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Informacni zdroje

Golemis a Adams: Protein-protein interactions ...
... Z praxe, nejnovejsSi metody z odborné literatury ...

A MODLIICUEAR CLONING MANUAL

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

Erica A. Gobernis and Peter D. Adams {"‘_._;E

Database protein-proteinovych interakci: http://string-db.org/newstring cqi ...
http://www.ebi.ac.uk/intact/?conversationContext=1
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Metody analyzy proteinovych komplexu 2
<

- ultracentrifugace, gelova filtrace, S
- TAP-tag (a jiné tagy) purifikace a MS analyza ,::
- ko-imunoprecipitace, pull-down, ko-purifikace ... %
- cross-linking MS, (cryo) elektronova mikroskopie ... '%
X

=o

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 povrchi
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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Calmod lin Beads ~

M Second affinity purification

Native eluﬁonlEGTA ‘
B

ko-

imunoprecipitaci

|ze vyuzit i pro
analyzu protein-
proteinovych
interakci —
umele vnesené
konstrukty (napf.
transfekce
plasmidu do
bunék) riziko
neprimych
interakci



Ko-purifikace

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

Dr. R. Dopitova)
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Nse4 protein se samostatne 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
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Pull-down (variace) Silné interakce - oba proteiny

Podobny princip jako pfi ko-purifikaci V INT (nM-pM)
in vitro TNT (Transcription 25 GST Fusion B. W
- o in E.coli
and Translation) systém e Mycg + i
methionin S3% (2 partnefi) i | CC | U B
V)’IhOdy y B{Ed{ﬁ.’:ﬁ;hj{:%ptli{rﬁ on Nse4 _
utathione Particles SMCE S S
- neni tfeba proteiny purifikovat f 2 B

- neni treba protilatky k detekci ¢ amione Slabé interakce
- neni toxicky efekt pro buriky particle @_-( (uM) bait v piebytku
- lepe rozpustné ... ix and Allow H Preby
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Palecek etal, JBC, 2006 pAGE => \Western (anti-GST)




MAGE-B18 Binds

Charakterizace v - LNX1 MAGE-B18
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S— 5 Charakterizace

g0 interakci

— detailni mapovani
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Podobné jako pfi ELISA
Peptldove mapovanl jamky jsou potaZené streptavidinem

string peptidy se pres biotin ukotvi

surface

Peroxidase (HRP)
 Substrate labelled anti-species
anhbody

helix 1

(A) SURFACE-STRING (B) HELIX-HELIX (C) SURFACE-SL H
Epitupe
BENFRELDLOWEMVEFSREQERA @MW Readout as
luminescence
Length of protein segment: Length of epitope: or colour
24 rasidues 8 residuas
GHFKELLW immobilized Antlbody
MEMIICsEmM Y biotinylated —> recogmsmg

R e R

peptide peptide

Example 1 LW E I |V & 3 A

Length: 8 mer U ]y ‘b m
Offset: 3 SREERAREM m '
Mo, Peplides: 5
<— Streptavidin
. ,
Lze r.nap.ovat epltop pro. prOt.IIatky (Va,Zbu) Figure 1: An ELISA using biotinylated
Peptidy jsou na N-konci biotinylované peptides and coated plates



. . . Podobné jako pfi ELISA
Charakterlzace |nterakC| — P¢€ jamky jsou potazené streptavidinem

