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- Matrix/beads-based: pull-down (in vitro), colP ...
- Hybrid-based: Y2H (yeast 2-hybrid), BiFC ...

- Proximity-based: PLA, BiolD ...

- MS-based: crosslink, D/H-exchange ...

- Quantitative methods: SPR, ITC ...

- Structural methods: co-crystalization, NMR ...

- Genetic methods: synthetic lethality ...

- Bioinformatics methods: databases, docking ...



Protein-protein interaction analysis

- Matrix/beads-based:
- pull-down assay
- co-purification — gel filtration
- co-immunoprecipitation
Analysis of protein domains

Analysis of interaction surfaces
Peptide libraries

- Hybrid-based: Y2H (yeast 2-hybrid), BiFC ...

- Proximity-based: PLA, BiolD ...

- MS-based: crosslink, D/H-exchange ...

- Quantitative methods: SPR, ITC ...

- Structural methods: co-crystalization, NMR ...
- Genetic methods: synthetic lethality ...

- Bioinformatics methods: databases, docking ...



Pull-down

1. tagged (e.g. GST)
protein (bait) is

&D — @m bound to (glutathione)
: beads/particles (GP)
Glutathione -~ 2. Partner protein

Particle —|_GST |8
© =( (prey) is added

Mix and Allow

Interaction to Occur - |f the balt and prey
@ (o iInteract then prey will

be pulled down
Figure 1. Schemati of pulldown Wash and Elute Complex (together with bait
strong = nM-pM range L) protein) on the beads
weak = mM-uM range ' . strong
Gel Electrophoresis Followed : Smch
Palecek et al, JBC, 2006 by Western Blotting * Nse4-SMC5 Nsed
interactior GST-@ + i

strong interaction — both proteins can be at equal
concentrations (expressed/purified from bacteria or | U B

expressed/labelled in TnT in vitro expression system) g‘ﬁ.ﬁ% --!.,_,

weak interaction — bait overexpressed vs prey from TnT T 5 9



Bait expressed

Pull-down

TNT®-based Cell-Free Expression - E_IS; izij""
of Prey Protein " |
I B4t Common tags for
ot iz | conuysi pull-down assay:

AT

Plasmid Containing
Frotein Coding Sequence
For Prey Protein

Figure 1. Schematic of pull-down
assay using bacterial expression of
bait protein and cell-free expression
for the prey protein,

Palecek et al, JBC, 2006

- GST-Nse3 expressed in bacteria — (pre)purified ez |

Sequence ‘ ‘ @Prey

Bind/Wash/Capture on
Glutathione Particles

Glutathione &
Particle @_

Mix and Allow
Interaction to Occur

© =’
+ tags recognized by antibodies

\ (see co-immunoprecipitation)

Wash and Elute Complex
Weak Nse3-SMC6 interaction

©

GST (glutathione)
Streptactin (biotin-
streptavidin)

MBP (maltose)
S-tag (protein S)

Smcb Smcb
Gel Electrophoresis Fol d
e Ggﬁi GST +l

U B | U B

" CONTROL

on glutathione particles — detected with anti-GST gmee o,
- Smc6 expressed in TnT (radiolabeled) — radiogram 1
detection (neither tag nor antibody needed)

- control nonspecific binding of prey (Smc6 does not bind to GST-bound beads)
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co-purification
Strong interactions (protein complexes) can be recognized

during the purification of the proteins (similar approach to pull-
down assay) — proteins can be co-purified through different tags

and using gel filtration
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Zabrady et al, NAR, 2016 Nse1-Nse3-Nse4 co-purify (interact strongly)



co-purification
Strong interactions (protein complexes) can be recognized
during the purification of the proteins (similar approach to pull-
down assay) — proteins can be co-purified through different tags

and using gel filtration
Gel filtration
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Interaction strength/stability can be compared by gel filtration (NSE3-L264F
mutation affects the structure and interaction of NSE3 with NSE1 —
resulting in broader elution peak in gel filtration) Van Crabben et al. JCI. 2016



