

Tyrl3é

(=) [~ [—]
= \r, -+
=) o v -
o : » |
v — p— ]
W Q 9 ot

Leu97
Glu86
Lys83
Leu87
Gln9%4

r~ -+ (= o - Log] =] o (= (* o]
E I EF wm et § £ 2 % ¢%
5B ° 3 5 2 4 & 5 4
Residue-type colouring
Positive Neutral Pro & Gly Cysteine
H.K.R D.E S, T.N,Q AV,LIM F.Y,W P.G
SMC5 . . Non-
Disulphide Hydrogen L bonded
bonds bonds
contacts

COZOID nastroj: http://decibel.fi.muni.cz/cozoid/




A1CCH2 ASPCL/14-216 NRAFTOAFM . ARS TMTFAERK PVIARTF . SEH. . . ... ..... an et al.;: FEBS Lett, 2008

A2Q7K6 ASPNC/15-218 NRAFLOAFM . ARSTMTETQAKPVLAATF . STR. . o o v v ...

BSNLAS5 ASPFN/14-216 NRAFLOAFM . ARSTMTFAEARPVLAATF . SVH. . . oo ...

B6QTRY TALMQ/14-217 NRAFLOAFM . ARSTMTEDEAKPVLAATF . SAQ. v v v vn... P—
V5FED6 BYSSN/14-236 NRAFLOAFM . ARSTMTFEEAKPVLAALF . SAHBAQSTIFFDS! _
S7%8E9 PENO1/8-209 HRAFLOAFM. ARSTMTFEDAQPVLAATT . SAH. « v o v v vu... Orpnim £
B6H9QY9 PENRW/8-210 NRAFLOAFM . ARSCMTFEDAQPILAATL . TWS . « « o o e e n e Organism 3
H6C926 EXODN/14-207 NRAFLOAFL . ARSVLTLETAKPILAATS . THO. « « oo v v v ... Organism 4
U1GD89 ENDPU/11-202 NRAFVOAFL . ARGTLTYETSKPLLASIF . TWH. o« oo v v v ... Organism 5
C5GY37 AJEDR/11-207 HRAFLOAFM.ARSTMTYEQRKPVLARTIF.SAR. « o v v v e, Organism &
C6H5E2 AJECH/11-203 HRALLOAFM.ARSTMTYEOAKPVLAATF . TAR. . . v oo v....

ee *a| hitp://pfamxfam.org/family/PFO7 57 4#tabview=tab1 P ~ & | | Adiffusion... B Garland Sci...| | LigPlot+ O...  hal At
* Najit: plot Predchoz’ Daléi |/ Moznosti ¥ |

EMBL-EBI i PFAM — databéze proteinovych motivi Pfam
Nse1 motiv

_keyword search
Family: SMC_Nsel (PF07574) = L & = -
16 architectures 522 sequences 2 interactions 443 species 1 structure
| |
Summary Domain organisation

|_-Domain organisation

Below is a listing of the unique domain organisations or architectures in which this domain is found. More...

There are 393 sequences with the following architecture: SMC_Nsel, zf-RING-like
7 - | W9YTDO 9EURO [Capronia epimyces CBS 606.96] Uncharacterized protein {ECO:0000313|EMBL:EX392910.1} (323 residues)
HMM logo (o SMGNselumy el

Trees Show all sequences with this architecture.

Alignments

There are 102 sequences with the following architecture: SMC_Nsel

R1GGR5 BOTPV [Botryosphaeria parva (strain UCR-NP2) (Grapevine canker fungus) (Neofusicoccum parvum)] Putative dna repair protein
Species {EC0:0000313|EMBL:EOD47456.1} (255 residues)

L SMEuNselun

Curation & model

Interactions
Show all sequences with this architecture.

Struct
doranadan There are 6 sequences with the following architecture: SMC_Nsel x 2, zf-RING-like

NSE1 XENTR [Xenopus tropicalis (Western clawed frog) (Silurana tropicalis)] Non-structural maintenance of chromosomes element 1 homolog EC=6.3.2.-
Jump to... ¥ (270 residues)

[rierioeee ] (&) (—
Show all sequences with this architecture.