string peptidy se pres biotin ukotvi

surface

Peroxidase (HRP)
 Substzta labelled anti-species

antibody ‘j

helix 2 helix 1

Readout as
luminescence
or colour

Antibody

recognising
peptide

~ Immobilized
biotinylated —»
peptide

Figure 1: An ELISA using biotinylated
peptides and coated plates




Peptidové mapovani
. Table 3. S. pombe Nse4 synthetic peptides list
Nse4 peptidy

string

surface

peptide sequence
peptide 4] | DAPTEATLDALLLTKTVDLASIKAR
peptide 2 |--—r---- EATLDALLLTKTVDLASIKARQLHI
P A DALLLTKTVDLASIKARQLHIGRPK
T — LTKTVDLASIKARQLHIGRPKFNIE
S — VDLASIKARQLEIGRPKFNIELETK
T 1 T JIK AR QLHIGRPKFNELFTRNIKQ |
(A) USSR ) Y. RQLHIGRPKFNTELFTKNIKQFLNY |
peptide %8
================= s I reneeeeeeemmeen- KENIELFTKNIKQFLNYPTSHSNVT
A. 3 e .. ELFTKNIKQFLNYPTSHSNVTRIQE
16 . KNIKQFLNYPTSHSNVTRIQEIDTA
t+— e QFLNYPTSHSNVTRIQEIDTAWSRL
] T ¢ /4/,/,2%// Nse3/MAGE-binding domain
el T _peptide #7
0.4 E 1H- T R ————
02 —XE
o mm b Nk s e W
12 3 4 506 7 819 1011121314 1516 17 1818 S W N - B N B LS M e s
B_ PR (T 7 I — sl LHIGRPKFNIELFTKNIKQ
MM FHMIELF TEMIKQOSRENS
#8 8a78-100- IGRPKFNIELFTKNIKQFLN

Analyza Nse3-Nse4 interakce
Délka: 25 AMK
Posuv: 5 AMK
Knihovna: 18 peptidu Guerineau et al, PLoS One, 2012




Relative Absorbance %
(8]
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Charakterizace interakci —

salanin scan*

EID2 peptidy (paralog Nse4)

WT peptide
Délka: 25 AMK peptide #1
Posuv: mutace po 1 AMK peptide #2
Knihovna: 20 peptidu peptide #3
peptide #4
peptide #5

peptide #6
peptide #7

peptide #38
peptide #9

peptide #10
peptide #11

peptide #12

peptide #13
peptide #14

g é( 5 5 ﬁ < peptide #16

- NN g‘ peptide #17

FaSE®
— peptide #18

CL

mutant peptides

WT peptide

peptide #19

QRNPHRVDLDILTFTIALTAS
ARNPHRVDLDILTFTIALTAS
QANPHRVDLDILTFTIALTAS
QRAPHRVDLDILTFTIALTAS
ORNAHRVDLDILTFTIALTAS
ORNPARVDLDILTFTIALTAS
OQRNPHAVDLDILTFTIALTAS
QRNPHRADLDILTFTIALTAS
QRNPHRVALDILTFTIALTAS
QRNPHRVDADILTFTIALTAS
ORNPHRVDLAILTFTIALTAS
ORNPHRVDLDALTFTIALTAS
QORNPHRVDLDIATFTIALTAS
ORNPHRVDLDILAFTIALTAS
QRNPHRVDLDILTATIALTAS
ORNPHRVDLDILTFAIALTAS
QRNPHRVDLDILTFTAALTAS
ORNPHRVDLDILTFTIAATAS
QORNPHRVDLDILTFTIALAAS
QRNPHRVDLDILTFTIALTAA

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)

o 1 T P45 B T 8 s wus s e ow e Jak je Sroubovice orientovana?

DL << < <8 op < -
25 éSZ 85 § § 3 § Q< éé ScqF §5 ~a Mohou mutace vylepsSit interakcnich schopnosti?
CrrrANANANANNSRNNNT g @

ch:za:c§>n_:o‘££n—u.r—§=n—wg Viz dale

E mutant peptides 4 Guerineau et al, PLoS One, 2012



Mapovani interakci - crosslinking

- maleimidy reaguiji se sulfhydrylovou skupinou Cys (kovalentni
- ve vétsiné proteinu je malo cysteinl — Ize vyuzit pro cileny crosslink

Q Sulfhydryl
molecule Thioether bond

o)
Maleimide N KPH G575 Q
compound R- r-N s
0

- cilené mutace na Cys BMOE, bis(maleimido)ethane.
- na SDS-PAGE Ize detekovat XL <« 80A
O QO o0 O O
> § 2 § o intenzita koreluje O "
= < » se vzdalenosti
e - crosslink
protein 1 - o

S proteinem 2

Reactive group 1 Reactive group 2

—— e S Sl — —— 4 ‘
protein 1 PROTEIN PROTEIN ‘
Spacer arm I |

vice o crosslink jesté dale v MS metodach



Metody analyzy protein-proteinovych interakci

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

- ko-krystalizace, NMR analyza ...
- genetické metody (synteticka letalita, suprese)
- databaze (interactom a komplexy ...)

