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Podil AMK (primarni struktury)
na proteinovych interakcich

aliphatic, aromatic, cysteine

Enzymatic Channel Parts
| External Middle h
LysArgPro®y ™V g, & His T

Glu GIn Asp TrpPhe [ . ~=2  Cys Tyr

Tyr I I -

HiSArgTrpTyr Phe Asn Asp Thr Met Ser
Channel

2X I-_Iis
3x His

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




Protein-proteinové interakce
od primarni struktury ...
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MBasic

HKRDECGNQSTYATF I L MP V W BAcdic
I Y A D @ 0o Lna ed
amino acid [CINonpolar

pomeér mezi vyskytem AMK na ,intaktnim® povrchu a interakcnim
povrchu — polarni a nabité do solventu tj. povrchu - hydrofobni na
povrchu nejCastéji vytvari protein-proteinove interakce

Eichborn et al, Genome Inf, 2009



Protein-proteinové interakce
od primarni struktury ... -

: | .
Hydrophilic | Hydrophobic

*TRP

More common in
binding sites

Less common in
binding sites

-15

Enrichment in 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 ,,vyhodneJS| se pres takovy
povrch navazat na stejné ,mastneho” partnera

Boas & Altman, PDF



Typy vazeb v PPI

ijontova (polarni) vazba

electrostatic
attractions ———

B-listy

vodikova vazba
> hydrogen bond

van der Waals attractions

hydrofobni vazba /

Kovalentni vazba -

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

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



... sekundarni struktury ...

retezce)

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, smy CKy

. se podili na protein-
proteinovych interakcich (PP1) o iococcue
podobnym zpusobem jako pfi " aureus "
skladani proteinu do 3D — e
podobneé stericke faktory (listy
vuci sobé, Sroubovice vuci
Sobé)

x7

o folding-skladani ... struktura
nékterych ,disordered”
proteinu se utvari az v ramci
Interakce s druhym proteinem

@

Cytolysin A

| QO  O— @' WZ ToXinNy — podjednotky se skladaj tj. vytvari por

az v misté pusobeni (neublizi plvodni burice)




... sekundarni struktury ...

- Sroubovice se vuci sobeé orientuji riznym zpusobem
- skladani slabych vazeb ovlivauje silu a specifitu celkoveé vazby

colled-coll struktura

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

HYOROPHOBE

°%s o> e
olhe T ol e
heptade repeat @ ® @ ®
A ¥
e J
“— hydrofobni jadro
® ® 0 g
heptade repeat ® ®
O o0®

...LKSLHNQLRDLEESLTH...



colled-coll struktura

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

NH, NH,

)~ stripe of =\ |
l hydrophobic {}\\

£ nanr an d udn :“
® amino acids ("

I;:f_:‘ 11 nm

hydrofobni jadro <&
HOOC COOH
...LKSLHNQLRDLEESLTH... Paralelni Sroubovice
0.5 nm

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



Colled-coll struktura

Sila interakce muze byt ovlivnéna sousednimi AMK

Sousedni AMK stabilizuji
interakce Sroubovic

Interchain
attraction

Sousedni AMK destabilizuji
interakce Sroubovic

Adamson et al.: CO in Biotech, 1993




Colled-coll struktura

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

Coils output for hSMCE

il J’ﬁrﬁt ﬂr

T
window=ga

0.6 | | - CC v SMC proteinech jsou
intramolekularni
o.s | | (antiparalelni)

I I O U

1
5] 2ea 408 &Ba 268

Intermolekularni — proteinové interakce

1
la8a 1z2@a

Intramolekularni — v ramci foldingu



Colled-coll struktura

-dlouhé CC (>100AMK) vytvafi vlaknite struktury (myosin, SMC ...

MukB homodimer Smc1 Smc3 Smch Smcé

0002

MukR Condensin Cnhesin Smrh/f
- - Ve Ve -
A Sarcomere
~—Myosin thick filament ____&--Aclln Ihm fllament
g Qe BotGei@phQ '

- CC v myosinu je | #=tris :
intermolekularni  Emsnsr - itntaten

, ;Inne A C-zone C-zone  cMyBP-C i
i
(paralelni) N .
10, N0 W, e

,F.--'--.-‘

,“' (13 Bare zone

)

myosin

kinesin

dynein



Coiled-coll
doména je
vyznamnym
dimeriza ¢nim
modulem u mnoha
proteint (GCN4,
Max ...)

