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Protein-DNA Interactions

—Screening of interaction partners

—Localization of the interaction within the chromatin
—Sequential structural preference

—Protein function (TRF, Helicases, Chromatin, DNA-repair)

A wide range of biophysical chemistry methods have been used to study interactions between proteins
and nucleic acids.

»particularly good for determining the strength (affinity) of interactions

» High affinity, uM-nM: tend to involve sequential interactions,

» Low affinity, mM - uM: proteins tend to recognize aspects of the "whole" structure, ie.
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DNA-protein binding motifs
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Hydrogen bonds:
Adenine - GIn/ Asn
Guanine - Arg

Salt bridges:
Phosphate residue — Arg/ Lys

Through coordinately bonded metals

Zinc finger motif — Zn?*
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GIn/Asn forms specific H-bonds with N-6 H-7 H of
Adenine

Arg forms specific bonds with the Cytosine-Guanine
pair
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The most common DNA-binding motifs

HTH Zinc-Finger Leucin zip
Binding to
DNA major groove DNA major groove DNA major groove

Composition
Helix-turn-Helix R-sheet-R-sheet-Helix Helix-Helix

Structure
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MB2024-DNA protein interactions

1. Basic domains
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Methods for studying DNA-protein interactions

- Chip seq

Pull-down assay

EMSA

FRET

ITC

Co-crystallization

NMR

A yeast two-hybrid system
Gene expression

SELEX
database (interactome and complexes...)
genetic methods

MB2024-DNA protein interactions P H



In vitro methods

DNA-protein interakce

Description

Electrophoretic
Maobility Shift Assay
(EMSA)

The EMSA has been used extensively for studying protein:DNA
interactions. The assay is based on the slower migration of
protein:DMNA complexes through a native polyacrylamide or
agarose gel than unbound DNA. The individual protein:DNA
complexes from discreet bands within the gel. Now, protein.RNA
interactions can be detected with the first RNA-EMSA assay.

In Vivo Methods for Protein Interaction Analysis

In vivo methods for protein interaction analysis.

In Vive Methods Description

Yeast Two-Hybrid System Monitor complex formation through transcriptional
activation of reporter genes.

Crosslinking Reagents Incorporating functional groups into proteins which can
react, trapping a protein complex.

Supershift Assay A variation of the EMSA that uses antibodies to identify proteins
involved in the protein:UNA complex. | he tormathon ot an
antibody:protein:DNA complex further reduces the mobility of the
complex within the gel resulting in a "supershift.”

Chromatin Captures protein DNA interactions via in vivo crosslinking.

Immunoprecipitation
(ChIP)

Antibodies are used to selectively precipitate a protein of
interest, and the guantity of DNA bound to that protein is
measured via Quantitative PCR.

Immunofluorescence/FRET  Detect co-localized signal from two different proteins or
monitor complex formation thought fluorescent
resonance energy transfer.

Protein:DNA
Crosslinking

Method for trapping protein:DNA interactions covalently under
controlled conditions by labeling the protein bait and capturing
the interacting DNA via coupling with a photo-reactive reagent.
Excellent for capturing weak or transient interactions.

Affinity-based
Methods

Uses labeled DNA or RNA fragments bound to an affinity support

to capture or purify specific binding proteins from crude extracts.

DMNA Footprinting

Method identifies the recognition site of a protein for a specific
nucleic acid sequence. Binding of a protein to a specific DNA

sequence protects that region of DNA from subsequent attack
by DNase.

7 Reporter Assays

Identify gene promoter activity with reporter genes that are
easily visualized. Provides real-time data in cell systems.
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Chromatin immunoprecipitation (ChIP) is a technique that determines

Detection of DNA/RNA binding sites

ChIP (chromatinova imunoprecipitace)

Cells /

Cross-linking

l

Antibody binding

N\ ~—— - - )\"{\

/ I . ' 5 . . .

Crosslink Wash steps | 3‘£\ Immunoprecipitation ﬁ ‘x I
reversal i {, 2"

/VNI f /V&ﬂ i
/WI J /WI 4

DNA purification and

guantitative PCR ChIP- seq
ChIP-cloning
ChIP on ChIP

DNA and protein analysis

Image credit: Song, C., Zhang, S., and Huang, H. (2015). Choosing a suitable method for the
identification of replication origins in microbial genomes. Front. Microbiol.

