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* Proteinoveé interakce — 23.10.

— jak spolu proteiny interaguji? doc. Jan Paleéek
— interaktom jpalecek@sci.muni.cz

* Proteinove komplexy — 30.10.

— protein-proteinové interakce a komplexy
— komplexom, architektura a funkce komplexu

anketa

CG030 — Struktura a funkce proteinovych komplexu

CGO031 — cvi€eni z modelovani proteinovych komplext
(jarni semestr)



Informacni zdroje

Alberts a spol: Molecular biology of the Cell (2008 ...)
Liljas a spol: Structural biology (2009) ...

. hejnovéjsi ¢lanky z ¢asopisu Cell, Nature, Science, PL0S ...

A MODLICUWEAR CLONING MANUAL

Click to L{]{JI{ INSIDE'

Protein—Protein
Interactions .........

Anders Lilji, Lim Liljas, E

urs Pisksar, Gliran Lindk]
B | Foul Nissen o Mortes Kjeldgaard |,r- -
R L1

Databaze proteinovych struktur: hitp://www.rcsb.org/pdb/home/home.do,
http://www.ebi.ac.uk/pdbsum/

Database protein-proteinovych interakci: http://string-db.org/newstring cqi ...
http://www.ebi.ac.uk/intact/?conversationContext=1




* Proteinové interakce — 23.10.
— Interakce: od primarni po terciarni strukturu
— Typy vazeb: pohled chemicky, geometricky ...

— Informatika:
» databaze struktur, interakci ...
 docking ...
* motivy, evolucni aspekty . B
* nastroje ... Fers s

— Interaktom ...
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Podil AMK (primarni struktury)
na proteinovych interakcich

aliphatic, aromatic, cysteine

Enzymatic Channel Par
| External Middle Interr

Channel

- uvnitf hydrofobni, povrch polarni/nabity (do solventu/vody),
ale katalyticka centra (tunely) jsou takeé polarni a nabité
(katalyza biochemickeé reakce) Pravda a spol, BMC Bioinf, 2014



PPl od primarni struktury ...

(e)]
(@)
16 Q
g 15 €
% 14 2=
] RN
§1,3 GCJU)"
3 12 ©<g
g —Z
r L I l oo
o
210 .l -...._ _. .. E_,(_S
£ 09 I I I I 32
2 G >
® 08 i 9
07 Measic

HKRDECGNQSTYATF | L MP V W BAcdic
I N T oo ncharged
amino acid [l Nonpolar

Protein Interior Surface Interface amino acid

interface propensity I
freqAA interface il - o
—> |0 —> =,=,IZIEQ 3 .
9 freqAh surface ) = 'S
proxy for amino acid -
"stickiness” scale KEDQNPGRATSHVLWYMICF I

pomer mezi vyskytem AMK na ,intaktnim® povrchu a interakCnim
povrchu — polarni a nabité do solventu tj. povrchu - hydrofobni na
povrchu nejCasteji vytvari protein-proteinoveé interakce

1.0




Protein-proteinove interakce
od primarni struktury ... - ,

-
-

Hydrophilic | Hydrophobic
2.5 .
#TRP
g 21
> 15 More common in
£ . *PHE S
5 TYR: ILE® binding sites
£ *MET
=
] *ARG .54 * /AL
& *LEU
E
: ] -
£ .15 k 04 5 | Less common in
= . . .
& ASP®, $GLU 0.5 | @ CLY binding sites
v

Hydropathy

*hydrofobni zbytky jsou tlaceny dovnitf proteinu (ve vodném
prostredi se chovaji jako ,mastnota” ve vode) — pro proteiny s
hydrofobnim povrchem je tedy ,vyhodnéjsi® se pres takovy
povrch navazat na stejne ,mastneho” partnera

Boas & Altman, PDF



Typy vazeb v PPI

iontova (polarni) vazba

electrostatic
attractions ———

B-listy

| vodikova vazba
. X hydrogen bond

van der Waals attractions

hydrofobni vazba /

Kovalentni vazba = modifikace
vyjimeéné napf. disulfidické mastky
nebo jiné posttranslacni modifikace
(ubikvitinace, SUMOQylace)

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



... sekundarni struktury ...

retézce)

Porin
(1 ORF - polypeptid
prostup mitochondrialni
membrany)

Podobny ,por” vznika
interakci 7 podjednotek

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



... sekundarni struktury ...

