Informacni zdroje

Golemis a Adams: Protein-protein interactions ...
... Z praxe, nejnovéjsi metody z odborné literatury ...
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Database protein-proteinovych interakci: htip://string-db.org/newstring _cai ...
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Metody analyzy proteinovych komplex

- ultracentrifugace, gelova filtrace,

- TAP-tag (a jiné tagy) purifikace a MS analyza

- ko-imunoprecipitace, pull-down, ko-purifikace ...

- cross-linking MS, (cryo) elekironova mikroskopie ...

Metody analyzy protein-proteinovych interakci

- martix/beads-based: pull-down (in vitro), colP ...
- hybridni: Y2H (kvasinkovy 2-hybridni), BIFC ...

- MS-based: painting, H-exchange ...

- proximity-based: FRET, PLA ... Hybridni!
- ko-krystalizace, NMR analyza ...

- In silico metody (docking)

- kvantitativni: SPR, ITC ...
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- databaze (interactom a komplexy ...)
- genetické metody (synteticka letalita, suprese)



Metody analyzy protein-proteinovych interakci

- matrix/beads-based:
ko-imunoprecipitace
ko-purifikace — gelova filtrace
pull-down

analyza proteinovych domén
analyza interakénich povrchu
pouziti peptidu

- mapovani interakci

- hybridni: Y2H (kvasinkovy 2-hybridni), BiFC ...

- MS-based: painting, H-exchange ...

- proximity-based: FRET, PLA ...
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Metody analyzy protein-proteinovych interakci

- TAP-tag (,Tandem-Affinity Purification®, jiné tagy a protilatky)

Protein Ta

Tagy (a protilatky):

Myc, FLAG, V5,

S-tag, Streptactin

(biotin-streptavidin),

<<GFP, GST, MBP
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Hybridni!

ko-
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lze vyuzit i pro
analyzu protein-
proteinovych
interakci —
umeéle vnesené
konstrukty (napfr.
transfekce
plasmidu do
bunék) riziko
neprimych
interakci



Ko-purifikace

Silné interakce/komplexy — proteiny Ize ko-exprimovat (muze
pomoci s jejich rozpustnosti) a nasledné ko-purifikovat (vice

Dr. R. Dopitova)
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Nse4 protein se samostatné exprimuje malo a je malo rozpustny
Exprese ze stejného plasmidu (RNA, proteiny na stejné hlading,
na stejném misté — ko-translace na polyribosomech)




Ko-purifikace

3. Gelova filtrace

= Nsel-3-4 Nsel-3 Nsel
2 < < <« < <« <« << < @ @ o
= (@)} o — o o < n O ™~ =] o — o
(o] o o o o o M o on (<)} i — —
— S — e T ——
":70 L Twwwwwe
3 2 1
Nﬁ i ——
5-40 N§§3;- e 4 4
- ES .
W 5 Nser e cwwvee@Pl NSMCE3
- NSMCE1
;g:o 15 -
NSMCE3-L264F
— NSMCE1
Tube#468101316192225283134374013579111417 20 23 26 29 32 35 38 41
I:I1$®m$LﬁjI_I EI I I I I I I I I I I I I I I I I I I I I I I I I I I weeesde s s s g g g sy s e e e e e e m lﬂ 15 nwa
3 A r . . @ .
90.0 agregaty < 175 120, .
r - [ |
80,0 : o £ 1.50 — 100 '
700 2 g C % Pl NSMCE?+ NSMCES
F 2 g £1.25 ‘g' 80 " " — NSMCE1 + NSMCE3.L264F
600 : .’ 2
500 }\ ) 1,00 g o o Mutace
o . [ [ v s .
: — : 8 v ovliviuje dimer
40,0 V1 g £0.75 § ol VL e ML
300 - i 2 oy S05-PRGE
F £0.50 2 .,
-20.0 :
£ 10.0 / QFO.ZS L A
: - 10 12 14 18 18 20 22 24
Fnn ~0.00 Elubon volume (mi)

Van Crabben et al, JCI, 2016



Pu"-dOWﬂ (variace) Silné interakce - oba proteiny

Podobny princip jako pfi ko-purifikaci V INT (nM-pM)
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MAGE-B18
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Charakterizace
interakci
— detailni mapovani

MS spektrum celého proteinu
(normalni pokryti sekvence)

MS spektrum precipitatu

(obohacena interakéni ¢ast)
P. Reichman (Diplomova prace)

Dalsi MS metody dale ...