Co-immunoprecipitation

Similar to pull-down assay, beads/matrix/particles are used to
precipitate bait protein with its bound partners

cell extract Protein Ta
Protem A- antlbody &
Common tags for co-
Immunoprecipitation assay:

GFP, FLAG, myc, HA, T7, PK

These tags are recognized by
q o '“”’ - specific antibodies
TEV proteaseevage (commercially available)

Calmod lin Beads

e
M syt 1AP-tAQ (can be used as well):
\ , Tandem-affinity purification® =

Natve euton EGTA ® Immunoglobulin tag +
calmodulin tag

\
-~
”‘ (usually used to purify complexes)

"




Co-immunoprecipitation
Similar to pull-down assay, beads/matrix/particles are used to
precipitate bait protein with its partners bound

However, whole cell extracts are used (instead of purified
proteins)

~ co-IP via Common tags for co-
FLAG Immunoprecipitation assay:
A1 A1 GFP, FLAG, myc, HA ...
- -
| U B UGB These tags are recognized
FLAG-MAGEA1 o by specific antibodies

(commercially available)
NSE4 | e e

Hudson et al, PLoS One, 2011

precipitated proteins may be associated indirectly (NSE1 is bound
via NSE4 linker protein to MAGEA1) with the bait fusion protein (pull-
down with pre-purified proteins is more reliable)



Protein-protein interaction analysis

- Matrix/beads-based:
- pull-down assay
- co-purification — gel filtration
- co-immunoprecipitation
Analysis of protein domains

Analysis of interaction surfaces
Peptide libraries

- Hybrid-based: Y2H (yeast 2-hybrid), BiFC ...

- Proximity-based: FRET, PLA ...

- MS-based: crosslink, D/H-exchange ...

- Quantitative methods: SPR, ITC ...

- Structural methods: co-crystalization, NMR ...
- Genetic methods: synthetic lethality ...

- Bioinformatics methods: databases, docking ...



Characterization of binding domain

Proteins interact via their domains (motifs) — analyze domain
composition of your protein — prepare fragments of your protein
defined by domain boundaries — test them in pull-down, co- ...
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Characterization

of binding regions
Proteins interact via their
domains (motifs) —
(sometimes) only
fragments of the domain

can interact (can be
precipitated)

A. Peptide coverage of
the protein

B. Peptide enrichment
after co-
Immunoprecipitation
with the bait protein

(red arrow points to

enriched/bound peptide
in MS spectra)



Epitape
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Length of protein segment: Length of epitope:
24 residues & resikdues
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Example 1

Length: 8 mer (V) (5] (&) e () (A

Offset: 3 5 (A (@) [E)) W@V
Mo. Peptides: 5

ELISA

luminescence
or colour

Immobilized ¢ e
biotinylated —» k blndlng
peptide partner
e,
AL‘—UV‘-“‘-‘ ” w\"w

' 7h Streptavidi!_l

Figure 1: An ELISA using biotinylated
peptides and coated plates

Peptide libraries —
region definition
Proteins interact via their
domains (motifs) —
(sometimes) only
fragments of the domain
can interact (can be
precipitated) - peptide
library can be
synthetized (with
conjugated biotin tag) and
used in pull-down or
ELISA assays (similar to
antigen-epitope mapping)

wells are coated with streptavidin which
anchors biotinylated peptides — binding
partner interacts with peptide — antibody
against the partner with conjugated
enzyme (or 2" antibody-enzyme) is
applied - luminescence or colour detection



Epitape
CHEREDEFEOHEERGERHE®

Length of protein segment: Length of epitope:
24 residues 8 residues
SNFEKELLW

LU WE v
Example 1 LWE Vs a
Length: § mer Tvesaae®
Offset: 3 - ) -
No. Peptides: 5 s aaE A H @ W

ELISA

Peptide libraries —
region definition
Proteins interact via their
domains (motifs) —
(sometimes) only
fragments of the domain
can interact (can be
precipitated) - peptide
library can be
synthetized (with
conjugated biotin tag) and
used in pull-down or
ELISA assays (similar to
antigen-epitope mapping)
wells are coated with streptavidin which
anchors biotinylated peptides — binding
partner interacts with peptide — antibody
against the partner with conjugated
enzyme (or 2" antibody-enzyme) is
applied - luminescence or colour detection