* listy, sroubovice, smycCky
... Se podili na protein-
proteinovych interakcich (PPI) _ &7
podobnym zpuisobem jako pfi =~ awes  ZgEEET
skladani proteinu do 3D — e
podobne stericke faktory (listy

vUuci sobé, Sroubovice vuci
sobe)

\ et

* folding-skladani ... struktura
nékterych ,disordered”
proteinu se utvafi az v ramci
iInterakce s druhym proteinem

Receptor \

B @ Q?—’% ?—-g& ToxXiny — podjednotky se skladaiji tj. vytvafi por
1 il

- az v misté pusobeni (neublizi pivodni bunce)



... sekundarni struktury ...

- Sroubovice se vuci sobé orientuji riznym 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

o/

@0
o o "' ® ®
heptade repeat @ g ® oe®
T J
y w s WATER MOLECULE ¢
(@) “— hydrofobni jadro
A )@ o2 20
© & - -
' () heptade repeat
L ®oo0®

...LKSLHNQLRDLEESLTH...



. coiled-coll struktura

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

helix 2 helix 1

@ Y stripe of — 1}

g ; hydrophobic !
ﬂan and ”d" )’

A amino acids ('

GE’

\ 11 nm

;‘l 1

ro

hydrofobni jad

HOOC COOH

g  LKSLHNQLRDLEESLTH. . paralelni Sroubovice

(A) (B) (@)

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



Sousedni AMK stabilizuji
interakce Sroubovic

Interchain
attraction

I6tl 121914151617 18192021
bedefgabedef

Interchain
repulsion

Sousedni AMK destabilizuji

interakce $roubovic Chain]

Adamson et al.: CO in Biotech, 1993 Chain IT K-E-L-A
Ivanov et al, PLoS One, 2017 2019




coiled-coll struktura

- program COIL: http://www.ch.embnet.org/software/COILS form.html

profil SMC6

i

)

T
wind

Cytolysin A

intramolekularni vs intermolekularni

folding vs PPI

se8 laaa 1288

- CC v SMC proteinech jsou intramolekularni
(antiparalelni)



coiled-coll struktura

-dlouné CC (>100AMK) vytvari vlaknité struktury (SMC kruhy obejmou DNA)

MukB homodimer Smc5 Smcé

MukR C.nndensin Cnhesin Smrh/R

M - CC v SMC proteinech jsou intramolekularni

(antiparalelni)



coiled-coil struktura

helix 2 helix 1

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

A
—Myosin thick filament Sarcomere E—-'f.l:tin

thin filament

Apn e Wothlbohs Wt il A ! o i e W
i St T T i LSy R SE pga - e L L " - o il "~

I

.......
11.‘:".‘-' -

5 )

I.':: Bare zone

myosin  kinesin dynein



Kinesiny

helix 2 helix 1
Directionality and Structural organization
members (alias) properties Length (nm)
[orthOIogueSI ? | 2[5 | 5? | 7|IS | 1|00 | 1?5 | o | 1?5 2?0 |
Kinesin-6 e Plus end Motor domain |Predicted coiled-coil
for example, * Non-processive lobular domain

e G
KIF23 (MKLP1)and = Oligomerizes = !
KIF20A (MKLP2) = Crosslinks N %“‘“‘gﬁo C
[ZEN-4 and Pavarotti] Mg

Microtubule-binding site

Kinesin-12 * Plus end : C
for example, KIF15  * Crosslinks with TPX2 N !? ;

(hKLP2) [xklp2] !