- , ;s Podobné jako pfi ELISA
PeptldOVG map0vanl jamky jsou potazené streptavidinem

peptidy se pres biotin ukotvi

surface 1

surface 2 [ Silbstrate Peroxidase (HRP)

labelled anti-species
anhbody
(A) SURFACE-STRING (B) HELIX-HELIX (C) SURFACE-SURFACE
Epi'tclpe
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Lze map_ovat epltop pro. p.rotlllatky (va,zbu) Figure 1: An ELISA using biotinylated
Pep“dy JSOU na N-kOﬂCI b|0t|ﬂY|ovane peptides and coated plates



Charakterizace interakci —

string J

helix 2

bt £

~~ surface 1

surface 2

Podobné jako pfi ELISA

P€ jamky jsou potaZené streptavidinem

peptidy se pres biotin ukotvi

Peroxidase (HRP)
ERTES labelled anti-species

antibody ‘/

HRP

Readout as
luminescence

or colour
N\
Immobilized k Antiboc.iy'
biotinylated —» recognising
peptide peptide

Figure 1: An ELISA using biotinylated
peptides and coated plates




Peptidové mapovani

string

Table 3. S. pombe Nse4 synthetic peptides list

surface Nse4 peptldy
peptide sequence
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Analyza Nse3-Nse4 interakce

Délka: 25 AMK
Posuv: 5 AMK
Knihovna: 18 peptidu

Guerineau et al, PLoS One, 2012




Relative Absorbance %

WT peptide

Charakterizace interakci — ,,alanin scan®

EID2 peptidy (paralog Nse4)

WT peptide
peptide #1

Délka: 25 AMK
Posuv: mutace po 1 AMK
Knihovna: 20 peptidu

peptide #2
peptide #3
peptide #4
peptide #5
peptide #6
peptide #7

peptide #38
peptide #9

peptide #10

peptide #11
peptide #12

peptide #13
peptide #14

L2
T
S

Q.

mutant peptides

peptide #19

QRNPHRVDLDILTFTIALTAS
ARNPHRVDLDILTFTIALTAS
QOQANPHRVDLDILTFTIALTAS
QRAPHRVDLDILTFTIALTAS
QRNAHRVDLDILTFTIALTAS
QRNPARVDLDILTFTIALTAS
QRNPHAVDLDILTFTIALTAS
QRNPHRADLDILTFTIALTAS
QRNPHRVALDILTFTIALTAS
QRNPHRVDADILTFTIALTAS
QRNPHRVDLAILTFTIALTAS
ORNPHRVDLDALTFTIALTAS
QRNPHRVDLDIATFTIALTAS
QRNPHRVDLDILAFTIALTAS
QRNPHRVDLDILTATIALTAS
QRNPHRVDLDILTFAIALTAS
QRNPHRVDLDILTFTAALTAS
QRNPHRVDLDILTFTIAATAS
QRNPHRVDLDILTFTIALAAS
ORNPHRVDLDILTFTIALTAA

Guerineau et al, PLoS One, 2012



Relative Absorbance %

Mutace - mapovani interakci

zmapovana vazba sroubovice/string

mutace (disrupce) ukazi, které AMK jsou
dulezité pro interakce (nebo strukturu)

-GJ 102 3 45 6 7T 8 8 101 1213 W5 06T 88 Jakje éfOUbOVIce Orlentova,na?

