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Ileap usydyeHHUA AMCIMIAUHBI:  IIOAydE€HHE O0a30BBIX 3HAHHUII O METOAAX
OIITUYECKON CIIEKTPOCKOIIHNH, O BO3MOXKHOCTAX U CHOCO0AX UX IIPUMEHEHUA K
peHIeHnI0 3aAa4 CTPYKTYPHOI O1oAOrun

*MoAeKkyAsipHAA CIIEKTPOCKOIIUA SAEKTPOHHOIO IIOTAOIIIEHNA CBETA
*MoaekyaspHad PAYOPECIIEHTHASA CIIEKTPOCKOIINSA

*@AyopecIieHTHAA CIIEKTPOCKOIIUA C BPEMEHHBIM Pa3pEeIIeHUEM

] loadpuzanmmoHHas (AYOPECIIEHTHAA CIIEKTPOCKOITHA

*dAyopecrieHTHAA CHEKTPOCKOIINA Ha OCHOBE PEPCTEPOBCKOTO PE3OHAHCHOIO
*IIEpEHOCA SHEPIUU

*DAyopecClieHTHAA MHKPOCIIEKTPOCKOIINA OAMHOYHBIX MOAEKYA
*CHexTpOoCKOIHA KPyTOBOIO AUXPOHU3MA

*Iuadpakpacras (VIK) cmexrpockorms MOAEKyA

*Criekrpockornns koMOnHarmoHHoro paccesuus (KP) csera u ee pasHOBHAHOCTH



CTpyKTypHbIe nccriegoBaHusi OAMHOYHbLIX MOJIEKYST N UX
KOMMJIEKCOB C ucnosib3oBaHnem FRET- achdekTa

OcHoOBHasi ugesa —NpPoOCTPaAHCTBEHHO U30ONIMPOBaThb, PErMCTPUpPOBaTh
MU aHanu3npoBaTb CradbIin curHasn ot ogHOMN MorneKyrbl (OAHOro KoMmnJsiekca)

C OOHOBpPEMEeHHOW peructpaumen curHana B AByX 1 6ornee cnekTpanbHbIX
AnanasoHax (KoHchopMauMOHHbIe NepecTPOMKN, B3auMOAEeNCTBUA MOSeKyn)

C pa3pelleHneM BO BpeMeHU (aHanu3 NpoLeccoB C y4acTUeM MOJieKynbl)



UccnegoBaHusa Ha ypoOBHE e AMHNYHBLIX MOJIEKYJT U UX KOMIMJEKCOB
MeToaamMu cpnyopecueHTHON MUKPOCKONUMU

UccnepoBaHua ¢ npumeHeHnem metoaa FRET
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Mixture of Different FRET States Single-Molecule Time Trajectories Postsynchronizing Time Trajectories

oocmoﬁﬁm@oob f— Ty OO0 00

malecule | molecule 1

A axana ket LEJE T [ 1 b R T R e T Je e Je Je yiral

malecule 2 molecule 2

200000 Q0 f——— QWOO,
molecule 3 time molecule 3 time

FIGURE 2-2. Single-molecule FRET study. (a) FRET in ensemble represents only the average value from many
molecules. (b) The time traces of individual molecules reveal the true FRET states of different conformations in real
time. (c) Events under study can be postsynchronized during data analysis.
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Chromatin: structural and functional

complexities
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Mononucleosomes are convenient model system to study
nucleosome interactions with different protein factors

DNA (147 b.p. +20 b.p. linker)
603 strong nucleosome-positioning
sequence
+

core histones
(2xH2A, 2xH2B, 2xH3, 2XH4)

nucleosome nanoparticle (10%5 nm size)

2

Studies with
biochemical and molecular biology
techniques
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Method: fluorescence microscopy of single particles (complexes)

Middle Contradiction:

(+35, +113) . BINE = Resolution of conventional optical
A= (+56, +135) microscopy: lateral 200 nm; axial
) 800 nm.

® Nucleosome size — about 10 nm.

To study structural changes at the
level of single nucleosomes it is
) necessary:

Proximal “egs

(+13,+91) Q 1. To use Forster resonance enetgy

transfer (FRET) effect (a probe of
conformational transitions at the
scale of 4-9 nm)
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transcription

2. To isolate single nucleosomes in
space and/or in time.

Kudryashova et al. Methods Mol Biol. 2015,
1288, 395-412
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Method: fluorescence microscopy of single particles (complexes)
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Analysis of transcription through 603 nucleosome containing
intact and fluorophore-labeled DNA

Fluorophores: -+
NTPs:

No additional pausing was detected on
fluorophore-labeled DINA, suggesting that
fluorophores do not interfere with
progression of the enzyme.