Kinesin-7 ® Plus end N B e

for example, * Processive >
KIF10 (CENP-E) *F .=-6pN Kinetochore-binding siteT T
[((::EE]\ll\JPP—_ar::ica and Microtubule-binding site

Kinesin-5 * Plus and minus ends :
KIF11 in humans (EG5)* Poor processivity N W C

[Cin8, KIp61F and *F=—4pN

Cut7] « Tetrameric crosslinker  Microtubule-binding site .
Kinesin-14 * Minus end . E
KIFC1in mammals  * Non-processive N MC :
(HSET) [Ncd, Kar3, * Dimeric crosslinker T P,
Klp2 and xctk2] Microtubule-binding site,
Kinesin-8 * Plus end '

c

for example, KIF18A ¢ Processive

|

[Kip3, Klp5,Klp6 and *F_ ,=~1pN i Microtubule-binding site
Klp67a] * Dampens microtubule dynamics :

Kinesin-4 * Plus end %N% C

for example, N i =

KIF4 in mammals

DNA-binding site Cross, NRMCB, 2014
[xKlp1 and Klp3a] !



prokaryota eukaryota

o 8 J— o '
§ B-CCtotal: : : : !
s [ T
P : E H

Coiled-coil — — A

4 ] .
doména je | L :
vyznamnym 2 i w ol Ll
- - w ’ 1 i T
dimerizacnim ! : | H | | | H |

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

Transcript cleavage
factor GreA

Intermolekularni -
homo- Ci
heterodimery
(oligomery)

Tropomyosin Influenza hemagglutinin Inﬂuenﬁamhs(rrﬁg;glutinin Mannose-binding ROP
HA2 (pH7) pH4, protein .
Lupas.: Trends in BS, 1996
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Interakce Sroubovic

3 Sroubovice

Influenza hemagglutinin

4 Sroubovice

ich bunék

ach ciz

bran

V' é

pory v mem

Cytolysin vytvafri

v

(W4

J &4

acejl Mueller & Ban, Cell, 2010; 1QOY, 2WCD

Sroubovice se pod ur€itym uhlem dotykaiji - obt



... terciarni struktura ... s
kapsa-peptid

sekundarni struktury (Sroubovice, beta-listy)
interaguji pod ruznymi uhly a vytvafri rGzné povrchy

hlubSi prohlubné na povrchu
mohou tvorit kapsy pro vazbu
partnera (Sroubovice, peptid)

NSE4b
(114-126)

NSE3 WHB

anterior pocket
(3NWO0)

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



Tato hydrofobni Sroubovice neni transmembranova, ale podili se na protein-proteinové interakci (NSE3-NSE4)
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NSE4b
(114-126) Lom)
(modelling) &

WELCOME TO THE UTRECHT BIOMOLECULAR INTERACTION WEB PORTAL ==

:  PROFILE ==

string

The Utrecht Biomolecular Interactions software portal provides access to

surface software tools developed in the Computational Structural Biology group / NMR

Universiteit Utrecht
Research Group of Utrecht University with a main focus on the characterization 3

of biomolecular interactions. Please note that this site is in active development.

HADDOCK WEB DOCKING

HADDOCK (High Ambiguity Driven protein-protein DOCKing) is
an information-driven flexible docking approach for the
modeling of biomolecular complexes. HADDOCK distinguishes

itself from ab-initio docking methods in the fact that it encodes

NSE3 WHB

anterior pocket
(3NWO)

Docking

:*|e 1@ uospnH

Interakce
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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 :za
Monte Carlo search RosettaDock, ICM-DISCO, ATTRACT, HADDOCK [61-71]) 2
Particle swarm optimization SwambDock [72) é
Genetic algorithm AutoDock [73] -
Post-docking approach &
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, CyQus, CONSRANK, etc.

[105-111)

Dock

Geometric
hashing

HADDOCK je cileny

Huang: DDT, 2014



v PDBsum muzete hledat kapsy (povrchy vhodné pro vazbu partnera) —
musi mit komplementarni tvar a charakter (terciarni)

MAGEA4

Go to PDB code: [2wa0 | #O

@ Top page @ Proiein @ Tunnels @ Links ———
Cleft analysis for: 2wal 2wal i

View options

@ Binding-site(s)

IO Binding-surface(s) .