DA< << qg< < <3 iy v s .
agéggsé 23Beg 33 §:: S 33,5'::& Mohou mutace vylepsit interakénich schopnosti?
PrrraNgNad NN aNT NNw 2

aOnﬁzo.Igzo_:oS_n—g.t—‘l‘;n—mg Viz dale _

S mutant peptides s Guerineau et al, PLoS One, 2012



Metody analyzy protein-proteinovych interakci

- beads-based: pull-down (in vitro), colP ...
- hybridni:
- transkrip¢ni 2-hybridni systém - domény
reverzni systém — analyza PPI
- vice-hybridni systémy
inhibice PPI
- membranovy systém - pathway
- komplementacni systemy - fold
BiFC, DHFR

Literatura: Protein-protein interactions, Golemis & Adams, CSHL Press, 2005



Galactose
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Palecek: Biologie kvasinek (C9045),
Str.& Fun. Prot komplext (CG030)

Galactose-inducing conditions

Dvou-hybridni
systemy
(kvasinkoveé)

Pri studiu mechanismu
transkripce v kvasinkach
S. cerevisiae byl vyvinut
tzv. Y2H

Na spinani/regulaci
metabolismu galaktosy
se podili transkripCni
faktor Gal4dp — vaze
specifické sekvence v
UAS genu (Gal enzymu)
a aktivuje jejich

tranSkrlpCI Uetz and Finley, 2005
Traven et al.: EMBO Report, 2006
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1 Gg43 196 768 881
GAL4 %u

DNA w7l y DIMERIZATION TRANSCRIPTIONAL
BINDING (DNA-INDEPENDENT) ACTIVATION
(a) —*

Promoter Reporter gene — 11T

Transkrip&ni
DNA locs komple

. ]il transkripce
[ uas

tranMofce

- DNA-vazebna domeéna (DB) bez
aktivacni domeny (AD)

neni schopna aktivace transkripce
Je mozné propojit domeny jakymkoli transkripce

linkerem a transkripci reaktivovat

lacZ

::?_

Luban & Goff, CO Biotech, 1995
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plasmid

plasmid Bait tirary | (LEU2) Transformace plasmidi do kvasinek
(TRP 1) proten transcription

DNA-BD

% GAL UAS millil'nil prumnlﬂr

Galactose-inducing conditions
T > Gal3
-~ il i C)’f%
T /-
Proteolysis - i ;@’b
AH109 MATa, trp1-901, leu2-3, 112, ura3-52, his3-200, \\ _ 00/6,0
Kvasinkovy galdA, gal80A|LYS2 - - GAL T 4s-GAL 17474-HIS3, \ Gall e
UAS™ rata-ADEZ, T N ) [ '\7,\ /
kmen URA3 : - MEL 1yss-MEL1 1a74-lacZ %}; Polland GTFs )
UASGaL WV TATA S
- Testuje se
GAL2 UAS GAL2 TATA ADE2 schopnost rustu

kvasinek na médiu

MEL1 UAS MEL1 TATA “ bez histidinu (nebo

adeninu — Cervena/bila)

MEL1 UAS MELI TATA MEL1 - Ize pouzit i pro
hledani proteinovych
MaV203 kmen navic obsahuje URA3 reporter gen — Ize interakCnich partnerd

tedy selektovat na uracilovou auxotrofii + reversni system  (screen knihovny)
tj. mutanty disruptujici interakce (na FOA)



Reportérové geny

Reporter genes

E. coli lacZ*
S. cerevisiae MELI

E. coli gusA
Aspergillus oryzae lacA3

S. cerevisiae HIS3*

S. cerevisiae LEU2*

S. cerevisiae URA3

S. cerevisiae ADE2*

S. cerevisiae LYS2
Aequorea victoria GFPuv
EGFP

Yeast EGFP

Aureobasidium pullulans
AURI-C

B-Galactosidase chromogenic reporter (178)

Secretory a-galactosidase chromogenic
reporter (5)