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



Galactose

Galactose =—= Gall-P —= -:@ Glui-P ?4—" Glucose-6-F
i Gald alt Gal
O || Qg\ ha Other
| \ Translation processes
~JmRNA  mRNA

'f?' Cytoplasm

[ mBANA
RMA-processing
+ export factors

RMA pol Il holoenzyme

Genearal TAFs

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

Galactose-inducing conditions
—- ==~ —» §Galgl) Gal3

o h‘%/%
Proteolysis -~ 4”'>
\@ O%"
¢
Gal4 /
Q Pollland GTFs ) .

Dvou-hybridni
systémy
(kvasinkoveé)

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

Na spinani/regulaci

metabolismu galaktosy

se podili transkripCni

faktor Galdp — vaze

specifické sekvence v

UAS genu (Gal enzymu)

a aktivuje jejich

tranSkripCi Uetz and Finley, 2005
Traven et al.: EMBO Report, 2006



65 94

1 148 196 768 881
106
GAL4 u:'

DA TR DIMERIZATION TRANSCRIPTIONAL
BINDING S (DNA-INDEPENDENT) ACTIVATION
(a) ] -

Promoter Reporter gene — 1T

Transkrip¢ni
DNA lodio™Ple

- DNA-vazebna domeéna (DB) bez
aktivacni domény (AD)
neni schopna aktivace transkripce
Je mozné propojit domeény jakymkoli
linkerem a transkripci reaktivovat

transkripce

® (D
e
© D

tranYgofce

lacZ

transkripce

Luban & Goff, CO Biotech, 1995




65 94

R AL . d Galdp

DNA ot DIMERIZATION TRANSCRIPTIONAL
BINDING W55 (DNA-INDEPENDENT) ACTIVATION
Hindlll 2pori Systém vhodny i

Hindlll s

lindl pro pull-down

fl
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o ¥ o Myc Tag

pGADT7 AD
7987 bp
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pGBKT7 T7& ADHI
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Hindlll  Ampr
(1606)

pUC
ori

Reporter gene




plasmid
' (LEU2) Transformace plasmidu do kvasinek

plasmid

Bait
-mtein
( TRP1 ) . transcription

DNA-BD
_| GAL UAS minimal promoter Reporter gene

Library
protein

Galactose-inducing conditions
e Y > ..GaIBO Gal3
el I, s

Proteolysis .~ = ;@@
AH109 MATa, trp1-901, leu2-3, 112, ura3-52, his3-200, _ (’C‘/@o
KvaS|nkovy galdA, gal80A|LYS2 : : GAL145-GAL 114714-HIS3, Gald 3 Mediator . @ /

uas GAL2ra14-ADEZ, \ Ly / »
kmen URA3 : - MEL 1,3 MEL1 1474-1acZ 4, Pollland GTFs |
UASGaL TATA
- Testuje se
GAL2 UAS GAL2 TATA ADE2 schopnost rustu

kvasinek na médiu

meuas | werarn [ 0oz histidinu (nebo

adeninu — Cervena/bila)

MEL1 UAS MELI TATA MEL1 - Ize pouzit i pro
hledani proteinovych
MaV203 kmen navic obsahuje URAS3 reporter gen — Ize interakénich partneru

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



Reportérove 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

Nse3 kontal_g m|$ke; (Lou Jip, His. +
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“alanin scan” konservovanych AMK ukazal hydrofobni kapsu
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A.n. YHWFIIAV - R
N.f. GIRSIRSENISNE P- ER
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A.C. CIRYSISENSIT P- ER
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S.C. VISVILeIVFE L=
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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 systém (Y2H)

Yeast growth selections
a
Control Forward Feversa
. OO P O | .
= s je vhodngjsi
b pozitivni selekce
Drug —._ Interaction disrupted (ScreenOvat na
N\ @ '
, @ rostouci
? Yo kvasinky)
- O OO &8
& - _
I X vy - Gal4 \
y N AD y
( RNA Pol Il
g;lg\\ : | GTranscription ——» Lethality
Gall UAS TATA

URA3/CYH2/GAL1
- pfi pouziti URAS3 reportéru lze 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

-LELS
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|
l represor

Telk

L [ mm——> o
= : . of Split-Hybeld
Tetracycline opesalor [T Yeast Sirain
Fig, B
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Disruption

=LEL

Fig. 2
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—] Telil

bez represoru ———> + Growth af
— e i I —

~His-LEL-IRF

Split-hybrid system

VP16 CREB Lac Z
| [KiD| e e
- -—

PCR mutagenesis

}

Mutated library

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

¥

~5,000 Growth(+)