Coloured by

® cleft (as in table below)
O closest atom type

O residue type

O residue conservation

[. Jmol ] [ RasMoI]

R1 Accessible Buried Average : ;
\/ AL — —
e ratio vertices vertices depth Rexidue’bipe Kigands
1 . 237052 § 093 65.15 |1 1055 |1 10950 (1 [8 l 5 N\% 4 1

nejvetsi kapsa

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

Laskowski et al.: Prot Sci, 2018

Residue-type colouring

Pro & Gly Cysteine

3



Binding site Binding surface

Uvnitf kapsy
previada
hydrofobni
povrch

- |

Residue-type colouring
Positive Neg [ Pro & Gly Cysteine
A P.G

Laskowski et al.: Prot Sci, 2018 o




Guerineau et al.: PLoS One, 2012

de novo docking partnera
(HEX docking a
molekularni dynamika):
do hydrofobni kapsy
proteinu byl nadockovan
Jednoduchy” peptid (de
novo docking vetsich
povrchu je nespolehlivy)




Modelovani proteint na zakladé homologii (de novo obtizné)

100
Q
o 80
o
>
O 60 -
e
S
° 40 1 A Template - Target
= ® Model - Target
7
3¢ 201 [[] Template - Target difference
[[] Alignment error
0

% Sequence identity

O 20 40 60 8 100

mit struktury vSech proteinu (proteom)
nestaci — struktury interagujicich
proteint/komplext (interaktom/komplexom)
pfinasi informaci o molekularnich detailech
bunécnych procesu

Dr. T. Klumpler

Modelovani proteinovych komplexu = dockovani také na zakladé
podobnosti (de novo jesté obtiznéjsi)

Kde najit dalsi info o interakcich? V kterych organismech spolu dané

proteiny interaguji?

CG031 — cvi€eni z modelovani proteinovych komplexu
(jarni semestr - Doc. Jan Palecek)



st DOMENY - Sroubovice, B-listy ... interaguji pod rdznymi thly
suface2 g yytvari ruzné vazebné motivy s rozsahlymi vazebnymi
' povrchy

(kokrystal NSE1-NSE3 proteinu)




nejlépe Ize ziskat info (vizualni, o typech vazby)
z vyfeSenych struktur (PDBsum, 3DID - databaze)

(kokrystal NSE1-NSE3 proteinu)




Comain SMC_Nse1 (Pfam: PF07574.11d)

'.w
[ p | Go:0006281 [RTNEET ERNTENTE Sme5-Smes complex ;d

integrace PDB,
PFAM a GO databazi

ZI-RING-like brences  Statistics Help About

https://3did.irbbarcelona.org/

D G G 0 [ Default color scheme ]

Interacting domains (2 domains)

L mace _JON _ zRINGike |

» Overview General information on 3did
» Getting Started Help for new users

Q,HMM profile interface residues in SMC_Nse1 (2 interfaces)

» Technical Information Linking to 3did
HMM prof. interface res. Binding partner(s) > Download data files or MySQL tables

1 [ ]] {1 |

T MAGE 2

[ 1] -

ST ) Cotatstios

7 Pfam version 30.0

Search motif by name or keyword: @ PDEB version 2017 06
| Motir name (e.g. SH2_LIG_0) | search motit | Homat dommnsemoons 11200
Motifs in interactions of known 3D structure 702

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



S surface 1 PDBsum - detailni info

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

(kokrystal NSE1-NSE3 proteinu)

@ Top page @ Protein @ Metals .Fmt—prnt I @ Cefts @ Tunnels @ Links ,
Protein-Protein interface: A{B i 3nw0 i

Protein-protein interface:@1®
NSE1-NSE3

Chain A Chain B

1 kl: L™
Postscript
version

. Salt Disulphid¢ ___ Hydrogen ___ Non-bonded
brldges bonds " bonds  contacts

Chains A and B highlighted
(click to view)

Jmol &

Interface statistics

Interfaces
GHE (1617 res) Mo. of No. of Mo. of MNo. of No. of

interface Interface  sait  disulphide hydrogen non-bonded
Chain residues area(A®) bridges bhonds bonds contacts

G 16 1015
(B 17 1003 '