MB2024-DNA protein interactions

whether a protein of interest interacts with a specific DNA sequence.
This technique is often used to study the repertoire of sites on DNA
that are bound by specific transcription factors or histone proteins and
to look at the precise genomic locations of various histone
modifications (including acetylation, phosphorylation, or methylation).

R W

‘ Cross-link Chromatin
Sonication to Shear Chromatin

‘ Immunoprecipitate
*Anti-Histone
* Anti-Transcription Foctor

‘ Reverse Cross-links
Purify DNA
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Detection
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SELEX

Systematic evolution of ligands by
exponential enrichment (SELEX),
also referred to as in vitro

selection or in vitro evolution, is

a combinatorial chemistry technique
in molecular biology for

producing oligonucleotides of either
single-stranded DNA or RNA that
specifically bind to a target ligand or
ligands. These single-stranded DNA Affinity
or RNA are commonly referred to matrix
as aptamers.[2238] Although SELEX
has emerged as the most commonly
used name for the procedure, some +
researchers have referred to it flow

as SAAB (selected and amplified through:
binding site) and CASTing (cyclic discarded
amplification and selection of clone & sequence
targets)4lBl SELEX was first
introduced in 1990. In 2015 a special
issue was published in the Journal of
Molecular Evolution in the honor of C.Tuerk, L. Gold Systematic evolution of high-affinity RNA ligands of

q uaﬂ}e r IVFB%E#%%N%JQI% i rTQ"iIrT:tlérggt?ons bacteriophage T4 DNA polymerase in vitro. Science 249:505-510 (1990).
discovery.

<

T7 polymerase
expression

A

RT-PCR
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Imunoprecipitation-protein -DNA (DNA), pull down

SC DBG

- method of isolating specific proteins Ab P93 7 i g
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Imunoprecipitation protein-DNA - imobilisation

- method of isolating specific proteins
from mixtures (lysates, purified...) by
means of DNA-bound to beads

- protein precipitation

- WB detection

A

Nuclear extract from UV treated cells
2x binding buffer wit; protease inhibitors
immobilized oligos*on magnetic beads
bind,harvest

=

beads supernatant
wash, elute

l 1

analyze p53 content by Western blotting
quantitate by densitometry
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Different systems of affinity tags and their interaction partners
used for protein purification

' Tab.1.Razné systémy afinitnich znacek a jejich interakénich partnera vyuzivané pro purifikaci proteini nebo studium protein-
-proteinovych interakci (afinitni koprecipitaci).

afinitni znacka sekvence afinitni znacky imobilizovany interakéni partner
Peptidové FLAG DYKDDDDK protilatka anti-FLAG
znacky HA YPYDVPDYA protilatka anti-HA
oligoHis (6-10mer) HHHHHH{HHHH) chelat niklu nebo kobaltu
Myc EQKLISEEDL protilatka anti-Myc
sep . streptavidin
Avi GLNDIFEAQKIEWHE streptavidin
Strep WSHPOFEK streptavidin
V5 GKPIPNPLLGLDST protilatka anti-V5
Proteinoveé G5T (glutathione S-transferase) glutathion
znacky MEBP (manose-binding protein) amyldza
13 MB2024-DNA protein interactions https://www.sinobiological.com/resource/protein- . l'_'l :L\{ é I

review/affinity-tag



Protein-DNA Footprinting

"Footprinting" is a technique to identify the
DNA-binding site

- Used to identify the target region of interaction within
the DNA sequence

-One strand of DNA must be labeled
(Radioactive/fluorescent)

-tUses DNase I enzyme or chemical cleavage (piperidine)
-Areas where interaction occurs are protected from
cleavage
— missing stripes (bands)

assumption: protein-bound DNA will be protected from
chemical cleavage at the binding site.