Transcription by RNAP was conducted in the
presence of N'TPs for 30 s at 150 mM KCl




Study of freely diffusing single nucleosomes and their complexes

solution with
nucleosomes

objective < .
nucleosomes =
focal volume_
wavelength .
selective mirror Ar'-ion laser
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Amount of sample:
volume - 10 pul
concentration — 0.2-1 nM
statistics- 1000-10000 particles/ 10 min



Study of freely diffusing single nuclesomes and their complexes
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Taskl. Study of nucleosome transcription with RINA polymerase

A RNA and
sl RN A-binding proteins

termination

Muclegsome
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Transcription is the first step of gene expression:
a particular DNA region is copied into RNA by
the RNA polymerase enzyme.


http://www.google.ru/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0CAgQjB0wAGoVChMIyvPxzJv-xgIVQxIsCh11bwlI&url=http://www.nobelprize.org/educational/medicine/dna/a/transcription/&ei=uqm3VcquKMOksAH13qXABA&psig=AFQjCNGKeBw-LlBqBBD7vzRZRET5DjxdJQ&ust=1438186298769379

Histone core .. ..
RNA polymerase (octamer) Transcription of chromatin is a

functionally important and complex
process that occurs with participation of
dozens different proteins
RNA p

T7A1 DNA matrix
promoter

RNAP type 3

Transcription stages: RNAP binding to promoter,
initiation, elongation and termination
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Formation of stalled

T7A OoC . :
-39 -5 elongation complexes in
promoter b+ATP, GTP
a mononucleosome system
EC-39
-39 -5
V+ATP, CTP, GTP
= b EC-5
-39 -5

}
+all NTPs
(post-transcriptional state)

EC-39

Shaytan &Armeev 2015



Frequency, %

Formation of EC-5 does not disturb nucleosome structure in
the distal region

Frequency, %

Nucleosome survives after transcription
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Task 2. Study of interactions of nucleosomes
with linker histone H1

An asymmetrical structural model

of the gH1-nucleosome complex.

Zhou et al. PNAS (2013), 110, 19390—
19395



Interactions of nucleosomes with the linker histone H1.5
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Interactions of FACT with nucleosomes

Positions of Cy3/Cy5 on 'Yeast FACT consists of
nucleosomal DNA

Front Side @ - Spt16/Pob3 subunits
‘ r'* |

and require

‘ - Nhp6

g SspFRET measurements
p

+ yFACT

(‘)

| —

SspFRET measurements
— P

Valieva et al. Nat Struct Mol Biol. 2016; 23(12), 1111-1116.
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DNA uncoiling from intact octamer

DNA uncoﬂlng with opening of
(HQA—HZB) / (H3-H4), interface

Q :
M =
5 ‘;.Miz‘:“ -
Ciy “0cc
DNA unwrapping with

POB” ’ g complete octamer disassembly
Opening of (H3-H4) dimer- ‘
dimer interface; no further
DNA uncoiling

POB3-Mm 4 N SPT16-M

~
SPT16-N

H3/H4
POB3-C | SPT16-C

FACT is likely to interact both with
uncoiled DNA and with core histones,

replacing some of DNA-histone and
histone-histone interactions

NUCLEOSOME
BOUNDARIES

NHP6

DNA

Valieva et al. Nat Struct Mol Biol. 2016; 23(12), 1111-1116.



FACT binding results in
a dramatic,
ATP-independent,
symmetrical and
reversible uncoiling of DNA

This uncoiling affects at least 70% of DNA in a nucleosome,
occurs without apparent loss of histones and
proceeds via an all-or-none mechanism.

FACT-dependent nucleosome unfolding modulates the
accessibility of nucleosomal DNA, and this is an important
function of FACT in vivo.



Study of immobilized single

?- silan-PEG
nucleosomes

§ - silan-PEG-biotin

¥ - streptavidin

- Biotin-labeled
nucleosome
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Immobilized
nucleosomes

objective <<=

scanners
wavelength Lasers

selective
mirror

confocal
diaphragm
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Immobilized nucleosomes (distal labeling)
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t=0.000 s

Immobilized EC-5 complex
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Experimental setup for the study of immobilized nucleosomes
using Total Internal Reflection Fluorescence (TIRF) microscopy

microfluidic cell
with immobilized
nucleosomes

<=Z2> objective

D'V'l TIRF
module

Time resolution is ca. 100 ms
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FRET kinetics of an immobilized nucleosome with 140 ms step
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Tasks
that can be solved with immobilized nucleosomes

Structure in dynamics (DNA “breathing’)
Lifetime of conformational states

Kinetics of complex formation and dissociation (dissociation
constant)

Titration of complexes (dissociation constant)

Formation of an extended set of stalled elongation complexes
with RNAP

Transcription in kinetics
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