NSE1 - NSE3

Chain A

Chain B

SMC6

Silna interakce mezi NSE1 (chain A) a NSE3 (chain B)
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AI1CCH2 ASPCL/14-216
A2Q7K6 ASPNC/15-218
BBNLA5 ASPFN/14-216
BEQTRY TALMQ/14-217
V5FED6_BYSSN/14-236
S?Z8E9_PE‘.N01/8—209

B6HI9QY9 PENRW/8-210

HeC92 6_EXODN/14—2O7r
UlGDS8 9_ENDPU/11—202
C5GY37 AJEDR/11-207
C6HSE2 AJECH/11-203

eo #e| http://pfam.xfam.org/family/PFO7574#tabview=tab1

% Najit: plot

NRAFLOAFM. ARSTMTFAEAKPVLAATF.SAH. . ... ...... Juan et al.: FEBS Lett, 2008
NRAFLOAFM . ARSTMTETQAKPVLAATF .STR. . v oo vr....
NRAFLOAFM . ARSTMTFAEARPVLAATF .SWH. . v oo vvn...
NRAFLOAFM . ARSTMTEDEAKPVLAATF .SAQ . « v v v v v nn.. P—
NRAFLOAFM . ARSTMTFEEAKPVLAATF . SAHBAQSTIFFDS! _
HRAFLOAFM . ARSTMTFEDAQPVLAATT . SAH. « . .« o ... .. Organism 2
NRAFLQOAFM . ARSCMTEEDAQPTILAATL, . TVS . « « v v v e u e .. Organism 3
NRAFLOAFL . ARSVLTLETAKPILAATS . TEQ. « v oo v v v, Organism 4
NRAFVQAFL . ARETLTYETSKPLLASIF. TWH . . v oo vvnn .. Organism 5
HRAFLQAFM . ARSTMTYEQRKPVLARTIF .SAR . o o o v vt R —_
HRALLOAFM . ARSTMTYEOAKPVLAATF . TAR . « v o v v v et
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EMBL-EBI :

Family: SMC _

PFAM - databaze proteinovych motivu
Nse1 motiv

Nsel (PF07574)

keyword search

522 sequences

-~

1 structure

s

16 architectures

=

443 species

L]
2 interactions

Summary

| Domain organisation

Alignments

HMM logo

Trees

Curation & model
Species
Interactions

Structures

Jump to... ¥

enter ID/acc @

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

W9YTDO 9EURO [Capronia epimyces CBS 606.96] Uncharacterized protein {ECO:0000313|EMBL:EXJ92910.1} (323 residues)
_SLIG!Nstld q

Show all sequences with this architecture.

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
{ECO:0000313|EMBL:EOD47456.1} (255 residues)

i SMGeNselyms
Show all sequences with this architecture.

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.-
(270 residues)

A— -

Show all sequences with this architecture.

There are 2 sequences with the following architecture: DAO, SMC_Nsel, zf-RING-like
B8MNY1 TALSN [Talaromyces stipitatus (strain ATCC 10500 / CBS 375.48 / QM 6759 / NRRL 1006) (Penicillium stipitatum)] FAD dependent oxidoreductase

MEAACAAAADSA AIERAI] EEMA ANAA 41 (TAA canidian)