B-Glucuronidase chromogenic reporter (580)

Engineered secretory B-galactosidase
chromogenic reporter (318)

Prototrophic reporter for histidine
biosynthesis (673)

Prototrophic reporter for leucine biosynthesis
(234)

Prototrophic reporter for uracil biosynthesis
(374)

Prototrophic reporter for adenine
biosynthesis (299)

Prototrophic reporter for lysine biosynthesis
(580)

Fluorescent reporter (107)

Fluorescent reporter (613)

Fluorescent reporter for flow cytometry
screens (88)

Aureobasidin A resistance reporter (167)

Stynen et al, Microbiol Mol Biol Rev, 2012

kvantitativni

auxotrofie
(media bez ...)

FACSorting

rezistence
(media s aureob)
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mutanty BD- testovaci miska
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“alanin scan” konzervovanych
AMK ukazal hydrofobni kapsu
na povrchu Nse3 ...

... do niz se vaze hydrofobni
Sroubovice Nse4 proteinu

Pomoci in silico (MD) analyzy
byl vytvoren model dimeru
Nse3-Nse4 (docking)




Reversni system (Y2H)

Yeast growth selections
a
Control Forward Reverse
O O |
= je vhodngjsi
b pozitivni selekce
Drug — |r'|IEFEiI.".ﬁ'EIr‘|-E!iSFLI’.:‘-IEI:h:\IWL (Screenovat na
\*, @ rostouci
? kvasinky)
h & I &&
A —

Gal4
X ¥ AD ]
( RNA Pol Il

Transcription — Lethality

i/ Y & ¥ ¥ K/
Gal] UAS TATA

URA3/CYH2/GAL1
- pfi pouziti URAS3 reportéru Ize pouzit toxickou 5-fluoro-orotatovou

kyselinu (5-FOA) k negativni selekci tj. interakce povede k zahubé

kvasinek, zatimco mutanty neschopné interakce na FOA plotnach
porostou (mutanty nebo syntetické latky)

TIBTECH (1999) p. 374



Interaction
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— Vetracycline oporator . — Splin-Hyhrldl

Yeast $rain
HEIS-LEL-TRP

Split-hybrid systém

VP16 CREB Lac Z
N <0 T
- -~
PCR mutagenesis
Mutated library

27,000 yeast transformants screened in
the split-hybrid system with LexA-CBD

v

-5,000 Growth(+)

¥

536 X-gal(+)

193 mutant DNAs were isolated and re-screened
in the split-hybrid and two-hybrid strains

¥

Growth: 152 split-hybrid (+), two-hybrid (-)

70 mutants contained single amino acid mutations



Interakce vyzadujici post-translacni modifikace

Rpm2

H3-GenS{wt)

H3-GenS(F221A)

H4-GenS{wt)

transkripce
> H4-Gen5(F221A)
GAL1 UAS minimalni Reporter gen —
GenS(F221A)
» >< _Ade N
Ac % EeI:n.
000 T G x
GDBD H3  Gen5 (wt) HA Gen5 (F221A)

H4

- Nékteré protein-proteinové interakce jsou zavislé na post-translacnich modifikacich
- v bunice jsou pfitomny napf. acetylasy i deacetylasy, ale nemusi dochazet k
acetylaci hybridniho proteinu — feSenim je ,pfipojeni“ pfislusného enzymu k hybridu
- konstitutivni modifikace a enzym ve stechiometrickém pomeéru k substratu (nejsou

nutné kofaktory regulujici interakci/modifikaci)
Guo et al, Nat Biotech, 2004



n Mat a buriky

8x12 jamek
(96 na misku)
VSechny ORF

Mat a buriky YV O

ELERE !
Adaz2 -

Kvasinkovy, lidsky ...
JINTERACTOM®
High-throughput — testovany
knihovny 6000x6000 proteinu
(kombinace pomoci parovani
misto transformace) L nass VPRO4SC <
Uetz et al, Nature, 2000
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Prehled hybridnich systému 150 mm3-aT

