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BAR e XEORELONFIZLLTO L B0 TH D,
1. PRISM{tA# & Sin3 OHHEMERMT TR, =&I1E (PRISM BioLabo)

FEO A R L AR REC T Sind ISR AT 5 A2 NMR CRERE L 7= PRISM LA &, fPikBEEMER T T L
~ 7 ARHMEIRIEDET L~ T AZHEET D L dE R %R L7z (Ueda et al. Bioorg. Med. Chem. Lett. 2017)
E0, BREET L~ U A THUENREZ R LTe (RraFHEh) .

2. BERTFEZRIBEL > 52EREMHEEIEABEES FOBRRLANY T —Var BEIRIC (E#RHF - Molprof)

Hi GEAF- REST 2MHAMEM % Sin3 ITREE T 2 MRRBEESAIZ A 2 ) a X7 ) —= 7 THRIRL, S56I
NMR T Sin3 ~OfEAE A7 ) —= F LifERELV Ty, varTavwdy, sarraFxk s a2HE
L7z, £ 6% Sind 2353 2 MBI OHFEHE N R Z R LTeDO TR v 7 VR a = 7R ELT
& L7z (Kurita et al. Sci. Rep. 2018), BIZBEAAIRIFIE DA ) 2T 208 b5 ¥ % [FlE L. NMR T Sin3B ®
it & 2 B L 7L SISV TR O A TR B 2 2R 2 et L7z, £ IRRIEE A TIle e ofs ikl %
MD F5 Tt L 7= (Hayami et al. Sci.Rep. 2021),

3. lREZVRIGLIRE L OHAEERMAT XKEZEE&H (BiX)

A V¥ F ¥ 7 # APETX1 O NMR #1E 2 IRE L, APETX1 OBUKMEREANEE R 72T TIERL . A A F v =x

JV hERG @ resting IRHEDFRIRICE G T 2 F 2R L7z Matsumura et al. BMC Mol. Cell Biol. 2021),
4, BBEET VN —T AT AR AZBRERY T B EOMEERART EREN EX)

SiRNA - ARU U v EDEAKRDO NMR ZHIE L, AU U B RNADEEICHEA L TWDAZ LN hoTa,
5. UAJVAHN 1 A DNA OEERENT EEE GEEKRD)

HIV-1 D% T2 A4 7D 5B X A7 CHRIZIE Gag # > /N7 D PTAP EF — 7\ ZEEN R S DH, PTAP 22— R
T HEH & OFi$H D DNA #iE % NVR THA, L—ROBREEDFAET 5 2 E 2P LM LT,

6. NMR fi#tr DK BIRE 2 (BURTHIZIKRF)

7 v ETe AMPA S BKHE G PET EHIDALA W) DO feiBCERNARE ) O &R E 2 NMR TfT 5 7= (Arisawa et
al. Nuclear Medicine & Biol. 2022),

7. 7 a~<F UHIERFHITAPIOMEERENT B ERA @HEHLRFE)

BHOE A N HSFEE S 7B T D HiTAPL IZZ D C RERIS b A b2 H3 LA RAICH EMERT %, NMR
ZHWTCRD KA A AEEZRE LZ OMBEERBRIC OV Cikim L=,

8. X7 LAY —LEEIRBITHER T —L L DNA DFEERBIT TEHHE (BFH)
H2A-H2B % T~ L L7= 145bp lanmmitwuuHﬂ MBanEmmunt&HHﬂ

& 193bp DNA O 2 FE¥EDO X 7 L
IV — L OEHIMEE Z NVR T
Bri7z, H2A @ C KF—/1ix Y
Y A—DNA EMEEHL TV
25, H2A & H2B D N KF—/LiZ
U > F1—DNA OFIEZ DD 5
T, 2 DOBEIEE Z > TV
720 MD FHROFESR. 2 >OBAY
&L H2A O N KT —/L@ DNA O FEiERE GG & BIER GG, L OVH2B O NR7 —/Lo DNA tHA Y A7
S & 2 OW O EEICRG Le (ERD, L2 RIRT L I H2A & H2B D N KT —/Lv D 2 DOHE)
HIREERICARBIN & 5 FH 2 W) TS L 72 (Ohtomo et al. J. Mol. Biol. 2021),