There are 2 sequences with the following architecture: DAO, SMC_Nsel, zf-RING-like
BBMNY1 TALSN [Talaromyces stipitatus (strain ATCC 10500 / CBS 375.48 / QM 6759 / NRRL 1006) (Penicillium stipitatum)] FAD dependent oxidoreductase N

mrtmmefnmaihs (ECAAAANATA AIEMDI EEMNA ANNA 41 (TAA vanidinaa

L 160% v

% ® m ¢ © § m

13.12.2016




A1CCH2 ASPCL/14-216 NRAFLOAFMRARSTMTEAEAKPVLAATF . SAH. . . v v it i et e s sn s s nnns EG...
A2Q7K6 ASPNC/15-218 NRAFLOAFMRARSTMTETOAKPVLAATF . SHIR. . v vt ittt et e s sna s anns DD...
BENLAS ASPFN/14-216 NRAFLOAFMRARSTMTEAEARPVLAATF . SVH. . . o v it et ittt i i e s n e EG...
BEQTRY TALMQ/14-217 NRAFLOAFM R ARSTMTEDEAKPVLARATF . SAQ . o v v v v ettt st s e s s aasnnss EN...
V5FED6 BYSSN/14-236 NRAFLOAFM R ARSTMTFEEAKPVLAATF . SAHGAQSTIFFDSSYVEKEIANLYLATER. . .
STZ8ES PENO1/8-209 IRAFLOAFMRARSTMTEEDAQPVLAAT T . SAH . o v v v v ittt st s e s nnaasanns EG...
BEH9QY9 PENRW/8-210 NRAFLOAFMRARSCMTEEDAQPTILARATL . THS. . . o it it e e it e et i e e e nns EG...
He6C926 EXODN/14-207 NRAFLOAFL RARSVLTLETAKPILAATS . TEQ. o v v v v it e e i it e s i v e e s e nns DG...
UlGD8Y ENDPU/11-202 NRAFVOAFL R ARGTLTYETSKPLLASTIF.TWH. . . v v v it e e e it et i i i e v e ans EG...
C5GY37 AJEDR/11-207 IRAFLOAFMRARSTMTYEQAKPVLARATF . SAR . . . v v ittt it et sna s nnns DH...
C6HSEZ2 AJECH/11-203 IRALTLOAFMRARSTMTYEQAKPVLAATF . TAR. . . v v v it e ittt e s vn s nnns DN...
F2PT91 TRIEC/10-199 IRAFLOAFMESRSTMTLEEAKPVLARATF . THS. . v v v it et it e s i i e s nns EG...
ES9DEJY COCPS/13-202 IRAFLOALMRARSTMTLNEAKPILARATL . SVK. o & v i vttt sttt e s s a e annns DG...
R7Z157 CONA1l/13-202 IRAFLOAFL R ARSVLTEEEAQPTILAATL . TAH. o v v v v ittt st s e s s aa s s EG...
U4LU38 PYROM/8-205 HRALVOAFL JARSSMTGEELLGVVTATH.GVE. . . .« vt i it i it ittt e st asn s
S8AAF4 DACHA/9-208 IRTEFLOALL R IRPFIDIEEGOQELLAATA .SAE. . . . it it s s it e s s e e s e SGE. ..
G1X2Y0 ARTOA/B8-207 HRAFTLOALL R IRPFIDVOEGRELLAATK . SAE. . . v v ittt it et vna e enns AG. ..
C5DCFé LACTC/23-226 FKFLLQYVL‘RRGVCSEKALAKALKTL ..................................
C5DQF6 ZYGRC/37-240 PRYLLOYLLRCRGTICHENMELVVLDEL . - . v s o vttt et e e e ssesnnansansnnnsns
I2H1A9 TETBL/24-252 RHLLRY IMASEGICHENMILLALYAL . - o v s o vt s s e s s essnsnnsnansnsonsnnnns
G8C139 TETPH/22-276 RYLLOYLLNCOGICNESFMLLALMRELH. . & o o vttt e v e e v s ansnnsnsansnnnns
GB8ZVJ6 TORDC/16-236 RIVLOYITLRSRGIVGENILLLALMEL . - . & o o vt st et s e e s s e s nssnsnnsnnnns
H2ZATC7 KAZAF/7-237 PRYLILOYTLRARGTCHENALVVALMRL . . . o o it e it it et ittt es s st s ns s
J5S7B7 SACK1/17-253 RYLILOYTLRARGTCHENNLILATLMEL . .« o v ittt s it et ittt s e s s s nasnsnns
ETNKI9 YEASO/18-258 KYLLOYITLARGTICHENAL T LALMEL . -« & v s o vt s s e v s e s s nssnsnnsnsonsnnnns
J8PZG2 SACAR/18-258 KYLLOYILYARGTICHENAL I LALMRL . - . .« ot s s s et e e s s ssesnsenrenennnns
GOW7Y8 NAUDC/22-2€8 PRYLILOYTLRARGVCHENALVEATLMRL . . . o vt it e it it et ittt es s st n s nsnns
GOV5G7 NAUCC/25-272 PRYLILOYTLAARGVCHENALMEATLMRL . . o o v vttt it it ettt s e s ee s s s nasnsnns
J7S9R2 KAZNA/85-303 ALY LI@ARGVECHENSLILAATMHT . . . . v o it it it s e st e s e s s e s s aar s
ATTJ64 VANPO/8-260 FRYLLQYLLICRGICHENALLLVLIKL ..................................