PIRTL TN S P .
£ 160%
16:38

13.12.2016
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AI1CCH2 ASPCL/14-216 RAFLOAFM | ARS TMTEAEAK PV LARTF . SBH . - o o e vt eee e ee e eeeeennn EG......... QPVSA. . .DDWTE
A2Q7K6 ASPNC/15-218 RAFLOAFM | ARSTMTETQAKPVLAATF . STR - - e o vvveeveeeeeeeeennns 15]5 PRN EQVSP...EDITE
BBNLA5 ASPFN/14-216 RAFLOAFM | ARSTMTEAEARPVLAATF . SVH - - e e vvveeeeee e eeeennns EG......... EPVSA. . .EDVTE
BEQTRY TALMQ/14-217 TRAFLOAFM | ARSTMTEDEAKPVLAATE . SAQ - - « o e v eveevvee e e eeeennns ENueereennn REVLA. ..EDITQ
V5FED6_BYSSN/14-236 TRAFLOAFM |ARSTMTFEEAKPVLAATF . SAHBAQSTIFFDSSYVEKETANLYLATER. - .. .. ... RPVIA. ..EDITQ
S7Z8E9 PENO1/8-209 TRAFLOAFM | ARSTMTEEDAQPVLAAT T . SAH . - « o e vveee e eee e s eeeennns EG......... RTVDP. . .DEVTQ
B6HI9QY9 PENRW/8-210 TRAFLOAFM | ARSCMTEEDAQPILAATL . THS - - e e vvveeeeeeeeeeeennns EG.v'vvvunn. RTVDP. . .DEVGE
HE6C926 EXODN/14-207 RAFLOAFL | ARSVLTLE TAKPILAATS . TEQ - - e e e eeeeveeeeeeeeennns 5] < S REVQP. . .QDMTV
U1GD89 ENDPU/11-202 RAFVQAFL ARG T LT YETSKPLLASTIF . TVH - - e e veeeeeveeeeeeeeennn EG.v'vvvunn. REILP...NDITE
C5GY37 AJEDR/11-207 TRAFLOAFM | ARSTMTYE QAKPVLABRTIF . SAR - - « s e v oveeveeeeeeeeennns 15) PP QDTLP. ..EDITQ
CEHS5E2 AJECH/11-203 TRALLOAFM | ARSTMTYEQAKPVLAATF . TAR - - « o o v oveevveee s eeeennns DN.erennn. QETLP...EDITQ
F2PT91 TRIEC/10-199 RAFLOAFM | SRSTMTHEEAK PV LAATE . TS - - ot e veeee s eee e eeeennns EG......... REILP...BDITQ
E9DEJY9 COCPS/13-202 TRAFLOALM | AR STMTLNEAKPILAATL . SVK - - « o o v vveevveeeseeeennns 5] c SN REVLP. ..EDVTQ
R7%157 CONA1/13-202 TRAFLOAFL | ARSVLTEEEAQPTILAATL . TAH - - & - o oo e e e e e e e e e e e EG......... RPTLP...ADITT
U4LU38 PYROM/8-205 HRALVQAFL | ARSSMTGEEL LGV TATH . BVE . « « o vt e ettt e e st e e neeeaneannns NPEEP. ..TETTL
S8AAF4 DACHA/9-208 TRTFLQALL | IRPFIDIEEGQELLAATA . SAE - - « s e e evee v eee e e eeeeenns SB......... TDVPEA. . .NSITV
G1X2Y0 ARTOA/8-207 TRAFLOALL | IRPFIDVOEGRELLAATK . SAE - - « o o v oveevveeeseeeennns AG......... SDVSI. ..ESVPP
C5DCF6 LACTC/23-22 BKELLOYVLYRREVESERKALAKALKTE . + v v o v s vt seeeesnennnsessennnnnnns ERDE...... EQLEDSETE
C5DQF6 ZYGRC/37-240 RRYLLOYLLBERGICHENMELTVLDKL . « « v v v v e ve m e emessaeeeeeeannens QK. ...YTQDPTSQVCS.T
I2H1A9 TETBL/24-252 RHLLRYIMASEGTCHENMLLLAL YA « « « v v v v v e v eeee e eemmenmmnnesnennnns NLDYSBDCQQEVIA. . ...
G8C139 TETPH/22-276 RYLLOYLLNCOGTICNE SFMLEALMRIH . « « o v v v v v eeeeeeemmeemmeeeeennnn LTDESSSDDFYRLNMVELN
G8ZVJ6_TORDC/16-236 RIVLOYILHSRETIVEENTLLEALMRL « « « « o v e v v v eeeeeeemme e mmeneenennnnn QBDT. .ETND. . ..VQELY
H2ATCT KAZAF/7-237 SRYLLOY ILYARGICHENALVVALMRL . « ¢« v et eeeee e e eeeeennnnnnns YMDL. . BCFDDAWQIDQWL
J5S7B7_SACK1/17-253 RYLLOYILYARGICHENNLILALMEL . - -« v o e eeeeeee s e e s eeeeennnnnnns ETDA...... SKWSTEQWT
E7NKI9 YEASO/18-258 KYLLOYILARGTICHENALTLALMRL « « « v o v v v v v eeeeeeemmeemmneeeennns ETDA. . STLNTEXSIQQWV
J8PZG2 SACAR/18-258 KYLLOYILYARGTICHENALTLALMRL « « « v o e v v v v eeeeeeemm e e mmeeeennnn ETDA. . LREDAERSMQQWI
GOW7Y8 NAUDC/22-268 BRYLLOYILYARGVCHENALVEALMRE . « & 2 v ot e eeeeeeee e eeeeennnnnnns KVDS. .NTIDPQWTISDWL
GOV5GT_NAUCC/25-272 SRYLLOYILAARGVCHENALMEALMRL . « ¢« v o e teeeeeee s e eeeeeennnnnnns KVDS. . HDVNAHWT I SDWL
J7S9R2_KAZNA/85-303 YLLOYLIQARGVCHENSLLAALMEL - - - o o e e v e et ee e ee e e e e e e e e e e e e SLDLDPHSVSTR.SLDEWS
A7TJI64 VANPO/8-260 CRGTICHENALLLVETIKL .« « - v v o e tteeeeee s eeeeeeeennnnnnnns DKDSVDEEGSPNRTFEDYL