9. X7 VA Y—2baThiF+NCP), X7 LAYV —A, Zu~< bY—25H0 HN KT —/VOENRIEERENT

EARHEDNEKT—/LD K5, K8, Ki2, K16 27 BF /L LT=X 7 LA Y — L DOBENIFEEHENT %2 BLAF O KR
2



Wt ORI TIT o7z, HHDONKZT BT UL LTIZX 7 LA Y — LDk chromatosome
I I 2 7 OB A < 2L LT R o 7225 NMR TFEHT L 72 nudleosome ¥ S

P HAF— A BB DNA KA S 7 U —IC RS L L bIc, 13T o R R S0 &
—/L L DNA L OMESERNRL 725 2 L b Efeotn, B, & g %

AN HAZT B F MU AD &, Genb BERICE D H3 @ 14 ZHHDY
VURBEOT B TFEOEEN RS R LI E LA L, 1 X
LAY —ANTOE R b7 — LRI OFIRREE & R+ 28 L
WS 2 B 5772 L7z (Furukawa et al. Proc. Natl. Acad. Sci. USA  ¢on 20n
2020), U ¥ —DNABEENX Y LAY —LaThT (NOP). U H—  Wa kitee
DNAWBHDHX T VAV =L IHICY U I— R MNUREG L7 n~
Y —AIZEBIT5H H3 ONKT — /L OIS Z | [F—504 FCHik L
7o TOFER NCPIZEBWTIZ H3 DN KT — LD Z A F I 7 AL Genbd
128D K4 OT B FMEEENR, X7 LAY —LHOH3 O N KT —/L LT 5 & R&E <l STz, —
F. Vo A—e AR CHLADPREALEXZ LAY —AThbH 7 r~ FY—ATiE, H3 DO NKT—/LIE NCP 7
AT F A= ar XTIV =AM a T A= a2k oTWDHI ENRH LN ER-TZ, Li
LR B, 7r~< hY—AICEBIT 25 K14 OT7 EFMALEEIX, NCP LV X7 LAY —AIZBIT 57 8F 1k
HEIZTWVRERB G ONTZZ EnD, Z7a~v h Y —AZBWTH B ONKT— VTEW T LXR B Y T 1 2%
FLTWAZ I~ (EX) (A. Furukawa et.al., iScience, 2022),
10. RNARY A Z—¥ & TFIIH OFEAEAIALO NMR (2 L 2HEEMHT  ILO#E GRIX)
FEARERE./MEEINF TFIIH O p62 7=+ F®PH K
AA TR 2 REBRFREER T EAHEEH LT
TFITH Z R~ 8T 5, 3 DDORNARY X F—+F
(RNAPI, RNAPII, RNAPIII) (Z4ki@4 % RPB6 # 7=
v RO N KT —LOHFIZ PH R A A ST OFERLEL
S % BT 7=, RPB6 1IN KT —/LTPH KA A 2 &R
HICHEGT 2D 2 & Z s L. RPB6 HIM A TNPH R A A
& OBEA RO %2 NMR{E TIRE L7z, 20 NWR f#iE &
RNAPIT 38 L ONTFIIH D 7 7 A A @EEAMEEN 5, TFIIH &
RNAPIT & D R & o Vil 2 4 L7 (F 1IX) (Okuda et al. Nucleic Acids Res.2022),
11. 7 8% RAA 2 (CD) DFEESHEM L pH KM
BERED Eaf3 [ 385 5B AR RERALO H3K4me Z30a%k L B A ko
T B TF LT D Nuad AR L | B RO H3K36me
ik L e A N a7 AL L SREIBR AR & i 3 5
Rpds3 #HEKRDILEY 7 2= N Toh D, Eaf3 O CD IXH )7
DAFALE A R ACHE < FEST D03, AEINR 2 Hn T
Z ORGSR B R 2R L7z
(Okuda&Nishimura, Biosci. Rep. 2020), AXIZ Eaf3 ® 7 o
ERAL L OWEEZRT, AT bk X F H3 BT
~JL LT FEA R AR CHATZEAE S X F b e 2 R VAN T, AR CTRT LI AF LY o v
FEADOFBEFEERRNT v N % Tyr2s, Tyr8l, Trp88 M L T 5, BBRIENZ L4 F TOHEFRKR 7 v MITA
Do TNV E AF YV Hisl8 MFEET 5, NMR THisl8 @ pKa & BAEH 5 & 6.70 T L EEMEMRITIX
His (I7'v h AL LEEREZHOD DT, EBMEZFFOA T LY Vo OfEEEET S, EBEATF b X b
3
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v & DFEE BT LRGSR, B CREA XIS 220 7T VI TREA D358 72 o le, T OFEERDND Eaf3 @ CD
LN CHE B BR AR & SR B R AT O D pH & v — & LT X | S EEME A R TR LT v Y
BITREL TWND Z EERB LTz,