...... QPVSH. . . DDWTE
...... EQVSP...EDITE
...... EPVSA. . .EDVTE
...... REVLA. ..EDITQ
...... RPVLA. . .EDITQ
...... RTVDP. . .DEVTQ
...... RTVDE. . . DEVGE
...... REVQP. . .QDMTV
...... REILP...NDITE
...... QDTLP...EDITQ
...... QETLP...EDITQ
...... REILP...BDITQ
...... REVLE. . .EDVTQ
...... RPTLP...ADITT
...... NPEEP...TETTL
...... TDVPA . . .NSITV
...... SDVSI...ESMPP
ERDE...... EQLEDSETE
QOK....YTQDPTSQVCS.T
NLDYSBDCQQEVIA. . ...
LTDESSSDDFYRLNMVELN
0BDT..ETND....VQELY
YMDL. . BCFDDAWQIDQWL
ETDA...... SKWSTEQWT

ETDA..STLNTEXSIQQWV
ETDA..LRFDAERSMQOWT
KVDS..NTIDPQWTISDWL
KVDS..HDVNAHWTISDWL
SLDLDPHSVSTR.SLDEWS
DEDSVDEEGSFNRTFEDYL

Konzervované AMK svédd¢i o dulezitosti jejich funkce:
- dulezité pro proteinovou strukturu

- dulezité pro funkci proteinu:
- enzymy — aktivni centra
- komplexy — PPI

- regulacni funkce — AMK posttranslacné modifikovana
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o Visuaization | 4 [=E)] Residue Matrix

Primary Structure: !
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NSE1 - NSE3
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(R16, L19, Q20, M23)
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3D View Controls
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[] Compact View [ | Selection in All Structures



ratio interface-freq./surface-freq

13
1.2
1.1

10

e o o o
& N o ®»

o
G

interak¢ni povrchy jsou hodné konzervované (grade9)

1

Silné/dulezité interakce (komplexy)
jsou evoluéné konzervované

jako jsou proteiny (jejich funkce) evoluéné konzervované,
tak i jejich interakce jsou evoluéné konzervované (zajistuji funkci)
graf — povrchové AMK jsou malo konzervované (grade1l), zatimco

2

3

4 5 6
conservation grade

7

8

9

Protein A \"

@ highly conserved

moderately conserved

® not conserved

" Hot spot

| .- Protein B

Eichborn et al, Genome Inf, 2009

Keskin et al.: JMB, 2005



BlC)GRID34 home help wiki tools contribute stats downloads partners aboutus | '

Gene / Identifier Search
hse3

Search Results

All Organisms

Your search for NSE3 produced the following 4 results:
Results matching official symbol / systematic name - 2 total proteins:
NSE3 (YDR288W)

Component of the SMC5-SMC6 complex; this complex plays a key role in the removal of X-shaped DNA structures that arise

Saccharomyces cerevisiae (5288c)
407 unique interactors

between sister chromatids during DNA replication and repair; protein abundance increases in response to DNA replication 497 raw interactions
stress 1 post-translational modification
NSE3 ( SPCC645.0 4) Schizosaccharomyces pombe (972h)

Smc5-6 complex non-SMC subunit Nse3 10 unique interactors
24 raw interactions

NSE1 | YLROO7W 5 2
Component of the SMC5-SMC6 complex; this complex plays a key role in the removal of X-shaped DNA structures that arise between sister chromatids  [details]
during DNA replication and repair