Guerineau, PhD thesis, 2013

e = Peptlde libraries
1:4 1 ELISA i Nse3/MAGE-binding domain
1.2
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08 | 5
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123456789 10111213 14 15 16 17 18 19
peptide sequence
i::ai Tﬁﬁﬁ&%ﬁ?&qm 25 amino acids long (18) peptides library
L — DALLLTKTVDLASIKARQLEIGRPK with 4 amino acids overlap (covering 90
e A e e SRS, .- amino acids region of Nse4 protein) —
e ) VDLASIKARQLHIGRPKFNIELFTK . : . . .
eode 36 | B O QT peptides #6-8 bind with highest affinity,
i L |- RQUHIGRPKFNIELFTKNIK QFLNY suggesting the core of the binding region
A — S— IGRPKENIELFTKNIK QFLNYPTSH
] —— KFNIELFTKNIKQFLNYPTSHSNVT
L. 1T ELFTKNIKQFLNYPTSHSNVTRIQE
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WT peptide
peptide #1
peptide #2
peptide #3
peptide #4
peptide #5
peptide #6
peptide #7
peptide #8
peptide #9
peptide #10
peptide #11
peptide #12
peptide #13
peptide #14
peptide #15
peptide #16
peptide #17
peptide #18
peptide #19

QRNPHRVDLDILTFTIALTAS
ARNPHRVDLDILTFTIALTAS
QANPHRVDLDILTFTIALTAS
QRAPHRVDLDILTFTIALTAS
QRNAHRVDLDILTFTIALTAS
QRNPARVDLDILTFTIALTAS
QRNPHAVDLDILTFTIALTAS
QRNPHRADLDILTFTIALTAS
QRNPHRVALDILTFTIALTAS
QRNPHRVDADILTFTIALTAS
QRNPHRVDLAILTFTIALTAS
QRNPHRVDLDALTFTIALTAS
QRNPHRVDLDIATFTIALTAS
QRNPHRVDLDILAFTIALTAS
QRNPHRVDLDILTATIALTAS
QRNPHRVDLDILTFATIALTAS
QRNPHRVDLDILTFTAALTAS
QRNPHRVDLDILTFTIAATAS
QRNPHRVDLDILTFTIALAAS
QRNPHRVDLDILTFTIALTAA

Guerineau, PLoS One, 2012

Peptide libraries —

surface mapping

Proteins interact via their
domains (motifs) —
amino acids essential for
the interaction can be
identified (via mutational
analysis — e.g. alanine
substitutions = “alanine scan”)
- peptide library or yeast
two-hybrid system (see
below) can be used

21 amino acids long (20) peptides
library with single amino acid alanine
substitution (covering every non-Ala

amino acid)



19

7 217
WT peptide OQRNPHRVDLDILTFTIALTAS

peptide #1 ARNPHRVDLDILTFTIALTAS Peptlde libraries —
peptide #2 OANPHRVDLDILTFTIALTAS alanine scan
peptide #3 ORAPHRVDLDILTFTIALTAS
) ELISA Relative Absorbance %
peptide #4 ORNAHRVDLDILTFTIALTAS L. ., A
o (= o o - | o
: RNPARVDLDILTFTIALT .
pEptide 8 = WT peptide
peptide #6 ORNPHAVDLDILTFTIALTAS Q197A -
peptide #7 ORNPHRADLDILTFTIALTAS m% "'
peptide #8 ORNPHRVALDILTFTIALTAS P200A »
peptide #9 ORNPHRVDADILTFTIALTAS :%8;2 o
peptide #10  QRNPHRVDLAILTFTIALTAS 203A .
peptide #11 QRNPHRVDLDALTFTIALTAS g D204A -
m w
peptide #12  QRNPHRVDLDIATFTIALTAS 5 [L205A
o [D206A =
peptide #13 QRNPHRVDLDILAFTIALTAS .g I207A =
ﬁ- —
peptide #14 ORNPHRVDLDILTATIALTAS ??L '_'Fgggﬁ 5
peptide #15  QRNPHRVDLDILTFAIALTAS I£210A .
peptide #16 QRNPHRVDLDILTFTAALTAS T211A 3
eptide #17  QRNPHRVDLDILTFTIAATAS 1212A =
pep [L214A =
peptide #18  QRNPHRVDLDILTFTIALAAS T215A &
: S217A =
peptide #19  QRNPHRVDLDILTFTIALTAA NO pepiide