¥

536 X-gal(+)

183 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-Gen5(F221A)
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transkripce
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GAL1 UAS minimalni Reporter gen —
GenS(F221A)
» >< —Ade N
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GDBD H3  Gen5(wt) HA Gen5 (F221A)

H4

- Nékteré protein-proteinové interakce jsou zavislé na post-translacnich modifikacich
- v bunce jsou pritomny napr. acetylasy i deacetylasy, ale nemusi dochazet k
acetylaci hybridniho proteinu — feSenim je ,pfipojeni” prislusného enzymu k hybridu
- konstitutivni modifikace a enzym ve stechiometrickem poméru k substratu (nejsou

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



n Mat a bunky

8x12 jamek
(96 na misku)
VSechny ORF

Mat o bUﬁky : YLR424W

Rnala

Kvasinkovy, lidsky ...
JNTERACTOM®
High-throughput — testovany
knihovny 6000x6000 proteinu
(kombinace pomoci parovani
misto transformace) S VPRO4SC <
Uetz et al, Nature, 2000
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Analyza vazby protein-RNA (Y3H)

D MS2 RNA  RNA X

MS2-MS2

lacZ

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 RNA Protein 2

1 TAR-MS2

- —

2 RAT-MS2

3 PR 2SM-RAT

4 ST NNEYY TAR-MS2

SenGupta et al, PNAS, 1996

: TAR-MS2



Vazba ligand-receptor (Y3H)

glucocorticoid receptor - FKBP12

Hook Bait Fish

Receptor for z b
Ligand A

Transactivation domain

Receptor for

Ligand B
DNA-binding
domain

Reporter Gene

Operator
Fruitful Ligand-Protein Interactions
s
Reporter Gene

Operator

Licitra & Liu, PNAS, 1996

dexamethasone MeQ.

4 FK506

Tri fuzni (hybridni)
makromolekuly

(2x protein a 1x
nizkomolekularni ligand)




Metody analyzy protein-proteinovych interakci

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

- ko-krystalizace, NMR analyza ...
- genetické metody (synteticka letalita, suprese)
- databaze (interactom a komplexy ...)

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



CytoTrap 2-hybridni system

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




alternativni Ras hybridni systemy

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

- 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 teplote)

(B) — sav¢i konstitutivné aktivni Ras protein (bez signalni sekvence) je flizovan s
proteinem, ktery interaguje s partnerem ukotvenym v membrané (spusti se Ras
draha a cdc25-2 kvasinky rostou i na vysSi teploté)

A B

i

....................................................................

Ras @@= ™ Ras

Y A Ras ) —— Growth
1 GDp GTP \ X

|
-—————
()
ﬁ
0

Growth

Membrane localization

cdc25-2 cdc25-2

Stynen et al, Microbiol Mol Biol Rev, 2012



w
-
3,
Q)
S,
®
=
7
(O
¢ Q)
<
I
O
)
-
S

Gene library

e

Yeast expression host

selekce na
kulickach

+ Ag-labeled
magnetic beads

Surface displayed library

Expand
sorted cells Broteln

+ Fluorescent of interest
antigen -

Expand
sorted cells

A —

Sort by FACS

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

- analyzovany protein je umistén na povrchu buriky (kvasinkové, bakterialni/fag) —
Cim vySsi afinita tim vétsi pravdépodobnost ,zachyceni“ — Ize vyselektovat nejlepsi

vazebné sekvence (pfi pouziti ,knihovny®) Boder et al, Arch Bioch Biphys (2012)
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A) Error-prone PCR

Gene
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PCR with —
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conditions -

AV AV

‘ Initial or wild-type activity

LEHLVD ¢

X

New mutation

Improved fitness

B) Site-directed mutagenesis C) De novo gene synthesis
Gene Overlapping
template ‘ primers
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o - — Ap— —
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primers PCR

E‘, assembly ————=NNN NNN

NNN
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FDHLVD LDKLLD

No fitness increase

. Loss of function

takto Ize modifikovat
interakCni schopnosti
proteinl a nalézt motivy
s vySSi afinitou ...