Experimental Evidence Code Throughput Curated By

Affinity Capture-MS HIT Hazbun TR (2003) High BioGRID =

Reconstituted Complex HIT Hudson 11 (2011) Low BioGRID -

HIT Hazbun TR (2003) High BioGRID -

Two-hybrid @ HIT Hu B (2005) Low BioGRID =
BAIT/HIT Duan X (2009) Low BioGRID =

Dosage Rescue HIT Magtanong L (2011) High BioGRID »

Negative Genetic BAIT/HIT Costanzo M (2016) High BioGRID EiR 3T

BioGRID — databaze interakci (v€etné genetickych) pro rizné organismy
pucici kvasinky S. cerevisiae, poltivé kvasinky S. pombe, octomilky D.
melanogaster, Clovéka H. sapiens ...



Experimental Evidence Code Role Dataset Throughput Curated By Notes

Clovéka H. Sapiens o HIT Doyle JM (2010) Low BioGRID -
. BAIT Taylor EM (2008) Low BioGRID -
[+

Affinity Capture-MS & BAIT Huttlin EL (2015) High BioGRID EIT
BAIT Huttlin EL (2017) High BioGRID (2 L

BAILT Doyle JM (2010) Low BioGRID -

Affinity Capture-Western BAIT/HIT Taylor EM (2008) Low BioGRID =

HIT Hudson 11 (2011) Low BioGRID -

Co-crystal Structure HIT Newman JA (2016) Low BioGRID -

_ . ; BAIT Taylor EM (2008) Low BioGRID -
Co-fractionation BAIT Wan C (2015) High BioGRID B
Reconstituted Complex @ BAIT/HIT Doyle JM (2010) Low BioGRID -

NSE1 | YLROO7W pucicCl kV&SIﬂky S. cerevisiae 52

Component of the SMC5-SMC6 complex; this complex plays a key role in the removal of X-shaped DNA structures that arise between sister chromatids  [details]
during DNA replication and repair

Experimental Evidence Code Role Dataset Throughput Curated By Notes
Affinity Capture-MS HIT Hazbun TR (2003) High BioGRID =
Reconstituted Complex & HIT Hudson 11 (2011) Low BioGRID -
HIT Hazbun TR (2003) High BioGRID -
Two-hybrid HIT Hu B (2005) Low BioGRID =
BAIT/HIT Duan X (2009) Low BioGRID =
NSE1 | SPCC550.05 Ry /2 ' 4
Smc5-6 complex ubiquitin-protein ligase E3 subunit 1 p0|tlve kvaSInky S' pombe [details]
Experimental Evidence Code Role Dataset Throughput Curated By Notes
Affinity Capture-Western BAIT Pebernard S (2004) Low BioGRID -
Reconstituted Complex BAIT Sergeant 1 (2005) Low BioGRID =
BAIT Pebernard S (2004) Low BioGRID -

- id &
Two-hybrid @ HIT Hudson 11 (2011) Low BioGRID -




Kde najit dalsi informace o PPI?

{2 Interactions Databases - Windows Internet Explorer

@,_ﬁ, - |. |/ proteome, wayne. edu/PIDEL. html :3)‘-:] V| Bl [ $ | [ X [L=J Bing | =

‘ Spubor Uprawy  Zobrazit  Oblbend polofky  Méstroje  Mapovéda

: X ™ odiforae | protein interaction databaze ~ | e 1=b- =L PDFCreator e eBay @ Amazon 72 Options =
: o T = »
7 Oblbeng polozky 53 ﬁ:‘:-:. thinwane weby » @ | Acer Home | deskiopuini & | Free Hotmail & | Solers oblas et Slice = 8| Lenowo _eské republika & | Movorozeneckd _loutenka ... ﬂ:i-.--::'-. A ety
d&l' 7 = wirodimas D - PubMed result i.Interactions Databases X ] '."'?? 8 =1 fE? + Strénka ~ Zabezpedeni - Mastroje - nﬁ-v 2
- Center for Molecular Medicine and Genetics
Finley Lab
| Finley Lab | IM Browser | DroID | Protocols/Reagents | People | Contact

: Pmleds profen inerecton 08 ieis

feopls =

Bioinfarmatics

fopais. Links to Protein Interaction Databases

Proteomics

mm?;zslm Finley Lab Interactions Databases: Na Zékladé PPI V Jednom
« Drosophila Interactions Database (DrolID) Org an ISm u a hOmO|Og “