Guerineau, PLoS One, 2012



 Peptide libraries —
= surface mapping

(A) SURFACE-STRING ELI S A Relative Absorbance %

h = o)) o o
o o o o o o

WT peptide |
Q197A -
R198A »
N199A .
P200A -
H201A «
R202A -

203A
D204A =

sapidad jueinw
-
3
h=

=
N
2
PLELZL Lol

Helical peptide is sitting in the pocket of
the partner protein — most peptide T211A
residues are in contact (red labeled) 1212A
with the pocket (so, their mutations [L214A
reduced the mutant peptide affinity), T2715A
while the D204 (black labeled) residue S217A

| a7 vort NO peptide
IS €Xposed 10 Solven Guerineau, PLoS One, 2012
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Protein-protein interaction analysis

- matrix/beads-based: pull-down (in vitro), colP ...
- hybrid-based:
- classical systems- domain
- transcription 2-hybrid systems
- reverse systems
- multi-hybrid systems
- alternative (membrane) systems
- complementation systems — fold
- BIiFC, DHFR
- proximity/transfer system - FRET

- proximity-based: PLA, BiolD ...

- MS-based: crosslink, D/H-exchange ...

- Quantitative methods: SPR, ITC ...

- Structural methods: co-crystalization, NMR ...
- Genetic methods: synthetic lethality ...)

- Bioinformatics methods: databases, docking ...



Principal differences in hybrid systems

hybrid protein hybrid protein
A hybrid protein - Fragment 2
X
Domain 1 X Y1
Fragment 1
Bait Prey
Prey
Y1 Domain 2
(\ omain J) . -
hybrid protein \ \

B - . ‘;""" complete
f \ r' domain

\ O
Domain 1 X Y2 < Domain 2 ) ~
7

A. In classical systems, PPI reconnects two separated

domains (normally present in one protein) back to one tight
complex

B. In complementation systems, PPI reconnects fragments of
one domain and reconstitutes its fold

In FRET system, PPl enables energy transfer (see below)
Stynen et al, MMBR, 2012
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Classical yeast two-hybrid system

Classical (first) yeast two-hybrid system is based on
transcription factor Gal4 function — Gal4 binds promotor

regions (sequences) of GAL genes and activates their
transcription

(Galactose
r G

Galactose =—— Gal-P =—— Glui-P =—= Glucosa-6-F

| 11
Ol @2\ @j’ - TS other
I
| \\ Translation processes
| q__\nl"lFi!NA @E:.NA
| [  mRNA

Cytoplasm

RMNA-processing
+ expart factors ‘,"

O N\
.. CoRieaD | (68 =
: @ Gajﬂ]a]? Mucleus
. \rp“\

\*/ Chromatin J/

RMNA pol Il holoenz}rme
Genearal TAFS




Gal4-based two-hybrid system

Gal4 transcription factor binds specific DNA sequence through
its DNA-binding domain (DBD) - Gal4 transcription activation
domain (AD) binds to general TFIl factors/RNA polymerase Il
and activates transcription machinery

65 94

1 0&43 196 768 881
GAL4 %ZH

DNA o DIMERIZATION TRANSCRIPTIONAL
- BINDING £ (ONA-INDEPENDENT) ACTIVATION

RNA Pol Il

Transcription

PPNV NONONE SN 757 7N
Gal1l UAS TATA




Gal4-based 2-hybrid system |a

A. Gal4 (DBD-AD) protein ranskripee

activates reporter gene (lacZ) o D |
B. When DNA-binding domain

(DBD) and activation domain (AD)
are separated, they are not able
to activate transcription machinery
C. When DBD and AD are fused
In frame to interacting proteins (X
and Y), then PPI reconnects DBD-
AD and enables transcription

transkripce

\)Q W) OO AIA

Gal1 UAS TATA




Other transcription factors have been employed in two-hybrid
variants:

Prey activation domains

S. cerevisiae Gal4 AD Gal4 activating region II (aa 768 to 881),
moderate strength (178)
Herpes simplex virus VP16 activating region (aa 413 to 490), high
VP16 AD strength (673)
E. coli B42 AD Bacterial polypeptide, weak strength (234)

Bait DNA-binding domains

S. cerevisiae Gal4 DBD* Binds GALI1, GAL2, and GAL7 upstream
activating sequences (178)

E. coli repressor LexA Binds LexA operator sequences (234)
DBD*

H. sapiens estrogen Binds estrogen receptor elements (374)
receptor DBD

Bacteriophage A Binds cI operator sequences (580)
repressor cl

Tet repressor Binds Tet operator sequences (716)

Stynen et al, MMBR, 2012



Gall UAS

To detect/score transcription activation (i.e. “see” interaction
of partner proteins), different reporter genes are used

BD-Snf1/- BD-Snf1/AD-Snf4  -/AD-Snf4

O e O

Only yeast cells expressing binding partners will turn blue (as
the lacZ reporter will be transcribed/expressed and will
convert transparent X-gal substrate to blue product) — lacZ
enzymatic activity can be measured (thus, the strength of the
PPl can be quantified)



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

Reporter genes

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)

quantitative

~——His3 enzyme
activity can be
titrated by its 3-
aminotriazol
inhibitor

auxotrophy
(selective)

FACSorting

antibiotic
resistance

Stynen et al, Microbiol Mol Biol Rev, 2012



Yeast 2-hybrid strain example

AH109 (and other strains) contains His3 and lacZ reporter
genes (integrated in LYS2 and URA3 genes, respectively) under
different Gal4-binding promotors (GAL1 and MEL1, respectively)

AH109 MATa, trp1-901, leu2-3, 112, ura3-52, his3-200,
galda, gal80A, LYS2 - - GAL Tyas-GAL 174 74-HIS3,
GALZ - GAL 2+474-ADE2,
URA3 : - MEL1yss- MEL1 1a7s-lacZ

adAjouab

GAL1 UAS GAL1 TATA “
GAL2 UAS GAL2 TATA ADE2
MEL1 UAS menTaTa [
MEL1 UAS MEL1 TATA MEL1

Trp1 and LeuZ2 genes must be mutated to enable

(auxotrophy) selection of plasmids (bearing hybrid genes)
- many yeast strains exist; systems adopted to bacterial and mammalian

cells exist as well



Yeast 2-hybrid plasmid example

PpGBKT7 and pGADTY7 plasmids contain Gal4 BD and AD
elements (to make hybrid proteins) as well as selective
markers (Trp1 and LeuZ2 for yeast selection)

2pori

Hindl

Hindll HE

(6544)

HindlII
(1479)

SV40 NLS
GAL4 AD

HA Tag

‘MCS

pGBKT7 T178 aow . Hindlll Amp’

| (1606)

1.3 kb '

pGADT7 AD

7987 bp HindIIl |
(2279) T

< ' ADH1

T7 promoters in front of myc and HA tag, respectively, are suitable for
additional pull-down experiments (see previous slides)



Yeast 2-hybrid
screens

a cells a cells

High-throughput screens can |

be done as — 1. simple study: T vimazew
one bait is screened against
AD-library (e.g. of all human
hybrid proteins) - Or —

2. Interactom study:
collection of all BD-proteins
IS screened against AD-

library (e.g. 6000x6000 yeast YLR423C ¢ YPRO4SC <
proteins = yeast interactom) Uetz et al, Nature, 2000

—NIp100




Reverse systems

Yeast growth selections

Conftrol Forward Feverse

B < &' £ ARG

b
Drug —_ Interaction disrupted

y (AD)
o __.i

. P8 00 |08

trands i Bloteshnaisgy

Vidal & Endoh, T in Biotech, 1999

For detail PPl analysis (e.g. binding surface mapping),
mutation (drug) will disturb interaction - it (loss of interaction)
is detected by the loss of growth of the yeast cells on selective
plate (or inability to turn on the blue colour) — reverse systems
were developed to “visualize” loss of interaction ...