Konzervované AMK svédci 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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ratio interface-freq./surface-freq

1.3
1.2
i1
10
09
08
07
06

05

1

Silné/dulezité interakce (komplexy)
jsou evolucne konzervovane

jako jsou proteiny (jejich funkce) evolucne konzervovane,
tak i jejich interakce jsou evoluCné konzervovaneé (zajistuji funkci)

graf — povrchové AMK jsou malo konzervované (grade1), zatimco
interakCni povrchy jsou hodné konzervované (grade9)

2

3

“ 5 6
conservation grade

7

8

Protein A \"

@ highly conserved

® moderately conserved

® not conserved

' Hot spot

Eichborn et al, Genome Inf, 2009

Keskin et al.: JMB, 2005



BlOG RID3'4 home help wiki tools contribute stats downloads partners aboutus | '

Gene / Identifier Search
nse3

Search Results

All Organisms

Your search for NSE3 produced the following 4 results:

Results matching official symbol / systematic name - 2 total proteins:

NSE3 (YDR288W) Saccharomyces cerevisiae (S288c)
Component of the SMC5-SMC6 complex; this complex plays a key role in the removal of X-shaped DNA structures that arise 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 (SPCC645.04) 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 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 =
Dosage Rescue HIT Magtanong L (2011) High BioGRID »
Negative Genetic BAIT/HIT Costanzo M (2016) High BioGRID B %Ll

BioGRID — databaze interakci (v€éetné 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 ... HIT Doyle JM (2010) Low BioGRID -
. BAIT Taylor EM (2008) Low BioGRID -
=
Affinity Capture-MS & BAIT Huttlin EL (2015) High BioGRID e
BAIT Huttlin EL (2017) High BioGRID (3 Ll
BAIT 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 -
. . BALT Taylor EM (2008) Low BioGRID =
= H
Co-fractionation & BALT Wan C (2015) High BioGRID EJT
Reconstituted Complex BAIT/HIT Doyle IM (2010) Low BioGRID -
NSE1 | YLROO7W pucici kvasinky S. cerevisiae 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 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 T4 H 4
Smc5-6 complex ubiquitin-protein ligase E3 subunit 1 pOItlve 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 ] (2005) Low BioGRID =
. BAIT Pebernard S (2004) Low BioGRID -
- &
Two-hybrid & HIT Hudson 17 (2011) Low BioGRID .




Kde najit dalsi informace o PPI?