Intermolekularni -
homo- Ci
heterodimery
(oligomery)

Tropomyosin

Catabolite gene
activator protein

Influenza hemaggiutinin
HA2 (pH7)

Serum response factor

Influenza hemagglutinin
HAZ2 (pH4)

Mannose-binding
protein

Lac repressor

Transcript cleavage
factor GreA

ROP

Lupas.: Trends in BS, 1996
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4 Sroubovice

Influenza hemagglutinin

h bunék

IC

v

branach ciz

Ve

ari pory v mem

V44

Cytolysin vytv

Sroubovice se pod ur€itym uhlem dotykaji - obt

N~

Vd

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

V4



string

=« ...terciarni struktura ...
4 kapsa-peptid

« Sroubovice interaguji pod rdznymi thly napf. WHD
» Slaba hydrofobni interakce mezi Nse3 a Nse4

NSE4b
(114-126)

NSE3 WHB

anterior pocket
(3NWO)

Palecek & Gruber: Structure, 2015



4 ~surface 1

surface 2

DOMENY - Sroubovice, B-listy ... interaguji pod rGznymi Ghly
a vytvari ruzné vazebné motivy s rozsahlymi vazebnymi
povrchy

(kokrystal NSE1-NSE3 proteinu)




interakcni motivy

» dalSi interak¢éni motivy jsou tézko definovatelné

» z hlediska tvaru/povrchu je rozdélime na coiled-coil, kapsa-
peptid (kapsa se Sroubovici nebo s linearnim peptidem) a
povrch-povrch (doména-domena)

surface 1

surface 2

helix 1

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

proteiny musi mit komplementarni tvar i charakter



Number of cases

iInterakCcni motivy

« dalSi interakéni motivy jsou tézko definovatelné
velké mnozstvi strukturnich (Pfam) motivi => mnoho interakénich motivu

* Inter-chain jsou PPI
Topologies per interaction type

1 Global Interaction interfaces per domain === (|nt|‘a-Chaln JSOU meZ|
1000 doménami téhoz proteinu)

{1l nékteré domény vazou riizné
100 partnery ale ... vétSina je v
; podstaté unikatni

i (nejvice 1-5 partnert)
10 == L

Jak si poradit s analyzou?

14 M | L UM L8

10 20 30 40 50 60 70 80 90 100
Number of topologies/interfaces

Stein a spol.: NAR, 2011
Mosca a spol.: NAR, 2014



Stein a spol.: NAR, 2011

i nte rakén |, m Otivy Mosca a spol.: NAR, 2014

« dalSi interakéni motivy jsou tézko definovatelné
velké mnozstvi strukturnich (Pfam) motivi => mnoho interakénich motivu

Domain-domain pairs Other statistics

W Inter-chain “@- Structures in the PDB Database
W Both «®- Chains in the PDB Evoluce
B Intra-chain Dom-dom interaction structures
10000 ramzzo 2 ¢ Nejlepe PDB templat ...
14,831 doms. 2
8000 / 240
Pfam 24.0
11,912 doms. Domain name Pfam id # partners
6000 180
V-set PFO7686 161
e % Ras PF00071 62
4000 am 14.% 120 Pkinase PF00069 54
TAS9 dome. Trypsin PF00089 50
ubiquitin PF00240 43
Cl-set PF07654 39
2000 60
WD40 PF00400 32
EF-hand_7 PF13499 32
Ig 2 PF13895 29
0 Y Ank 2 PF12796 29

2004 2008 2010 2013

3did versions



4 ~surface 1

surface 2

DOMENY - Sroubovice, B-listy ... interaguji pod rGznymi Ghly
a vytvari ruzné vazebné motivy s rozsahlymi vazebnymi
povrchy

(kokrystal NSE1-NSE3 proteinu)




Nejlepe Ize ziskat info (vizualni, o typech vazby) z vyfeSenych struktur
(PDBsum)

- oemave

@ Top page @ Protein @ Metals | Prot-prot @ Cefis @ Tunnels @ Links , :
Protein-Protein interface: AHB 3nw0 i

Protein-protein interface:@:®

Chain A Chain B

@
ca
version
Kev: . Salt Disulphid¢ ___ Hydrogen ____ Non-bonded
_ o ¥ bridges bonds bonds contacts
Zhains A and B highlighted
[click to view?
Jimell & Interface statistics Nse3/MAGEG1-NSE1
G _ No. of No.of  No. of No. of No. of
" surface 1 interface Interface  salt  disulphide hydrogen non-bonded
Chain residues area(A®) bridges bonds bonds contacts

surface 2
Q) 16 1015

B 17 1003
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Silné/dulezité interakce (komplexy)
jsou evoluéné konzervovane

« jako jsou proteiny (jejich funkce) evolucné konzervovane,
tak i jejich interakce jsou evoluéné konzervované

graf — povrchoveé AMK jsou malo konzervované (gradel),
zatimco interakcni povrchy jsou hodné konzervovane (grade9)

InterEvDOCK
1.3 docking na zakladé templatu

l l I a homologie
I ge -

1 2 3 “ 5 6 7 8 9

conservation grade %’YMOL
Eichborn et al, Genome Inf, 2009
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surface

NSE4b
(114-126)

NSE3 WHB

anterior pocket
(3NW0)