(a) "\l (-Leu, -Trp, -Ura, -His)
‘ AD
/g i 90 mM 3 - AT
( BD /I "_’
| | — |

(-Leu, -Trp, -Ura, -His)

DNA binding site Reporter gene 30 mM 3-AT

(-Leu, -Trp, -Ura, -His)

(b) == =
mo\; 20 mM 3 - AT %
z 4 (-Leu, -Trp, -Ura, -His) . W
j BD I '

T™ . o . 14 ‘: :

DNA binding site Reporter gene (-Leu, -Trp, -Ura, -His) , 1* e
(€) ~ 10 mM'If - AT . (“;:..F“\
AD | (-Leu, -Trp, -Ura, -His) | ®¢%°

— SmM 3-AT

/)
57/ (-Leu, -Trp, -Ura, -His)
( ep ) I%é’

Kontrola: (-Leu, Trp,
Ura)

DNA binding site Reporter gene

y hinge !
(d) I
\ p N\ SMC6 SMC5
/;/"\\ é/[
K“ = arm ’%1

% BD

DNA binding site Reporter gene

BD-Nsel+AD-Nse4

AD+VP

VBD+AD-Nse4+VP

BD-Nsel+AD-
Nse4+pPM-Nse3




Targeted recruitment of GFP-tagged proteins (F3H)

Fluorescencni 3H P

B
* * * [] * HOM=2 * HDAE2 * HDMz
> et | * . 4 P5 psa
Nutlin-2 k- Efa.'cl ie. | “ E&d a&d

[
| “=--.. Lac oparalor amay .

1 /‘\C‘?'Insn ‘\
I GFP- bl ing protei m/
1 {GBP) e =

TTe-e.. lac npe:ator amay .
Tyloso
GFF'-tltndlng protain >
(GBP)

elore aadin in er aadin: utiin
C Before adding Nutlin 3 After adding Nutlin 3

. B hg;‘»sa “ ______________________________

//////////////////////// /////////////////// X

- Lac operator array -

-Lac operator array -

------

o
= 4
o
-
™
£
=
=z

0+ -
Herce et al, Nat Commun., 2013 \J
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Analyza vazby protein-RNA (Y3H)

D MS2 RNA RNA X

MS2-MS2

& X \“’\«' \ .’
LexA Op

TFi hybridni/fuzni konstrukty:

1. DB-Gal4 a RNA-vazebny protein (MS2 virovy coat protein)

2. RNA molekula slozena z TAR (HIV trans-activation response element) a MS2
sekvence

3. AD-Gal4 a trans-activation protein Tat (vaze TAR)
Hybrid Hybrid  Hybrid
Protein 1 RANA Protein 2

1 ] TAR-MS2

2 [RSTNLEYE RAT-MS2

3 PSR 2SM-RAT

4 [T WNEYY TAR-MS2

SenGupta et al, PNAS, 1996

5 TAR-MS2



Hook

Vazba ligand-receptor (Y3H)

glucocorticoid receptor - FKBP12

Bait Fish

Transactivation domain

Receptor for 4
Ligand A Receptor for
Ligand B
DNA-binding -
domain
Reporter Gene
Operator
Fruitful Ligand-Protein Interactions
Reporter Gene
Operator

Licitra & Liu, PNAS, 1996

dexamethasone Mmeo.
Me.,

TFi fuzni (hybridni)
makromolekuly

(2x protein a 1x
nizkomolekularni ligand)

4 FK506




Metody analyzy protein-proteinovych interakci

- beads-based: pull-down (in vitro), colP ...
- hybridni:
- transkrip¢ni 2-hybridni systém - domény
reverzni systém — analyza PPI
- vice-hybridni systémy
inhibice PPI
- membranovy systém - pathway
- komplementacni systemy - fold
BiFC, DHFR