= Interactions Databases - Windows Internet Explorer |Z|[E|rg|
@.\— 3y - |. http: ffproteome. wayne. edufPIDEL, html | Vi W X Eing | 2
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I ﬁi;.-:.g'f;-._-__- i protein interaction databaze *l Search 1|> 7’_, FOFCreator e eBay &, Amazon = Cpkions -
. - = = £ — .».
- g Oblibens polozky - 95 u porhiovanc weby = @ | Acer Home | deskbop.ini @ | Free Hotmall & ] Galerie oblast Web Slice = @ | Lenovo _eskd republika @ | Movorozeneckd Joutenka .., ﬂ 12 weby -
ggév £ Hirodimas DP - PubMed result ..Interactions Databases x| ftiﬁﬁ - B [ r@; * Stranka ~  Zabezpedeni = Mastroje - [ﬁv 2
- Center for Molecular Medicine and Genetics =
Finley Lab
| Finley Lab | IM Browser | DroID | Protocols/Reagents | People | Contact
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Fecple
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B Links to Protein Interaction Databases

() Proteomics

155 erokein Trespacon TSIk Finley Lab Interactions Databases: Na Zékladé PPI V Jed nOm
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{ Malecular Biology links

+ Drosophila Interactions Database (DroID) Organ |Sm ua homOI()g ||

« Campylobaster jejuni Interactions Databases
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UNIVERSITY Gene or Protein Interactions Databases in the reseach comnr prOtelnu V JlnyCh
SCHOOL OF MEDICINE : : ; < .
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« DIP - Database of Interacting Proteins OrganlsmeCh Ize
— . IntAct - EMBL-EBI Protein Interaction .
SO T o B « MINT - A Molecular Interactions Database Odhad nOUt, Zda prOtelny
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jNasnE e « MIPS - Comprehensive Yeast Protein-Protein interactio l TH i
it ol of . Yeast Protein Interactions - Yeast two-hybrid results Inte I"angI Y JlnyCh
540 E. Canfield « BRITE - Biomolecular Relations in Information Transmi . .
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« Mouse Protein-Protein interactions . , o s
« Human Protein Reference Database | pOdIe genovyCh fUZ]) |
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http://proteome.wayne.edu/PIDBL.html Vice Dr. Pot&sil



Informacni zdroje PPI

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

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

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® b 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 Bl 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 5 2,784 CBM [26] ftp:/Atp.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 F.S — DIMA [129] http://mips.gsf.de/genre/proj/dima/index.html
Prolinks P F — Prolinks [104] http://prolinks.doe-mbi.ucla.edu/cgi-bin/

STRING

functionator/pronav/

informace o binarnich interakcich
v databazich — zobrazeny jako site

(rtzné vysledky = rlizné &ary)

Shoemaker and Panchenko, PLoS Comp Biol, 2007

http://string-db.org Andreani and Guerois, ABB, 2014



Protein-proteinové interakce

stabilni (velké plochy, vét§inou soucasti komplexu)
prechodné/slabé (soucast dynamickych procesu — predavani

signalu, modifikace)

posttranslaéni modifikace mohou zménit vazebné viastnosti
povrchu (fosforylace, metylace, SUMO)

souhrn proteinovych interakci =

interaktom

(modularita diky interakcim domeén — rizné kombinace domén)

NETWORK COMPONENTS

Vice Dr. Potésil |
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Seebacher & Gavin, Cell (SNAP SHOT), 2011

Tucker et al, TiCB, 2001

Network/sit naznacCuje funkcni vztahy




Interaktom x komplexom

Figure 3-83 Molecular Biology of the Cell (© Garland Science 2008) \ % J X,
- o @ ® /
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proteinové sité — chybi info o posloupnosti, sile ... interakci

Interakce x signalni draha
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proteinoveé sité — chybi info o lokalizaci, komplexech ...

e Interaktom x komplexom
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High-throughput screens — interaktomy organismu

4 Physcomitrella patens
G:ORF
P:protein bacteriophage lambda
Linteraction ( G- 68 '_

k631 )

P: 6,356 W ir sinensis
I: 62,780 %

Kvasinkovy dvoj-hybridni systém
Hao et al, IUMS, 2016 TAP-tag s MS analyzou
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Souhrn - protein-proteinoveé interakce

« proteiny jsou troj-rozmérné - maji ruzné tvary a vice domén =>
maji vice vazebnych mist na povrchu => komplexy a “site"
« Casti proteinu/domény/motivy interaguiji s partnery
— domeény maji urcitou strukturu, ktera do znacné miry determinuje tvar
jejiho povrchu, ale ...

— charakter (hydrofobicitu, polaritu, naboj) povrchu urCuji postrani fetézce
aminokyselin smérujicich 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
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