Currin et al, CSR, 2015



Influenza HA

Inhibice PPI - proteiny

Hemaglutinin botulin(toxin)

Virtual scaffold library
HEEH EEHE EHEE

@sﬂﬂflﬂﬂﬂ@

5 topologii J,(dle znamych |nh|b|toru)

Negatlve controls
Affinity ' Scrambles +Disulfides Designs D

High (10 nM) -

Medium (100 nM)
Low (1,000 nM)

All designs -
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NGS

FACSorting

Deep sequencing Screen for function

HA

BoNT

a Lk,

Design ID

Binding enrichment

t

Transform into yeast

t

i | Expression

Yeast adaptor
|

Yeast adaptor

4 Amplify oligo pools

Genetically encode 16,968 mini-proteins

kvasinkovy surface display

Chevalier et al, Nature, 2017

40 AMK dlouhé (cca 200nt oligo) —
|ze syntetizovat peptidy

(peptidy modifikovat)

esigns +1-3 disulfides

Total
sequences



Metody analyzy protein-proteinovych interakci

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

- ko-krystalizace, NMR analyza ...
- genetické metody (synteticka letalita, suprese)
- databaze (interactom a komplexy ...)

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



Protein-fragment complementation

¥4 <

Ubiquitin

Dihydrofolate
Reductase(DHFR)

NN

GFP

Shekhat & Ghosh, CO in ChB, 2011

B—Lactamase

Firefly Luciferase

o0
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

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

AHP3:YFP-N

4+

CKI1:YFP-C

AHP4:YFP-N

=

CKH:YFP-C

3 4

Pekarova et al, Plant J., 2011
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Prehled kvasinkovych PPl biotechnolog
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Bruckner et al, IJMS, 2009



Metody analyzy protein-proteinovych interakci

- MS-based:

- H-exchange ...

- protein painting
- crosslinking Prednaska doc. Zdrahala ...

letalita, suprese)
- databaze (interactom a komplexy ...)

Literatura: Protein-protein interactions, Golemis & Adams, CSHL Press, 2005
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Trcka et al, JBC, 2014
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Protein painting

a
Native complex Native complex
unpainted painted
S Molecular .-
Hot spot paint | {
Polypeptide - ;
chain
IL1
receptor |
b Trypsin @ @ .
- I
| Cleavage
@ (4 of [I
i unpainted []
regions
i |
-

complex

Dissociation of

Denatured:

pakied reduced/alkyla

MS sequence
of peptides

Intensity

miz

Luchini et al, Nat Comun, 2014



Protein painting

Native complex Native complex Dlssoglatton of Denatured:
. . painted

unpainted painted reduced/alkyla
complex

O-ring
Hot spot

Molecular
paint

Polypeptide

L

Luchini et al, Nat Comun, 2014



b Pro kvalitni interpretaci dat je
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accessible surfaces 53 washed off by gel
of native proteins W. filtration

X
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Step 3: protein Step 4: proteins o
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Step 5: linearized Step 6: tryptic fragments
proteins are trypsin are identified by LC-MS/MS
digested

Luchini et al, Nat Comun, 2014



Crosslinking
A.

ester

- estery reaguji s Lys (e-amin) a amino-koncem
- homofunkZni spoji proteiny dohromady v
jednom kroku (velmi komplexni vzorky pro MS)

0 SOsNa - intra- (struktura) nebo intermolekularni (PPI)
O H
P ROTEINI NH; - )L N > T Intramolecular Intermolecular
R 0~ Cross-Linking Cross-Linking
Protein @@ Frotein 1
O D Protein 2
O Cross-Linking
0 J PR Reaction —
R)LN PROTE[N I N /‘Q\I {)H LJ“ \\/:l’:}\zfm:uol TOFMS _m g MALDI-TOFMS I\IL':w:lczmiu
u NaO3$ ) : <
O gé’
Cut out band of q?.’ é, o ] Cuu.;l:-:l(o)olm
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0 0 r e Clus -
NaOss. 4 ) 3 Brometoorcid -+
1 N\ J\J : /\‘ ~ Cross-Linker - ¢ Cross-Linker - ¢
N—O 3 B O—N : o : i
~ D DD p f{ . ©1 v SR v 1
0O 0’ 3N ——

Reactive group 1 Reactive group 2

PROTEIN PROTEIN ‘
Spacer arm

o /ﬁ\ \Q /\ O N
s S | N\ e
MALDI-TOFMS,

LC/ESI-MS/MS

Sinz, MS Reviews, 2006
Paramelle et al, Proteomics, 2013



Metody analyzy protein-proteinovych interakci

- proximity-based
- FRET
- PLA

letalita, suprese)
- databaze (interactom a komplexy ...)