Literatura: Protein-protein interactions, Golemis & Adams, CSHL Press, 2005



CytoTrap 2-hybridni systém

Kvasinkovy cdc25-2 ts mutant — lidsky hSOS (guanine exchange factor) aktivuje
RAS pokud je ukotven na membranu v jeho blizkosti

- jeden partner je myristylovan (signalni sekvence) a ukotven na membranu a druhy
(interak¢ni) partner je fuzovan k hSOS — spusti Ras drahu (roste i na vyssi teploté)

Ras signal
transduction
~ pathway

‘ activated

Broder et al, Cur Biol, 1998




selekce na
kulickach

+ Ag-labeled
magnetic beads

Yeast expression host Surface displayed library

Expand
sorted cells Brore

+ Fluorescent | ofinterest |
antigen

Expand
sorted cells

—

Sort by FACS

, mnozenim bunék se
selekvce, nabohati ,nejlepsi“ sekvence
fluorescencni - opakovany sorting

- analyzovany protein je umistén na povrchu buriky (kvasinkové, bakterialni/fag) —
¢im vyssi afinita tim vétsi pravdépodobnost ,zachyceni® — Ize vyselektovat nejlepsi

vazebné sekvence (pfi pouziti ,knihovny*) Boder et al, Arch Bioch Biphys (2012)



LEHVVD LDHLSD SDHLLD

cilena in vitro evoluce

LDHLVD LDHLLE

LEHLVD

Dans S
C.T. S LEHLVE LDHLLD ‘_ EDHLLD
M. m. T
H.8 3 ' LKHLVD FDHLVD { LDKLLD
X New mutation No fitness increase
A) Error-prone PCR
Gene Improved fitness . Loss of function
template [ ;
PCR with —_—
suboptimal ,
incubation |
conditions —X
LV 2 \J
‘ Initial or wild-type activity
B) Site-directed mutagenesis C) De novo gene synthesis
Gene Overlapping
template : i .
& Ly —NNN=  —NNN— takto Ize modifikovat
5 encoding —— - — ) o, )
PCR with —NNN—s mutations interak¢ni schopnosti
L il — NNN— I} protein a nalézt motivy
primers PCR W .Y, ..
J_:L assembly ————=NNN NNN S VYySSI afinitou ...
NNN
Currin et al, CSR, 2015




Metody analyzy protein-proteinovych interakci

- beads-based: pull-down (in vitro), colP ...
- hybridni:
- transkrip¢ni 2-hybridni systém - domény
reverzni systém — analyza PPI
- vice-hybridni systémy
inhibice PPI
- membranovy systém - pathway
- komplementacni systemy - fold
BiFC, DHFR

Literatura: Protein-protein interactions, Golemis & Adams, CSHL Press, 2005



Ubiquitin

Protein-fragment complementation

Dihydrofolate
Reductase(DHFR)

Shekhat & Ghosh, CO in ChB, 2011

o,

GFP

o
p—Lactamase  Firefly Luciferase TEV Chorismate Thymidine
Protease Mutase Kinase

Current Opinion in Chemical Biology

Bimolecular fluorescence complementation - BiFC

N terminal fragment

X protein

C-terminal fragment

Y protein

Complemented FP

X/Y protein complex

- Kodama & Hu, Biotechniques, 2012



Bimolecular fluorescence complementation - BiFC

3
:
T
:

-
Ll
-

o
1
=]
=

|

¥EY

P —
-\:'E“ﬂTaE;I"'"T;qwk.d

155

Propojuje se zpét fold/struktura nikoli 2 domeény jako u Y2H
(lokalizace proteinu do tkani, bunéénych kompartmentu ...)