Isolate the DNA fragment that contains the binding site
and "label". Bind the protein to the DNA in one tube;
keep the other as a "naked DNA" control

Treat both samples with a chemical or enzymatic agent.
Separate the fragments by gel electrophoresis and
visualize the bands on X-ray film or an imaging plate

14
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Solution of identical DNA fragments
radioactively labeled * at one end of one strand.
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Box 26-1 Figure 1
Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company



Footprinting Results of RNA Polymerase Bound to Promoter

DNA/RNA
footprinting

Chemic cleavage:
AG: Formic acid
CT:Hydrazine
C:Hydrazine+NaCl
G:Dimethylsulphate
-piperidinu

D . wip53

|

G AG C - % 100 2% 300 1000

1
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CAG:CAG, ,
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Box 26-1 Figure 2
Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company



Yeast two-hybrid systems Y2H

a molecular biology method commonly used fo study
interactions between proteins.

The functioning of Y2H is made possible by the fact that
franscription factors have a modular structure and these
module-domains can function separately or in fusion with
another protein.

In the most common form of Y2H, the yeast transcription
factor Gal4 is split in this way. Its DNA binding domain is
fused to one protein ("bait"), usually known, whose binding
partners Y2H will search for, while the activation domain of
Gal4 is fused to a protein ("prey") that is a potential binding
partner of the investigated protein .

The interaction between "bait" and "prey" restores the
original function of Gal4, which subsequently transactivates
the relevant reporter genes. Due tfo its versatility and
simplicity, Y2H can be used to rapidly analyze large cDNA
libraries encoding proteins fused to the Gal4 DNA binding
domain. However, Y2H results must be verified by other
methods, as they are usually loaded with a significant error,
either false negative or false positive results.

The yeast two-hybrid system, its possible uses, variations
and limitations have recently been described in great detail
(Briickner et al. 2009).

RNA Polymerase |l

transcription

Obrizek 2:
Kvasinkovy dvouhybridni systém

studovany protein (X), je fuzovan s DNA vazebnou doménou, (DBD) pochazejici nejtasté)i z Gald,
kitera se vaze do aktivacni oblasti v blizkosti promotoru reportéru (UAS, wupstream activating
sequence), zatimco potencialni vazebny partner (Y) je fuzovan s aktivaéni doménou (AD), cbvykle
z Gal4. Pokud spolu oba hybridni proteiny interaguji, funkce plivodné rozdéleného transkripéniho
faktoru se obnovi, coZ vyvola transkripci reportérovéeho genu RNA polymerazou Il Prevzato z
(Bruckner ef al. 2009).

Bait
protein

Library
protein

transcription

GAL UAS minimal promoter

Reporter gene

Report gene:
lacZ (B-galaktosidase)

Figure 2. The two-hybrid principle. The DNA-BD is amino acids 1-147 of the yeast GAL4 protein, which binds to the GAL UAS

Luciferase upstream of the reporter genes. The AD is amino acids 766-581 of the GAL4 protein and functions as a transcriptional activator.

FP
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Gala

P Gay AD

Galy

Frej_,

[ UAS ! Reporter gene { LacZ)| |
A. Reqular transcription of the reporter gene

_ﬂﬁ Ga i .

> S

[ UAS i 'Reporter gene (LacZ) | |
B. One fusion protein only (Gald4-BD + Bait) - no transcription

V nejbéznéjsi podobé Y2H je takto rozdélen
kvasinkovy transkripcni faktor Gal4. Jeho DNA
vazebna doména (BD) je fdzovdna s jednim
proteinem (bait - ,ndvnada™), obvykle zndmym,
jehoz vazebné partnery bude Y2H vyhleddvat,
zatimco aktivacni doména (AD) 6Gal4 je
fazovana s proteinem (prey - ,korist"), ktery je
potencidlni vazebny partner zkoumaného proteinu.

Aplikace/Vyuziti:

Galg, ﬁ-h -

ﬁ'ﬂ g“’
.h ma bramcription -

VN
L UAS I Reporter gene (Lac?) | | -

C. One fusion protein only (Gald-AD + Prey) - no transcription -

protein-protein interakce

DNA-protein interakce

Analyza genové exprese- regulace

reporterovy test (DNA vazebné elementy, DNA
regulacni elementy)

G orey. Gl Geny nebo markery reportéra poskyTu ji vhodny prostredek
. . identifikovat a analyzovaT regulacni prvky gend.
5, > . Systém reportért méri transkripéni Cinnost (interakce cis-
@ ? 5 meroersee sz Prvki na predkladatele s predkladatelem trans-ptsobici
D. Two fusion proteins with interacting Bait and Prey kaTOI"Y). IVI U I\I I