12. FACT @ SPT16 BAMEFEIR pAID & 112bp X 7 LY — A DEAED NMR 7T

E ARy _m s FACT O% 7=y | Sptl6 DY Ha N-tall [ARTKGTARKSTGGKAPRKOLATKAARKSAPATGGVKK |
AL S AT M R IR A (pATD) 1, JE#H O 145bp : 4
X VU 112bp DNA TIERL LT X 7 LA Y — A ERZER PAID side ;

BARERT 575, 7 71 A H#% I C pAID & pA L
112bp X7 LAY — A DOEAIRO LR & P E LTz i
(Mayanagi et al. Sci. Rep. 2019), AT R g 2
+ X 91T FACT-pAID/ X 7 L A Y — LEA RO BB 1
TIERZ ol A b U3 T — /L OB ZER) 2 fif i3 5 72012, FACT-pAID/112bp X 27 LAY — MEGIRD
NMR fi##T %247 > 72 (Tsunaka et al. iScience, 2020), & D#EF, H3 7 —/LIF DNA il & pAID D 2 FFHD > 7
FVEIR LT, pAID o> H3 7 — LI EhIZ DNA <2 pAID EAHEAEA L2 6, K0P L TRy, &
A N NERIRER IR E OB A Z TR T VDR LT, DNARISRX 7 LAY — LD H3 T— VI X7 LAY — LD
RO DNA ICPHE N AEIE AN —RZZOMAERICE VB ENTWT, B A M AEMER O T 7 & 2 &8
SHETLZZENDIoTZ(EX), ZOWFEBRRIL Y T A A EBEEAFNT & A8 722 NR OFI S A1 L7z @ AL
DVAINVA =2 bpoTz,
13. TFIIH O2HEE LR Z R 7 B L& OBEGHEE

7 ) LERTDNA DG E X 7 VAT RIREERE T DT XPC & X
7N, EREOR P TEE T B ERIL UVSSA & 87 DSBS LI
AL, 55 HEMERIREMEE ) ARG K - TRFITH @ p62 H 7' =
v NOPH RAA » EFEA LT TFITHEAREZ U 7 v— h§ % (Okuda et
al. Nucleic Acids Res. 2017), PH KA A X TFITHEAAKFTT L ¥
STV FEREIERC Y T A A EBBMEE TITR ARV PH RA AL &
BAHITKEL 7 T A ABHEE TR A TS BSDL A A > &5 A7 fEE
DFFIF L OBIRIMEE 2 NIR THEHT L72, B O N7 RICE ST
HEZ B, MD 22— a2 TYU 7742 L, PH RAL V%25
ATE TRIIH AR OB E 27 /Wb L7 (FIX), S 512, TFIIH &
XPC 2 UVSSA & D Ky ¥ 7T /NEREE L, \WMRALFy 7 MMEB) IR
THET VOG22 HZR U7~ (Okuda et al. Nucleic Acids Res. 2021, ¥#iBOFRMKICEH),

Vend
* TFIIH complex
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ABSTRACT

We aimed to develop structural analyses of intrinsically disordered proteins and their complexes by NMR. To reveal
their interaction modes, we have developed docking methods for small compounds on target proteins as drug candidates,
and also for intrinsically disordered proteins on a supramolecular complex, whose overall architecture has been revealed
by cryo-electron microscopy (cryo-EM) method.