AHP3:YFP-N
4+

CKI1:YFP-C

AHP4:YFP-N

-

CRI:YFP-C

3 4

Pekarova et al, Plant J., 2011



Dihydrofolat reduktasa/methotrexat

Individual MATa Mating of
bait strains individual MATa Methotrexate
printed onto bait strains with ~ selection of
MAT« array MAT array diploids _fqr DHFR
Individual MATa activity

g’y . d >
O Bt 2= L4 —
N |

—

Unbur X
Aktivni DHFR je . ﬂ

No Interaction Interaction
No complementation Oomplementallon

MATa, (bait-F[1,2])"{

MAT c, (prey-F3)])

*Image Analysis
*Colony Quantification
+Clustering

vytvofena propojenim
dvou separovanych Casti__
enzymu — odbourava prowss. e
kvasinky toxicky

methotrexat (screen)

Tarrasov et al, Science, 2008

| Lze selektovat
4 tj. pouzit pro
screen




Komplementace proteinu

Interakci dvou partneru dochazi ke komplementaci
eGFP na povrchu kvasinkove bunky (ukotveno
pomoci fuze s Aga2 aglutininem) — buriky mohou byt
vytfidény pomoci FACS

Johnsson et al, PNAS, 1994
Stynen et al, MMBR, 2012

Interakci dvou partneru dochazi
ke komplementaci ¢asti
ubikvitinu — puvodni verze
zalozena na Western blot
detekci




Western blot analysis Reporter gene activation Degradation: 5-FOA resistance

Interakci dvou partnertd dochazi ke komplementaci ¢asti ubikvitinu — ptvodni verze
zalozena na Western blot detekci - adaptovano pro kvasinky se selekci na principu
transkripce (klasického reportérového genu LexA-VP16/Gal4 nebo [Ura3 reversni])

Stynen et al, MMBR, 2012



L}V 4

_RRSY2H | (IRRS Y2H
= ‘ § ‘ b ‘ . Disruption of G-protein signaling
< SRS Y2H |
N . Downstream MAPK signaling i ‘0.033_3.‘ c

¢ -vv MU_
TP fusion Y2H

Bruckner et al, IUMS, 2009

W iUadp ——»  Ura3p degradation

USPs  — 3 T
| Split ubiquitin Y2H |

J

Sscinex?)
®e

Reporter gene transcription

usPs Classic Y2H

\\\

[ SplitTrp Y2H |

RNA Pol I

N\ Tryptophan ome P oo cone 8
; synthesis

\ ~

transcription on

[ RTAY2H |

transcription off

Ve (Polll Y2H |

rehled kvasinkovych PPl biotechnolog

transcriptionon

P



Metody analyzy protein-proteinovych interakci

. MS based:

- H-exchange ..

- protein palntlng
- crosslinking Prednaska doc. Zdrahala ...

Literatura: Protein-protein interactions, Golemis & Adams, CSHL Press, 2005



H D

| oD’ — D,0 |
—CHCNCH— = —CHCNCH- >~ —CHCNCH-
| Slow |l Fast .
R 0O R R O R R 0o R

Hydrogen/Deuterium
Exchange (HDX)

(P. Muller, MOU)

Trcka et al, JBC, 2014

3

l Quench (pH 2.5, 0°C), l
pepsin digestion

Average deuteration [%]
¢ & 8

D o-mwm
0 50 100 150 200 250 300
AA residue
MS analysis TPR TPR TPR TPR TPR TPR

Tomm34

Tomm34+Hsp90




Protein painting

a
Native complex Native complex
unpainted painted
SEINg Molecular ,>/
Hot spot paint | ¢ (
Polypeptide i’v")é
chain
IL1
receptor |
b Trypsin @ @