17 MB2024-DNA protein interactifgps://cs.wikipedia.org/wiki/Dvouhybridovy_systém P H A R |\/|



Dual-Luciferase® Reporter (DLR™) Assay

Poly(A) block
(for background
reduction)

Synthetic
Poly(A)

Selectable

Upstream
Element

pGL4 Vectors

: = — Multiple
- Neo SV40 early | clonigg
- Puro’ enhancer/ region
romoter
p — Promoter/
response
elements
SV40 late
poly(A) signal

" Luclferase Gene
- Firefly (luc2)

* Rapid Response™ (-P, -CP)
— Renilla (hRIuc)

* Rapid Response™ (-P, -CP)
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http://photobiology.info/Ohmiya.html
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cell
extracts

Firefly
luciferin
D
l

Firefly luciferase

Appropriate Luciferase gene

Promoter (Reporter)
3 lud’en* - b

Reporter vector

Appropriate  Firefly Luciferase
Promoter ene
Ml

C_

Reporter vector

Promoter Renilla Luciferase gene

coelenterazine

R

Renilla luciferase

The Dual-Luciferase® Reporter
(DLR™) Assay System(a—c)
provides an efficient means of
performing dual-reporter
assays. In the DLR™ Assay, the
activities of firefly (Photinus
pyralis) and Renilla (Renilla
reniformis, also known as
sea pansy) luciferases are
measured sequentially from a
single sample. The firefly
luciferase reporter is measured
first by adding Luciferase
Assay Reagent II (LAR II) to
generate a stabilized
luminescent signal. After
quantifying the firefly
luminescence, this reaction is
guenched, and the Renilla
luciferase reaction is
simultaneously initiated by
adding Stop & Glo® Reagent
to the same tube.
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Luciferase Reporter Assay

— The Dual-Luciferase® Reporter (DLR™) Assay System(a—cC) provides an efficient means of performing dual-reporter assays. In the
DLR™ Assay, the activities of firefly (Photinus pyralis) and Renilla (Renilla reniformis, also known as sea pansy) luciferases are measured
sequentially from a single sample. The firefly luciferase reporter is measured first by adding Luciferase Assay Reagent Il (LAR 1l) to generate a stabilized

luminescent signal. After quantifying the firefly luminescence, this reaction is quenched, and the Renilla luciferase reaction is simultaneously initiated by
adding Stop & Glo® Reagent to the same tube.

RNA Polymerase Transcription Factors Promega
Recombinant Firefly o- —
HO o COOH Luciferase ) .
;'_{‘N + +! - " b_fN + +PP+ 00+ L
UN Ej/ ATP4O, Vg \O:i s]/ AMP4PP+CO,+Light Pro otas | RicHarass 3 - R(Epeonr;er
p—
Beetle Luciferin Oy lueiferin Jo0W LAR I
Transc*nptlon L/'
Renilla mRNA i AAA
N 0, Lacllores +CO . ( Luciferase j Ay

IZ Z

_—— = .
Translation 2 PLB Lyt
' f {misc with pipetc)
' Reporter
Coelenterazine CGoelenteramide E G P ¥ First Measarement
Protein (Firely Lucferase)

.0_

Figure 1. Bioluminescent reactions catalyzed by firefly and Renilla luciferases. { +Substrate
I‘_rggsensl{m&(#
Light Lﬁ I e
Light Signal = Luciferase Expression = Promoter Activity (Renl o)

Figure 6. I"or-aloflhe])].ll“ﬂss:ymga 1 humi: or a lumi quipped with one
reagenl tor. If the i is equipped with two injectors, it may be preferable to predispense the lysate into
tubes, followed by sequential auto-injection of the LAR 1T and Stop & Glo® Reagents.
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FRET Forster/fluorescence resonance energy transfer

Fluorescence / Forster resonance energy transfer

Measurements of FRET efficiency can be used to determine if two
fluorophores are within a certain distance of each other.[2! Such
measurements are used as a research tool in fields including
biology and chemistry. is a mechanism describing energy transfer
between two light-sensitive molecules (chromophores).[i! A donor
chromophore, initially in its electronic excited state, may transfer
energy to an acceptor chromophore through nonradiative dipole—
dipole coupling