Reverse systems

-~ =~ P
‘ \ - 4
y

X Y dl/ Ga'4 \'| // “\
S Al
( RNA Pol Il |
/ Gala \ / _— .
| DBD | gl Transcription — Lethality
SIS

Gall UAS TATA URA3/CYH2/GAL1

... In reverse systems, PPI results in lethal phenotype —
yeast cells will not grow until PPI is disturbed (by mutation
or drug) — for example, cells expressing URAS3 reporter
gene will grow on plates without uracil, but these cells will
be killed by 5-flouro-orothic acid (Ura3 enzyme converts
FOA to toxic compound); in contrast, when PPl is
disturbed, yeast cells will not express URAS3 reporter gene
(will not grow on plates without uracil), but these cells will
not convert 5-flouro-orothic acid and therefore they will be
able to grow on plates with FOA

Stynen et al, MMBR, 2012



Reverse systems

... New reverse system (also called split system) IS based on
two transcription regulation steps: PPl activates
transcription of repressor which blocks transcription of

reporter gene (only when PPl is disturbed, the His3 reporter gene
is transcribed)

Stynen et al, MMBR, 2012



(multi) three-hybrid systems

First three-hybrid system was developed to study RNA-
binding proteins — DBD-hybrid protein (1) binds one RNA
motif (MS2) within the RNA-hybrid molecule (2), while the
other part of the RNA-hybrid molecule (X) is recognized by

AD-hybrid protein (3) — this RNA-protein complex will switch on
lacZ reporter gene transcription — in this way, you can screen AD-
hybrid library for RNA-X binding proteins

2. hybrid RNA molecule

c) MS2 RNA RNAX

S \

2 Ms2-Ms2 ( Gal j

o i al4

Xe) G AD

= RNA Pol Ii

2 ( N 3. hybrid protein

c / LexA \

- DBD | Transcription

SenGupta et al, PNAS, 1996 Stynen et al, MMBR, 2012



Three-component
2-hybrid system

DBD-hybrid protein binds
one part of bridging protein,
while the other part of the
bridging (non-hybrid) protein
Is bound by AD-hybrid
protein (several bridging
proteins can be used)

bridging protein
| |

1. hybrid

§= :

Q2 Y Gal4
o AD
Qo

( ” 2. hybrid protein

Bednarova, Diploma thesis, 2009
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90 mM 3 - AT
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-His)

20 mM 3 - AT
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-His)

IS mM 3 -AT
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Alternative membrane systems - Ras

Number of proteins can’t be used in transcription-based hybrid
systems (e.g protein can’t be localized to the yeast cell
nucleus) — CytoTrap (Ras recruitment) system is based on
membrane-anchored Ras pathway reactivation — A. RAS
protein is activated only when human hSOS-hybrid, otholog of
yeast cdc25 (guanine exchange factor; cdc25-2 mutant cells are used),
iIs anchored at the cytoplasmic membrane via interaction of
myristylated hybrid-protein partner — B. RAS-hybrid protein is
activated when it binds to myristylated hybrid-protein partner
A B

‘myristyl anchor’
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Stynen et al, Microbiol Mol Biol Rev, 2012



Alternative membrane systems - Aga

Yeast surface display system — Aga2-hybrid protein is
localized at the yeast surface — tagged-partner interaction
anchors it at the yeast surface — anti-tag antibody recognizes
the tagged protein — fluorescence of the antibody (primary or
secondary antibody) is detected and can be used for yeast
strain selection (by FACS)

X —( cMyC
| Aga2 )
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Extracellular fluid

Agal
OO0 000000000000 00CO0O000000000K
Cytoplasm
Stynen et al, MMBR, 2012



Complementation systems

PPl reconnects fragments of one domain and reconstitutes
its fold — original (A) assay based on reconstitution of
ubiquitin (western blot analysis of protein degradation) —

new alternative versions use different detection approaches
— for example (B), in transcription-based approach, reporter gene is
transcribed only when LexA-VP16 transcription factor is released from

membrane localization

A B C
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HA-mDHFR LexA VP16 R-Ura3
——
Johnsson et al, PNAS, 1994 l l l