SMC5

SMC6

(winged-helix doména)

Sroubovice se vaze do
hydrofobni kapsy

mala zmeéna povrchu kapsy
muze zmenit interakéni
schopnosti (Ala mutace
hydrofobnich zbytkd vazbu
narusila)

vice povrchu - mala zmeéna
povrchu muze zménit
interakcni schopnosti
(nabité K, R = vazba na
DNA vs hydrofobni = PPI)

Palecek & Gruber: Structure, 2015



Tato hydrofobni Sroubovice neni transmembranova, ale podili se na protein-proteinové interakci (NSE3-NSE4)
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PLoS One, 2011
,. PLOS One, 2012

Hudson et al.:
Guerineau et al
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na zakladé podobnosti znamé interakce
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Hudson et al.: PLoS One, 2011



hledame kapsy (vice mist)

Hledame vhodné povrchy: komplementarni tvar a charakter

(terciarni)—

MAGEA4

@ Top page @ Protein

Go to PDB code: |2wa0

@ Tunnels @ Links ,

(=] #0

Cleft analysis for: 2wal

2wal i

View options

@ Binding-site(s)

IO Binding-surface(s)

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

O residue conservation

L Jmaol ] [ RasMol ]

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

nejvetsi kapsa

Ligands

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

Residue-type colouring

Neutral

$,T.N.Q

F.Y,W

Pro & Gly
P.G

Cysteine

O residue type T

|



Binding site Binding surface
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Docking partnera (HEX
docking a molekularni
dynamika):

do hydrofobni kapsy
namodelovaneho
proteinu MAGE(C2) byl
nadockovan hydrofobni
peptid (EID2-model)

N = v "\ /

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, LZerD [53-56] ?_
Genetic algorithm GAPDOCK [57] a
Randomized search 3
Meonte Carlo search RosettaDock, ICM-DISCO, ATTRACT, HADDOCK [61-71] e
Particle swarm optimization SwamDock [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]

Geometric
hashing

Docking

HADDOCK je cileny

Huang: DDT, 2014



Dalsi informacni zdroje PPI

{2 Interactions Databases - Windows Internet Explorer

@,_ﬁ, - |. |/ proteome, wayne. edu/PIDEL. html :3)‘-:] V| Bl [ $ | [ X [L=J Bing | =
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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 ELS 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 <«— E,PF 730,000 (proteins) STRING [119] http://string.embl.de

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

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

BioGRID* P e 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:/Atp.ncbi.nim.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/

STRING

functionator/pronav/

Informace o binarnich interakcich
v databazich — zobrazeny jako sité

(rtzné vysledky = rlizné cary)

Shoemaker and Panchenko, PLoS Comp Biol, 2007

http://string-db.org



e souhrn proteinovych interakci = interaktom
(modularita diky interakcim domén — ruzné kombinace domén)

Amino acid metabolism
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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 ... je
zprostiredkovan PPIs)

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

NETWORK COMPONENTS

P . Hub: node
sér‘:\tg gzi?nnd with high degree
space (

i

Edge: link between
two nodes (interaction)

O
Node (protein)

Date hubs:
different time and/
or space

o0 0@
. Expression profiles
o e N fJ and/or localization

B Seebacher & Gavin, Cell (SNAP SHOT), 2011




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

L Interakce x signalni draha

—

S. cerevisiae
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kinases
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Textmining transkripce
 (3ene Fusion  Sveéddi o potiebé PPI
" COEXPression  Potfeba vyskytu ve stejném okamziku a spole¢na translace

Transcription
factor



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

TR Interaktom x komplexom
\ | pheromone extracellular

G proteins

et

", Experiments
- Databases .y .
: o Sit neznamena komplex,
s Textmining
ale vztah _PRE target genes
" Gene Fusion transkripce

o {:-I:I-E:l:pr-EEEiﬂn Wang et al., Nature, 2004



... kvarterni struktura

- vice povrchu jednoho proteinu interaguje s vice partnery
- vzajemne interakce vice proteinu vytvari vétsi povrchy a
vzajemne se stabilizuji — vznika pevny kvarterni komplex

| U B

U B U B | U B
ot [ - . o

Nsel3 SNDane ety —

e - - ERTY™
1 2 3 4 5 6 ’ | 8 9 10
SMC6 SMC5H

Sergeant et al.: MCB, 2005




Souhrn - protein-proteinoveé interakce

proteiny jsou troj-rozmérné - maji ruzné tvary a vice domén =>
maji mnoho vazebnych mist na povrchu => komplexy a “sité”

casti proteinu/domeény interaguji s doménami partneru

— domeny maji urcitou strukturu, kterd do zna¢né miry determinuje tvar
jejiho povrchu, ale ...

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

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

— predikce PPI je obtizna (molekularni dynamika)

string

surface
surface 1

surface 2

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