FRET Pair Fluorescent Proteins

Laser

Violet

Violet
Argon
Argon

Donor

CFP
Cerulean FP
GFP
GFP

Acceptor

YFP

YFP

YFP
mRFP

Donoeor Ex
Acceptor Em
405526
405/526
488526
488579
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https://en.wikipedia.org/wiki/Fluorophore
https://en.wikipedia.org/wiki/F%C3%B6rster_resonance_energy_transfer#cite_note-5
https://en.wikipedia.org/wiki/Chromophore
https://en.wikipedia.org/wiki/F%C3%B6rster_resonance_energy_transfer#cite_note-1
https://en.wikipedia.org/wiki/Dipole%E2%80%93dipole_coupling

FRET Forster/fluorescence resonance energy transfer

Excitation _ .
458nm Primary Conditions for FRET
-Donor and acceptor molecules must be in close proximity (typically 10—100 A).

*The absorption spectrum of the acceptor must overlap the fluorescence emission
spectrum of the donor (Figure 1).
*Donor and acceptor transition dipole orientations must be approximately parallel.
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//upload.wikimedia.org/wikipedia/commons/a/a8/Fluorescence_resonance_energy_transfer.jpg
//upload.wikimedia.org/wikipedia/commons/c/c4/FRET_Jabolinski_Diagram.svg

Table 1. Typical Values of Ry

Donor Acceptor Ry (A)
Fluorescein Tetramethylrhodamine 55
IAEDANS Fluorescein 46
EDANS Dabcyl 33
Fluorescein Fluorescein 44
BODIPY FL BODIPY FL 57
Fluorescein Q5Y 7 and QSY 9 dyes 61
A
540 nm
E)Ec)itaﬁon
540 nm 590 nm “/ 2
Excitation Emission “ /7 NoEmission
: N 3-UGACGAUCUCUAAAAGGUGUAR
, Cy5
tﬁs'-ACUGCTAGAGAUUUCGACAU-3‘
Cy3 Blue Green
Fluorescent Fluorescent
Protein , )
B Protein
540 nm
Excitation
\ 680nm
~— Emission

S HSHBERARIAMREA gy

Cy3 Cy5 Figure 3. Schematic representation of the interaction of two different fluerescent protein
chimeras. Protein-protein interactions between proteins labeled A and B bring Blue fluorescent
protein and Green flucrescent proteins in close enough proximity to allow for FRET to occur. In

22 MB2024-DNA Pl'Figure 4. Schematic representation of FRET occurring between Cy3 and Cy5 flucrescent moieties this example, excitation of blue flucrescent protein results in the emission of fluorescence by Green
when labeled oligonucleotides are annealed. flucrescent prDtEin.
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Fluorescence / Forster resonance energy transfer
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Electro-Mobility Shift Assay (EMSA)
MO ‘_'_Ab A Obsah proteinu

O -—_
EEEETEEEEEEE Komplex C - .d
_ VoIna DNA| SEEE———
Komplex | = — — — — = am e

Komplex -

T T T Voina DNA| S i &

Volna DNA

Determination of protein-DNA interaction affinity
—The interaction takes place in vitro
—Necessity of DNA labeling (Radioactivity/fluorescence)

—Separation by gel electrophoresis (PA, Agarose)
—We monitor the retardation (shift) of the migration of the DNA-protein complex in the electric field

—The migration of a molecule (complex) in an electric field depends on its size and charge
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TEST EMSA ("Gel Shift” Assay)

Electrophoretic Mobility Shift Assay (EMSA) or "gel shift" can provide information about protein-NA interactions
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Pomérné primocard technika, ale poskytuje pouze presvédciva data pro interakce s vysokou afinitou (typicky <uM)
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Re}te’r;éh'éé"skré"rrzh%ié AG- Gibbs Free Energy, or "available
" cell cell energy"
AH- Enthalpy change
C T- Temperature in Kelvin
e~ AS- Entropy change
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~ 18 7 ——
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in Cells