For example, REST is related to medulloblastoma and neuropathic pain, and its N-terminal intrinsically disordered
domain binds to the PAH1 domain of a corepressor Sin3, which recruits histone deacetylases. Compounds that inhibit
the interaction of REST with the PAH1 domain ameliorated such neuropathies (Ueda et al. Bioorg. Med. Chem. Lett.
2017). In addition, we found that three neuropathic approved drugs: sertraline, chlorprothixene, and chlorpromazine
bind to the PAH1 domain by NMR, and inhibit medulloblastoma cell growth (Kurita et al. Sci. Rep. 2018).

Histone acetylation is regulated by intracellular pH causing cell proliferation at high pH. Eaf3 CD interacts with
epigenetic markers, H3K4me and H3K36me. Eaf3 CD contains a histidine residue in its binding pocket suggesting that
Eaf3 CD functions as a pH sensor and a regulator of gene expression (Okuda & Nishimura, Biosci. Rep. 2020).

The nucleosome comprises two histone H2A/H2B dimers and one histone (H3/H4), tetramer wrapped around by
145 bp of DNA together with linker DNA. As revealed by NMR and MD simulations in nucleosomes with and without
linker DNA, the H2A N-tail can locate in the major or minor grooves of core DNA, while the H2B N-tail adopts two
different conformations oriented toward the entry/exit side and opposite side (Ohtomo et al. J. Mol. Biol. 2021).

We showed that, in the nucleosome containing linker DNA, H4 N-tail acetylation enhances H3 N-tail acetylation by
altering their mutual dynamics on linker DNA (Furukawa et al. Proc. Natl. Acad. Sci. USA 2020). In addition, we have
examined the H3 N-tail dynamics and acetylation by using the linker DNA-less nucleosome (nucleosome core particle,
NCP) and the linker histone H1-bound nucleosome (chromatosome). In the NCP, the H3 N-tail is bound between two
core DNA gyres, thus H3 N-tail acetylation and dynamics are suppressed regardless of H4 N-tail acetylation. In the
chromatosome, the asymmetric H3 N-tail adopts two conformations: one like in the NCP and one like in the nucleosome
with linker DNA (Furukawa et.al. iScience, 2022).

The FACT complex contains SPT16 subunit. Cryo-EM analysis revealed a partially unwrapped nucleosome by
FACT, in which the phosphorylated intrinsically disordered (pAID) segment of SPT16 wrapped around the histone core
together with 112-bp DNA (Mayanagi et al. Sci. Rep. 2019). NMR revealed that the histone H3 N-tails adopt two
different conformations corresponding to the original nucleosome site (DNA side) and the site containing pAID (pAID
side). The H3 N-tail acetylation by GenS is faster on the pAID side than on the DNA side, suggesting that accessible
conformations of H3 tails are created by the replacement of DNA with pAID pf FACT (Tsunaka et al. iScience 2020).

TFIIH is an essential transcription and DNA repair factor composed of seven core subunits. The subunit p62 contains
a PH domain, which is responsible for the TFIIH location at transcription and damage sites, and BSD1 domain. A cryo-
EM structure of TFIIH visualized core, except for the PH domain. Based on the NMR structure of the p62 PH domain
linked to the BSD1 domain, the PH domain was modeled in the cryo-EM structure to obtain the whole human TFIIH
core structure, indicating that the PH domain moves around the surface of core (Okuda et al. Nucleic Acids Res. 2021).

In eukaryotes, three RNA polymerases are required for various RNA syntheses: RNAPI for rRNA, RNAPII for
mRNA and most snRNAs, and RNAPIII for tRNA and other small RNAs. Three RNAPs contain a common subunit
RPBS possessing a short flexible N-tail. We revealed that the N-tail interacts with the PH domain of the p62 subunit of
TFIIH and determined the NMR structure of RPB6 bound to the PH domain. Using available cryo-EM structures, we
modelled the activated elongation complex of RNAPII bound to TFIIH. These and biochemical results show that the
p62-RPB6 interaction plays multiple roles in transcription, TC-NER, and cell proliferation, suggesting that TFIIH is
engaged in all RNAP systems (Okuda et al. Nucleic Acids Res.2022).
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