Heteciar By ke
« Campylobaster jejuni Interactions Databases

WAYNE STATE | Lo
UNIVERSITY Gene or Protein Interactions Databases in the reseach comn prOtelnu VvV JlnyCh

| —> . BioGRID- A Database of Genetic and Physical Interacti Organlsmech Ize

« DIP - Database of Interacting Proteins
—» . IntAct - EMBL-EBI Protein Interaction

Eenter for Poleculy « MINT - A Molecular Interactions Database OdhaanUt, Zda pl’Otelny

Meadicine and

SCHOOL OF MEDICINE

Genetics
Wayne Slae + MIPS - Comprehensive Yeast Protein-Protein interactio 1 T T
S i « Yeast Protein Interactions - Yeast two-hybrid results Interag UJI 'V JlnyCh
J30 & Latmed « BRITE - Biomolecular Relations in Information Transmi

| DEfr by dsod . The PIM Database - by Hybrigenics Org anlsmeCh (Ize dOVOdIt

» Mouse Protein-Protein interactions

« Human Protein Reference Database | pOdle genOVYCh fljle) |

€ Internet g v H00% v

‘4 Start | B4 Mioosoftof.,, +| @ Dorufendpostan: /O InteractionsDa.. | L 2 Microsoft ©F,., = | &) Endioke %1 -[5... | gl nature-Rusios..., gl ProtCell-Feng... | EJ2 Meroscftof., - o5 &) 15
5

http://proteome.wayne.edu/PIDBL.html Vice Dr. Pot&sil



Informacni zdroje PPI

Table 2. Databases Available for Searching and/or Downloading
Data Related to Protein Interactions

Table 3. URLs and Primary Citations for Protein Interaction-
Related Databases

Database Proteins/Domains Type Number of Interactions Database URL/FTP

DIP?, LiveDIP P ES 55,733 DIP [102], LiveDIP[103] http://dip.doe-mbi.ucla.edu

BIND® P ECS 83,517 BIND [105] http:/bind.ca

MPact/MIPS® P ECF 15,488 (4,300)" MPact/MIPS [97] http://mips.gsf.de/services/ppi

STRING P <«— EPF 730,000 (proteins) STRING [119] http://string.embl.de

MINT® P EC 71,854 MINT [120] http://mintbio.uniroma2.it/mint

IntAct® P <+— EC 68,165 IntAct [121] http://www.ebi.ac.uk/intact

BioGRID* P EC 116,000 (30,000)° BioGRID [122) http://www.thebiogrid.org

HPRD P EC 33,710 HPRD [123] http://www.hprd.org

ProtCom P.D SH 1,770 ProtCom [124] http://www.ces.clemson.edu/compbio/ProtCom
3did, Interprets D SH 3,304 3did [108], Interprets[125] http://gatealoy.pcb.ub.es/3did/

Pibase, ModBase D SH 2,387 Pibase [107], ModBase [126] http://alto.compbio.ucsf.edu/pibase

CBM D S 2,784 CBM [26] ftp://ftp.ncbi.nlm.nih.gov/pub/cbm

SCOPPI D S 3,358 SCOPPI [111] http://www.scoppi.org/

iPfam D S 3,019 iPfam [127] http://www.sanger.ac.uk/Software/Pfam/iPfam
InterDom D P 30,037 InterDom [128] http://interdom.lit.org.sg

DIMA D FS —_ DIMA [129] http://mips.gsf.de/genre/proj/dima/index.html
Prolinks P F — Prolinks [104] http://prolinks.doe-mbi.ucla.edu/cgi-bin/

functionator/pronav/

STRING

informace o binarnich interakcich

v databazich — zobrazeny jako sité
(rGzné vysledky = razné Cary)

Shoemaker and Panchenko, PLoS Comp Biol, 2007
http://string-db.org Andreani and Guerois, ABB, 2014



Protein-proteinové interakce

« stabilni (velké plochy, vétsinou soucasti komplexu)

« prechodné/slabé (soucast dynamickych procesu — predavani
signalu, modifikace)

« posttranslacni modifikace mohou zménit vazebné vilastnosti
povrchu (fosforylace, metylace, hydroxylace, SUMO)