Marie Brazdova'*, Vlastimil Tichy', Robert Helma', Pavia Bazantova', Alena Pola
Aneta Krejéi®, Marek Petr', Lucie Navratilova', Olga Ticha', Karel Nejedly', Martin
L. Bennink?, Vinod Subramaniam?®, Zuzana Babkova®, Tomas Martinek?, Matej Le:

Matej Adamik’

1 Department of Biophysical Chemistry and Molecular Oncology, Institute of Biophysics, Academy(B)
Sciences of the Czech Republic v.v.., Brno, Czech Republic, 2 Department of Molecular Biology a
Pharmaceutical Bictechnology, Faculty of Pharmacy, University of Veterinary and Pharmaceutical
Brno, Bmo, Czech Republic, 3 Biophysical Engineering Group, Faculty of Science and Technology
University of Twente, Enschede, The Netherlands, 4 Department of Computer Systems, Facully of
Information Technology, Bmo University of Technology, Brno, Czech Republic, 5 Department of In
Technologies, Faculty of Informatics, Masaryk University, Brno, Czech Republic

(A)

pA69

27 MB2024-DNA protein interactions

pA69 + p53

Relative luciferase

Relative luciferase

40
35
30
25
20
15
10

(A)
X T.AT
pGL3-BSK Luc | - -
pGL3-B50 A50 E - +
pGL3-P1 CON Luc | + -
pGL3-P20 —| A20 |— coON } Luc | + -
pGL3-P50 — A50 —— CON } Luc | + +
H1299 + pcDNAp53 (C) Hwtp53
Supercoiled reporters 4 Supercoiled reporters
o 35
® 30
)
!'5 25
3 20
o
2 15
-
S 10
7}
- = 0 — ==
BSK B50 P1 P20 P50 BSK B50 P1 P20 P50
(D) P1 B50
H1299 + pcDNAp53
. M P ChiP IN P ChiP IN
Linear reporters
1 2 3 4 5 6 7 8 9
1kb =
0.5kb o
We - -
— =
BSK B50 P1 P20 P50 Ab CM1 neg CM1 neg

Mmun L
PHARM



Phase

7
i
7

Review. NMR of protein— DNA inleractions 5. Campagne el al. 1067 3 ~ | S ‘ J/
-~ saien’ 4
/ \\ 7.
Neligm [
- L ‘~S N
L] s, [ S——
@ L1 BIL2 HI L3 f2H2H3 14 x"mys /" i 2 / i
(@) // “_. () 9 —_— ® |- "l'l-_:}
1.6 . —— o g -
. L1 BIL2 HI L3 B2H2H3 14 _— — 3—‘3-' k2% \ -
A - v e ————
Crystal b A48 8
1.2 1 . = e 5‘/ F
—_ i <] - R
& 104 5 3 \. A \Y =
= 08 |w» =]
@ o = = . o \
S oegd E it 53 ;
0.4 | \ a9 3. Diffraction Electron Atomic
0.2 pattern density map model
] 1 (K) o (r)
] 20 40 60 80 0 20 40 60 &0
residue number residue number
(e} (d)
=
e .
g minor groove 5
5 interface: f
® loop L4
2
5
g o
e A %}-‘
g f major groove
v ; interface:
1] 05 1.0 loop N-ter
imino saturation time (5) B-sheet
loop L3

Figure 1. Interaction surface mapping by combining chemical shift perturbation ((CSP) and imino cross saturation on the THAP
domain of h'TIIAPL. (a) Histogram of the normalized CSP observed upon DNA binding as a function of the residue number.
(b) Imino cross-saluration rates () as a function of residue number. (¢) Examples of experimental points and fitted curves
of the imino cross-saturation data. Fxperimental points and fitted curves are coloured in blue for the e-helical residucs (away
from DNA) and in black for Bsheet residues (close to DNA). (d) Mapping of the interaction surface on the solution structure
of the THAP domain of hTIIAP1.
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Summary: gene expression analysis

- study of transcription (MRNA-northern transfer, RT-PCR, IN SITU
hybridization, primer extension)

comparison of transcriptomes (RT-PCR, siRNA, DNA microarrays,
..)

Analysis of promoters and protein-DNA interactions (reporter genes,
promoter localization, identification of promoter regulatory regions-
elements, footprinting, EMSA...)

Analysis of translation (proteins-WB, ChlP, IP)
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