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Momusayus u yer»: B HealeTWIMPOBaHHOM XpoMmaTuHe B3ammopelicTBue N-KoHIA
ructoHa H4 onnoli HykieocoMbl ¢ ydacTkom acidic patch, oOpa3zoBaHHBIM qrMepoM
H2A/H2B npyro#t HykI1e0COMBI, IPUBOAMT K arperalyiid HyKJI€OCOM U KOMIAaKTH3AIHH
xpomaTrHOBOW HUTH [1, 2]. B TO )e Bpems amnerunupoBanne N-koHna ructona H4
NpeIOTBpaIllacT €ro CBs3bIBaHHE ¢ ydacTkoM acidic patch, mapymas Tem cambim
MEXHYKIICOCOMHBIE B3aMMOACHCTBUS U ACKOHJAEHCHPYs XpoMaTuH [3—6]. C ygacTkom
acidic patch moryr Takke CBS3BIBATBCS MHOTOYHCIICHHBIE OCIKH XpPOMAaTHHA
(manpumep, supycHbiii antured LANA, nykneonopun Elys u muorue apyrue) [7, §].
[Mockonbky 3TH OeNKK KOHKYPHUPYIOT ¢ HealleTuiinpoBaHHbIM N-KoHIIOM riuctona H4 3a
CBA3BIBAHME C TEM K€ uHTepdeiicoM, OHM MOryT MeIaTh O00pPa30BaHUIO
MEXHYKJICOCOMHBIX ~ B3auMoJielcTBui. Llenplo nmaHHOTO  HMCCiemoBaHHsS — OBLIO
BBISIBIICHHE WM3MEHEHHH B AapXWUTEKType TEHOMa, NPOUCXOASANIMX B OTBET Ha
HCKYCCTBEHHO BBI3BAaHHOE HapyLICHUE MEXHYKJICOCOMHBIX B3aUMOACHCTBHH.

Memoowt u aneopummur. Hi-C npoBomunu ¢ ucnonb3oBanreM ¢pepmenta Hind 111, kak
OBLTO omucaHo paHee [9].

Pesynomamei: UToOBI WCCHEMOBaTh, KaK HapYIIEHHE B3aHMOJCUCTBUH MEXKIY
HYKJICOCOMaMH BIIMSICT Ha ApXUTEKTYpy T'€HOMa, Mbl HNPUMEHWIHM JBa Pa3IMYHbBIX
nojixo/1a. B mepBoM M3 HUX MBI TPaH3UEHTHO TPaHCHUIIMPOBATH KIETKU S2 APO30(DHITBI
KOHCTPYKIHEH, dKkcnipeccupyomeit nentug LANA, KOTOpbIi criocoOeH CBI3BIBATHCS C
ydactkom acidic patch, tem cambiM mpenoTBpaiias B3aHMOJICHCTBHE MEKAY ITHM
HHTEPPEHCOM H TIONOXKUTEIbHO 3apspkeHHBIM N-KOHIIOM —HealeTHIMPOBAHHOTO
ructona H4 u3 npyrux HykieocoM. Mbl oxxumany, 9to skcnpeccuss LANA npuBeneT x
HapyLIeHWIO arperandyd HEaleTWIMPOBAaHHBIX HYKJIEOCOM B  TOIOJOTMYECKH
accouuupoBaHHbiXx gomeHax (TA/lax), cocrosmmx M3 HEaKTUBHOrO XpomaruHa. Bo
BTOPOM TMOJXO/€ MBI TPAaH3UEHTHO TPaHCHUIMPOBAIH KIETKA S2 KOHCTPYKIUEH,
IKCTIPECCHPYIOIIEH MyTaHTHYI0 ¢opMy TuctoHa H2A, numieHHyr0 aMHUHOKHUCIIOT,
obpasyroumx ydactok acidic patch, 4ro tarxke HOKHO HpeIOTBpAIlaTh arperaruio
HeareTUINPOBAHHBIX HyKJIIEOCOMHBIX HUTEH.