Stynen et al, MMBR, 2012

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



Complementation systems

PPl reconnects fragments of
ubiquitin molecule — ubiquitin
attracts Dub (de-ubiquitination)
enzyme, which releases LexA-
VP16 transcription factor from
membrane - LexA-VP16
transcription factor goes to the
cell nucleus and activates
transcription of reporter genes

l—b transc rlpthl'l
HlssldADEztI/aczha

reporter genes

Ivanusic et al, BioTech, 2015



Complementation systems

Several systems based on complementation of different

protein folds have been developed
- < Shekhat & Ghosh, CO in ChB, 2011
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Bimolecular fluorescence complementation (BiFC)

AHP3:YFP-N

AHP4:YFP-N
- +
CKIH:YFP-C CKI:YFP-C

. non-
binding binding

Pekarova et al, Plant J., 2011

Bimolecular fluorescence complementation (BiFC) — PPI
reconnects GFP and its fluorescence is detected
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FRET (Forster/fluorescence resonance energy transfer)

- CFP-hybrid protein emits 480-525nm light when excited (by
458nm light) — when CFP-hybrid protein binds partner YFP-
hybrid protein, the 480-525nm emitted light excites YFP which
then emits 525-575nm light (detected in the fluorescence
microscope)

Excitation
Qnm

- 2 \\ Energy transfer
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Protein-protein interaction analysis

- matrix/beads-based: pull-down (in vitro), colP ...
- Hybrid-based: Y2H (yeast 2-hybrid), BiFC ...

- Proximity-based:
- PLA
- BiolD

- MS-based: crosslink, D/H-exchange ...

- Quantitative methods: SPR, ITC ...

- Structural methods: co-crystalization, NMR ...
- Genetic methods: synthetic lethality ...

- Bioinformatics methods: databases, docking ...



Weibrecht et al, ER Prot, 2010

- Specific antibodies conjugated with oligonucleotides, which
are complementary to circular DNA — if the antibodies come
close (<16nm) via PPI of they target proteins then —
polymerase synthesis reaction can run



Protein-protein interaction analysis

- beads-based: pull-down (in vitro), colP ...

- hybridni: Y2H (kvasinkovy 2-hybridni), BiFC ...
- proximity-based: FRET, PLA ...

- MS-based:

- crosslink
- DI/H-exchange ...

- Quantitative methods: SPR, ITC ...

- Structural methods: co-crystalization, NMR ...
- Genetic methods: synthetic lethality ...

- Bioinformatics methods: databases, docking ...
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Protein cross-linking

— g-amine lysine groups react
with cross linking reagent
and form covalent ester
bonds
MS analysis of dipeptides
can show partner peptides in
close proximity

Sinz, MS Reviews, 2006
Bian, AJBE, 2014



Hydrogen/deuterlum exchange
el 0w 00 i single protein deuteriated
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test

1. Alanine scan means:
— A replacement of amino acids with alanine?
— B. replacement of alanine with different amino acids?
— C. search for alanines in protein sequence?
— D. specific ,scanning” of proteomic data?

2. Classical yeast two-hybrid system is based on:
— A. reactivation of GFP fluorescence?
— B. reactivation of a transcription factor (e.g. Gal4)?
— C. reactivation of DHFR enzyme?
— D. reactivation of RAS signaling pathway?

3. Targeted ,,crosslink* with BMOE:
— A covalently links SH groups of two cysteines via disulfide bridge?
— B. covalently links SH groups of two cysteines via crosslinker?
— C. covalently links NH2 groups of two lysines via crosslinker?
— D. non-covalently links two charged amino acids?

4. FRET method is based on:
— A. reactivation of a transcription factor (e.g. Gal4)?
— B. reactivation of GFP fluorescence (GFP fragment complementation)?

— C. close proximity of one fluorophore to another fluorophore (first one emits light which is absorbed by the
second one — second fluorophore emits light of different wavelength than first one)?

— D. fluorescence resonance of ethanol?

Send your test to: |palecek@sci.muni.cz