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



FRET (Forster/fluorescence resonance energy transfer)

Hybridni!
Excitation
458
nm i‘l S
H ‘| 1
A |
S
' CEP -' 3
a— \ » Energy transfer 2
A "W80—525nm 5
. =
Protein =
A \\ 2 ﬂmission ‘\
\\-’9 525-575nm O So
@ .k -
| Ml
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



Table 2. Overview of different validation methods.

Method Type Description
Tagged bait (mostly expressed in E.coli) 1s immobilized on a resin and subsequently
Pull-down assay 0 vitr “pulls down” target protemn (prey) from lysates (of eukaryotic cells or of E.coli
[89-91] s expressing proteins of interest). After washing steps, prey 1s detected by SDS-
PAGE/immunoblot or MS.
Coimmunoprecipitation P A specific antibody 1s used to precipitate the bait from cell lysates (see above). After
[80,89.90,92] washing steps, coommunoprecipitated prey is detected as above.
Bait immobilized on the surface of a sensor chip 1s probed by injection of prey onto
Surface plasmon resonance PR the surface. Protein interaction is detected online via a biophysical principle (using
(Biacore) [93] the change in refractive index at the sensor surface in case of protein interaction).
Protein 1s eluted and analyzed by MS.
Hybridization of a labelled complementary DNA or RNA strand (1.e. probe) to a
In situ hybridization e specific DNA or RNA sequence 1n a tissue section. Visualizes expression of specific
in situ : 2 2 2 "
[90] genes to evaluate potential coexpression of proteins of interest in the same cell of a
given tissue.
Proteins 1n fixed cells or tissue sections are detected by immune-labelling with
Immunohistochemistry, immuno- | . " fluorescently tagged antibodies, e g. using confocal microscopy. Visualizes
cytochemistry [80,89,90] st coexpression of proteins of interest in the same cell and potential subcellular
Frboeimaton
L Proteins in living cells are detected with fluorescently tagged antibodies as above
Fluorescent detection in live cells | . . . 53 X :
[91] invivo | (using permeabilized cells) or after expression of fluorescently tagged protein
variants. Visualizes colocalization of proteins of interest.
Bait and prey are fused to two different fluorescent tags with overlapping
enussion/excitation spectra. If both proteins are in close proximity, excitation of the
Fluorescence resonance energy . ;
invivo | first fluorophore (donor) leads to energy transfer to the second fluorophore
transfer (FRET) [80] G : —
(acceptor). Acceptor fluorescence can be observed in vitro (fluorimeter) or in living
cells (confocal microscopy).
o DR Similar to FRET (see above), but with bait fused to bioluminescent luciferase, thus
invivo | avoiding the external excitation step susceptible to generate background. Detection

energy transfer (BRET) [92]

as with FRET.

Bruckner et al, [UMS, 2009




test

1. Alanine scan spogciva v:
— A. postupném nahrazovani (mutagenesi) AMK alaninem?
— B. postupném nahrazovani (mutagenesi) alaninu bazickymi AMK ?
— C. hledani alaninu v sekvencich interakénich partner?
— D. specifickém ,scanning” proteomickych dat?

2. Klasicky kvasinkovy dvou-hybridni systém vyuziva principu:
— A reaktivace fluorescence GFP proteinu?
— B. reaktivace transkripcniho faktoru (vétSinou Gal4)?
— C. reaktivace enzymu DHFR?
— D. reaktivace signalni drahy Ras?

3. P¥i cileném ,,crosslink“ proteinii pomoci BMOE:
— A se kovalentné spoji SH skupiny cysteinu a vznikne disulfidicky mastek?
— B. se kovalentné spoji SH skupiny cysteinu s crosslinkerem?
— C. se kovalentné spoji NH2 skupiny lysinG s crosslinkerem?
— D. se nekovalentné spoji opacné nabité AMK?

4. Metoda FRET vyuziva principu:
— A reaktivace transkripcniho faktoru Gal4?
— B. reaktivace fluorescence GFP (komplementaci jeho fragment()?

—  C. pfiblizeni fluoroforu (napf. CFP), ktery emituje svétlo o vinové délce odpovidajici absorpcnimu spektru
druhého fluoroforu (nap¥. YFP)?

— D. fluorescencni resonance etanu?

testy pfedat pfisté pfednasejicimu nebo poslat na mij E-mail: jpalecek@sci.muni.cz