Msbr npoeenu Hi-C Ha KieTKax, SKCIPECCUPYIOUIUMX 3TH OCJIKOBbIC (AKTOPHI, C
nocneayonM cekBennpoanneM Hi-C oubmmorek. Mnentudurnmpoannasie TA bt
ObuTM paszeneHsl Ha yeTbipe rpymnisl (A, B, C, D) B 3aBUCHMOCTH OT COOTHOILECHUS B
HUX aKTUBHBIX M HEAKTHBHBIX THIIOB XpoMaTwHa, rne TAJIpl rpymmel A copepikanu
HauOOJIBIYIO JIOJIO aKTHBHOrO xpomaruHa, a TA/lpl rpynmnsl D — HauMeHbIIyIO ero
JIOJII0. 3aTeM MBI MOACUYHUTAIIN CPEeNHIO 4acToTy KOHTakToB (ACF) BHYTpH Ka)1Io0ro
TA/la. Ha puc. 1 moka3ansl n3menenus 3Hadennii ACF B Ki1eTKax, 3KCIPECCHPYIONINX
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LANA wmu mytantsseii rucron H2A (H2Amut), mo cpaBHEHHIO ¢ KOHTPOJIBHBIMHU
knetkamu. Ilpu skcrpeccun LANA win H2Amut 3nagenns ACF u, ciegoBarensHo,
mwioTHOCTh ynakoBku TAJloB rpymmber D, cocTosmmx W3 HEaKTUBHOTO XpOMAaTHHA,
cHmKaercs. TakuM 00pa3oM, WHTHOMpPOBAHUE CBS3BIBAHMS HealleTHIHpoBaHHOTO N-
koHma rucrtona H4 oaHo#t Hykmeocombl ¢ acidic patch wunTepdeiicom mpyroi
HYKJICOCOMBI TIPUBOJUT K PAa3phIXJICHUIO OOMmIEH MPOCTPaHCTBEHHONW OpraHU3aIliH
HeakTHUBHBIX TAJ[oB. B TO ke BpeMs skcipeccrst 000uX OSIKOBBIX (DAKTOPOB IMTPUBOIUT
K YBEIMUYEHHIO IUIOTHOCTH ynakoBku TAJIoB rpymmel A, cOCTOSIIMX M3 aKTHBHOTO
BBICOKOALIETUIIMPOBAHHOT O XpoMaTuHa (puc. 1).

Qkcnpeccus LANA kenpeccns H2Amut
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Puc. 1. Oxcnpeccus LANA nmu mytantHoro ructona H2A B kieTkax S2 MpUBOAUT K CHUKECHUIO
IUIOTHOCTH YMAKOBKH HEaKTHBHBIX TAJIOB M YBENHYCHHIO IUIOTHOCTH YIMAaKOBKH aKTHBHBIX
TAJloB. Logy(fold change ACF) B TAJlax yeThipex IPYII MOCIE SKCIPECCHH B KiIETKax S2
LANA (neBast maHens) win MyTtanTHoro rucroHa H2A, He cnoco6Horo obpasossiBath acidic
patch (npasast nanens). P-values onpemernsiiu ¢ momoripo Tecta Bunkokcona

Bbi10 mokazano, 4to ¢ ydactkom acidic patch ameTuaMpoBaHHBIX HYKJIEOCOM MOYKET
cBs3bIBaThCs HyKjeonopuH Elys [8, 10], koTopblii, B CBOIO 04Yepeib, MOXKET IIPHUBJICKATh
KOMIUIEKC pemoenupoBanus xpomatuHa PBAP [11], nekoHIeHCUPYIOMIMI XPOMATHH.
B Takom ciy4yae OnokupoBanue ydactka acidic patch ¢ momompio LANA win
oTcyTCTBHE ydacTka acidic patch B rucrome H2Amut MokeT mpemoTBpamarh
cBs3biBanue  komiuiekca Elys/PBAP, Tem cambiM genas xpomaTwH — Oojiee
KOHICHCHPOBaHHBIM.

Buisoowi: Hamra pabota mmokazana, 94To Kak MeXHYKIEOCOMHbBIE B3aUMOICHCTBUS, TaK U
CBSI3BIBAHUE ONPECTICHHBIX OEIKOBBIX KOMIUIEKCOB € HYKJICOCOMaMH SIBIISIFOTCS
KITIOYEBBIMU (DAKTOPaMH, ONPEACTISIOIUME TPEXMEPHYIO OpPTraHH3alli0 XpOMaTHHA B
uHTepdasHoM sape. Hapymenue mo6oro Tina B3auMoaeicTBUI IPUBOJUT K 3aMETHBIM
W3MEHEHUSIM B apXUTEKType FeHOMA.