« souhrn proteinovych interakci = interaktom

(modularita diky interakcim domeén — rizné kombinace domén)

NETWORK COMPONENTS

Party hubs: !'

same time and
space

Date hubs:
different time and/
or space

*

Hub: node
with high degree

7

Edge: link betwean
two nodes (interaction)

O
Node (protein)

9000
Expression profiles
TyA A and/or localization

Vice Dr. Potésil |

Amino acid metabolism
Membrane Protein — LL\__ Mitosis ———— Meiosis

fusion degradation —— Al
\ / ~ | >/|
.
™ AN,

Vesicular transport N
Cell-cycle —

Cell / \ - control

structure ™ Cell — / | AN I". {
| polarlty /4 J NN Vo
| /| T~ Mating T Protein ™ Vo

Protein folding  / ", response |mod|f|cat|on\\\
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/ \
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J RNA
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I
Cytoklnems |

transpol
| Port e stress - RNA
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and sterol \ -.._\ '| splicing
metabolism Carbohydrate | Pol I transcription
metabolism Pal 1l transcription

TRENDS in Cell Biology

Seebacher & Gavin, Cell (SNAP SHOT), 2011

Network/sit naznacuje funk¢ni vztahy
Tucker et al, TiCB, 2001




Interaktom x komplexom

Figure 3-83 Molecular Biology of the Cell (© Garland Science 2008)

Naznacuji funkeni vztahy
(napf. bunécny cyklus —
struktura chromatinu ... jsou
zprostfedkovany PPls)

Modularita — interaguji domény
(jeden protein vice domén —
zapojeni do vice procesu)

NETWORK COMPONENTS

Pas

Hub: node
same time and with high degrea

/

Edge: link baetween
two nodes (interaction)

@)
Node (protein)

Date hubs:
different time and/
or space

| N NeN N ]
A Expression profiles
J e /J and/or ization

g - Seebacher & Gavin, Cell (SNAP SHOT), 2011




proteinové sité — chybi info o posloupnosti, sile ... interakci

Interakce x signalni draha

—

S. cerevisiae

Receptor
kinases

N
y G protein
o subunit 1
i Sted b Biaiisa
— CDC24 Ste18 G protein y subunits
" GaP | sst2 |[GTP

MAPK kinase

\/  STRING
“w EXperiments Y2H, colP ... genetické interakce

fTal':'nr(;’cripmn
te12 regulators e
T"‘DHtabE_IE"_EE Funkéni vztahy (ontologie) e
Textmining

transkripce
" (hEMe Fusion  Sveédci o potrebé PPI

Fus3 MAP kinase
Msgs "\ Kse

" Coexpression  Potfeba vyskytu ve stejném okamziku a spole¢na translace



proteinové sité — chybi info o lokalizaci, komplexech ...

e Interaktom x komplexom

pheromone extracellular

~DIG1

G proteins

CDC24
cytoplasm  MAPK &

e nucleus

< )
"= Experiments Sit nezn?menéhkomplex, Digir2 ¢ /
“ Databases ale vztany Statp e DIg12
|||I||T'E:I:r_mi r'lll'lg h t \ , h = t

souhrn proteinovyc s eE arget genes

“wGene Fusion komplextu = komplexom
“ COEXPression Wang et al., Nature, 2004



High-throughput screens — interaktomy organismu

Saccharomyces
cerevisiae

Kvasinkovy dvoj-hybridni systém
Hao et al, IJMS, 2016 TAP-tag s MS analyzou



Stein et al, CO in SB, 2011
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Souhrn - protein-proteinove interakce

« proteiny jsou troj-rozmérné - maji rtzné tvary a vice domén =>
maji vice vazebnych mist na povrchu => komplexy a “sité*
 Casti proteini/domény/motivy interaguji s partnery
— domény maji urcitou strukturu, kterd do znacné miry determinuje tvar
jejiho povrchu, ale ...

— charakter (hydrofobicitu, polaritu, naboj) povrchu urcuji postrani retézce
aminokyselin sméfujicich do solventu, takze ...

— interakce proteinu je determinovana povrchem, ktery musi mit tvar i
charakter komplementarni s interakCnim partnerem (typy interakci: ...)

sekundarni a terciarni struktura

string

primarni struktura

surface
surface 1

ni

surface 2

helix 2

(A) SURFACE-STRING (B) HELIX-HELIX (C) SURFACE-SURFACE