@

Cleavage

of
unpainted
regions

(== = | = | |

Intensity

Dissociation of

Denatured:

peliten reduced/alkyla

complex

MS sequence
of peptides

mi/z

Luchini et al, Nat Comun, 2014



Protein painting

Native complex Native complex Dlssogiatlon of Denatured:
{ ) painted

unpainted painted reduced/alkyla
complex

O-ring
Hot spot

Molecular
paint

Polypeptide
chain

IL1

Cl
DA
Cl

Luchini et al, Nat Comun, 2014



Pro kvalitni interpretaci dat je

a b . , .
-'.‘:'.'O:.‘ o tfreba znat 3D strukturu proteind
L™ ‘ @
Lo %
Poo 0 v
cSntae s, prednaska doc. Marka pristé .
L Py '.
KPR * F"lw
Step1 (5 minutes): J Step 2 (1 minute):
paints saturate solvent 3 unbound paint
accessible surfaces 58 washed off by gel
of native proteins #}. filtration
0g®
c d
%5e6®  eseseee®
L L]
sene0e ) S
Step 3. protein Step 4: proteins : _ :
complex denatured are linearized by reduction RN L » \Lys16
and dissociated and alkylation R ) 3 4
e f }I
v— D= Em— [am—— g
fL{ 1l ;
m/z
Step 5: linearized Step 6: tryptic fragments
proteins are trypsin are identified by LC-MS/MS
digested

Luchini et al, Nat Comun, 2014



Mapovani interakci

string

surface

(A) SURFACE-STRING

zmapovana vazba sroubovice

mutace neukazi, které AMK jsou v
kontaktu s AMK v kapse (jediné v
Krystalu ...)

o
o

Relative Absorbance %

-m12345578910|1121.!1415!5|T1B|9®
T < o
g~%§55ﬁ5§$§<$$§$g$$§g
Oem oo O (=] BOOw—v—g_s—t—*"‘m
a ri—NNgNNNNNNNNNNNNNQ

gxrzo I >DJO—£P}H~§HWO
E mutant peptides -

ko-evoluce muze napovédét ...

Jak zjistit, jak je Sroubovice orientovana?

Guerineau et al, PLoS One, 2012



Crosslinking

A.
ester SO;Na
PROTE'NI‘NHZ - H

O

)

0
NaOsS_ 4

A
O ‘

Reactive group 1 Reactive group 2

PROTEIN PROTEIN ‘
Spacer arm -

O
rworey) A
. /\LN PROTEIN | , _on
I NaO:$
O

0 {
w \N—()JX)/\:\{LO—N l
I B TP VAN

- estery reaguji s Lys (e-amin) a amino-koncem
- homofunkéni spoji proteiny dohromady v
jednom kroku (velmi komplexni vzorky pro MS)
- intra- (struktura) nebo intermolekularni (PPI)

Intramolecular Intermolecular
Cross-Linking Cross-Linking
Protein @ Frotein 1
< Protein 2
Cross-Linking
: Reaction
Mensity ntensity
\ - XL G box
j, \\)\'j}{x} n:ALﬂ TOFMS m g MALDI-TOFMS tf .
<
o
& -
—— ¥ ¥ -

cross-linked complex

Size-Exclusion -
== Chra I'“""" =

N Enzymatc
S N (S

A £ e N
LY SRy
MALDI-TOFMS,
Sinz, MS Reviews, 2006 - LC/ESI-MSMS

Paramelle et al, Proteomics, 2013



Metody analyzy protein-proteinovych interakci

- proximity-based
FRET

Literatura: Protein-protein interactions, Golemis & Adams, CSHL Press, 2005



FRET (Forster/fluorescence resonance energy transfer)

Hybridni! W v
o 1
Excitation “ Relaxation (ps)
458nm : --------- ‘!‘
- = ‘1 Sl
~ = Y
= = = = Q
— O c
il P L s] 2| & : 8
P e 8l | imereo}
o ) : = o}
Protein _é’ § : é
A \\ )2/\0 Emission ™ . “
\\\,9 ey 525-575nm | & Sy
\ O‘ﬂ@- ’ ‘# N A |
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U 0 i - 5
/ |
B
Donor Acceptor

- fluorescence prvniho (CFP) proteinu o vhodné vinové délce
excituje druhy protein - (pokud je dostate¢né blizko) - druhy
protein emituje (YFP, fluorescence) zareni detekované v
mikroskopu