Qunancuposanue: VccrenoBanue BBHITIOIHEHO B paMKaX TOCYJapCTBEHHOTO 3aJaHUs
HULI «KypuaToBCKUI1 HHCTUTYT».
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Motivation and Aim: In the non-acetylated chromatin, the interaction of histone H4 tail
of one nucleosome with the acidic patch interface formed by H2A/H2B dimer of another
nucleosome leads to the aggregation of nucleosomes and to the compactization of
chromatin fiber [1, 2]. At the same time, the acetylation of H4 tail prevents its binding
with the acidic patch, thus disrupting inter-nucleosomal interactions and decondensing
chromatin [3-6]. Numerous chromatin proteins (for example, viral latency-associated
nuclear antigen (LANA), nucleoporin Elys, and many others) may also bind with the
acidic patch [7, 8]. Since these proteins compete with the non-acetylated histone H4 tail
for binding with the same interface, they may interfere with inter-nucleosomal
interactions. The goal of this study was to reveal changes in genome architecture
occurring in response to artificially induced disturbance of inter-nucleosomal
interactions.

Methods and Algorithms: High-throughput chromosome conformation capture (Hi-C)
was performed using Hind 11 digestion enzyme as described previously [9].

Results: To examine how the disturbance of interactions between nucleosomes affects
genome architecture, we applied two different approaches. In the first one, we transiently
transfected Drosophila S2 cells with the construct expressing LANA peptide, which is
capable of binding to the acidic patch region, thereby preventing interactions between
this interface and the positively charged tail of non-acetylated histone H4 from other
nucleosomes. We expected that LANA expression would lead to the disruption of
aggregation of non-acetylated nucleosomes in topologically associating domains
(TADs) composed from the inactive chromatin. In the second approach, we transiently
transfected S2 cells with the construct expressing mutant form of histone H2A, lacking
amino acids forming the acidic patch region, which should also prevent the aggregation
of non-acetylated nucleosomal arrays.

We performed Hi-C in cells expressing these protein factors, followed by sequencing of
Hi-C libraries. The identified TADs were divided into four groups (A, B, C, D),
depending on the proportion of active and inactive chromatin types within them, where
group A TADs contained the largest proportion of active chromatin, while group D
TADs — the lowest proportion of it. Next, average contact frequency (ACF) for each
TAD was calculated. Figure 1 shows changes in ACF values in cells expressing LANA
or mutant histone H2A (H2Amut) relative to control cells. Upon the expression of
LANA or H2Amut, ACF values and, consequently, the packaging density of group D
TADs, consisting of inactive chromatin, decreases. Thus, inhibition of binding of non-
acetylated histone H4 terminus from one nucleosome with the acidic patch interface of
another nucleosome leads to the loosening of general spatial organization of inactive
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TADs. At the same time, the expression of both protein factors leads to the increase in
packaging density of group A TADs, consisting of active, highly acetylated chromatin

(Fig. 1).

LANA expression H2Amut expression

Bea

0.5
0.5

0.0

-0.5
-0.5

Log, FC ACF (LANA/control)
Log, FC ACF (H2Amut/control)
0.0

T T T T T T T T
wilcox wilcox wilcox wilcox wilcox wilcox  wilcox wilco
4 6e” 0532 1.7a" 9.6a’ 5.6e° 0.48 1.1e* 2.4e°

Fig. 1. Overexpression of LANA or mutant histone H2A in S2 cells leads to a decrease in the
packaging density of inactive TADs and to an increase in the packaging density of active TADs.
Log(fold change ACF) in TADs of four groups after overexpression in S2 cells of LANA (left
panel) or mutant histone H2A, unable to form acidic patch interface (right panel). P-values were
determined in the Wilcoxon test

It was shown that the acidic patch interface of acetylated nucleosomes may be bound by
nucleoporin Elys [8, 10], which, in turn, may recruit the chromatin remodeling complex
PBAP [11], known to decondense chromatin. Then, blocking of acidic patch by LANA,
or the lack of acidic patch in the H2Amut can prevent binding of Elys/PBAP complex,
thus making chromatin more condensed.

Conclusion: Our work has shown that both inter-nucleosomal interactions and binding
of certain protein complexes to nucleosomes are the key factors determining the three-
dimensional organization of chromatin in interphase nucleus. Disruption of any type of
interactions leads to notable changes in genome architecture.

Funding: The study was carried out within the framework of the state task of NRC
“Kurchatov Institute”.
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