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Aptamers are nucleic acid molecules that bind to target molecules with high affinity and specificity, which are
obtained using a technique known as Systematic Evolution of Ligands by EXponential enrichment (SELEX). Although
aptamers are being researched and developed as promising molecular-targeted therapeutic agents, the mechanism of
aptamer binding to the target proteins with their high affinity and specificity is not clear. Therefore, structural and
biophysical studies are important to know that, and isothermal titration calorimetry (ITC) to study the thermodynamic
basis of aptamer-target protein interactions has become very important. Furthermore, physicochemical insights obtained
from molecular simulation are also important. Understanding the mechanism of aptamer binding will contribute to the

development of the aptamer therapeutic agents.
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1. [ZC&HIC

1.1 BEEFESR

AR, KR 2 2 AR E T & W 23R JEBR R IC L - T,
BT OERRBET TIE 2L, PURERS, ERRER,
BIRTIRRIE R L, Hx REERLPERIEINATED,
D& D 7pkkx ISR - IR FIRIC L CRIRE X D T o &
WO BERFELIL TS, BERERML, Ak Ihi
DNA ®° RNA B X O AN TE ) G2 5 EHHTHY, 2023
3 AFETIZ 16 MBENEKRINTEY, Koy T1Z
RS E LCHER SN TWD, 16 fhH OEBREKSD H 5 9
EEIXT T AR L K3, S ShEIL SiRNA & X
TWDD 2 51E, RNA (2t L CHE RS oA MEC
L VFAE LTIERT % (Fig.d, Tablel), 7 v F & > ALk
DOBAENE, WRDORA E 22> T D mRNA ITFEAT D L,
AN O RNase H D172 5 X125 > T mRNA B3 S
%o E72, premRNA LB T D &, AT T A T TV USH

-
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Fig.1 Targets of oligonucleotide therapeutics.

BEIEN T, REZ NI EORBEWMATY, HRetts
PRI EOEEZRINLIZY T 25, siRNA DHAE, F7
DEAHHIRL P T RNA-induced silencing complex (RISC) (ZHX
ViAEA, FHROFEK L 725> TW % mRNA Z Gl 2%,
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Table 1  Classification of oligonucleotide therapeutics.
Antisense siRNA CpG ODN Aptamer
Structure Single-stranded Double-stranded Single-stranded Single-stranded
DNA or RNA RNA DNA DNA or RNA
Length 13 ~30 20 ~25 ~20 26 ~45
mRNA Protein
Target RNA Protei
arge pre-mRNA m (TLRY) rotemn
Mechal}ism mRNA degradat.ion mRNA degradation . Activ.ation of Inhi‘bition qf
of action Splicing regulation innate immunity protein function

—75, 16 fhHOMBREIRLO S H, 2 dhHA CpG ODN

ETTE—ThY, ZhbiEZ RIS L TE
T5H5HLDOTHD, CpG ODN DA Toll-like receptor 9
(TLRY) IZH#EA L, BB LZIRIS(LT 57 Y a v b &
LT 6L, T2~ —0DBREI, EHhmy I8
REH R BITHER L, XD & 2 IE
Do

1.2 774<—

TTEw—IL, WETDHEVIEHREEFD aptus & AV
I~ —ORIE mer X HDOETEHETH D, 1990 £
Ellington & Szostak @ 27 /L —=7"&, Tuerk & Gold ® 7 /L —
TN & o THIE &7z Systematic Evolution of Ligands by
EXponential enrichment (SELEX) & LI (ks 7T
FHITFEIC Lo TER SN D2 2004 F120E, 7 A VAR
fhEIE SR (FDA) 124X Y Macugen & Ko7 74 ~—
DIMERSEBEZMESE (AMD) ORI E LCRRA Sh, 2008
FITFEETBHE THLR TSN TVD Y AMD i, #EED
HFLEIC & D EBED M 7 EOJRIKTEMET 2 & T, M)
FOHLBKRITTRZIEY, HANRDRALTRZIZ L
OIEREZRZTHRETH Y, ElnE ORFPHENME T OJR
Lo TG, EHOEHITRE Z2MEHEICL > Tl
Z 5, Macugen (% 27 %D RNA 774 ~—Th DN,
AMD DJFR & 75 T 2 M NI E5ER 1 (VEGF)
WZHEA L, 20T E2M2 21EREFZ S o,

T~ — IR, RROFRE Ao TWD H oy
BFOSFEEZTRIRL, mOBRMESfFREE2 S > TS
TAHETHEREERL LETWS, £, {bFEKICk - T
BETEHZ 0D, MK 2 N CREFE LS
TWEX YT 4 & ERHFIFFENTWD, BifED L Z
A, ERfbsniT 72~ —EEMITX 1 MBOHRTH DN,
FREY & R 7 BTk U CRRBIERERL Ka 75 10° M LU T DR
WCIRWRESREE L ObONELL BV, IREESCBWIELE L
TORNRT vy VLo TND I ERALMNITRST
W5, 50 EH LI, T H—EEMEYDENICEHRET D
72 D HIR BT OMEL 2 BEEIS, 77~ — DS,
HEERMTF 2T L, 2D REb EIlT S ¥ ~—
DFRFZRLTND, AT, EOIHEIZ SV TRER
T 2%,

2. ITC fi&%7

SELEX £ T, BEAIMRITIC & » TER & o X7 BITHE
T HEEDT 7~ — O EEHINE LR D0, FEE
BPNWT T E<w—bbhERN b 0L HY, T E~—0
FEAREDFTMICIZANL—T"y hOFEWER 7T XTI

(SPR) N —fRHICFIH ENTW5D, SPR TiE, fAHEE
TEEL kon 33 L OB BE IR kot ZFRAT L, 7 74 ~— LAE

AN
=
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W& 7 EOMAENERCBIT S Ka 2 62T 5, —7,
EREER I e Y A Y (ITC) TiE, SPRICH~AS %L
OREPN VI 72 D8, Ka DT, =2 X L —21b AH,
T hr =2k AS, BXWMbERERL N ZH LT
HIENTE, TTH~—DFEE AN = X LOMEFHIITE
BRFIEThH D, 7T E~— LB R TE O ITC fi#AT
DEZESRBLOT v Fa/WIHk 712, 777 ~— EEH
&R B O ITC T ORI LR S ICE L =D T, &
HN =72 & 720,

2.1 2HEHMEELREESR V/\VE AMLT IZHEE

B7 TR —DEF

Acute myeloid leukemia I (AML1) (%, &M O > BIC
BEbOAEERTTHY, ZOBIBTOERIII > TEMEE
BEME IS (AML) 2AETDHZ ERNMbNTND, EH
5%, AMLI @ DNA #%A KA1 > (Runt domain; RD) (Z
% LC SELEX B =17\, @BlFtEDT 7' 4 ~— (S4-S)
OEFITHEII L TE Y, AML OIRERSCBMER L 25 2 &
DR SN TN D, S0 £ 72, ERAILE (NMR) f2HTIC &
D, S4-S O RHEIEICIE, ZL—T EHLNI3 DDRT
LBNHDHZEEHSMILTNS (Fig2), 1012
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Fig.2 Secondary structure of RD binding aptamer (S4-S). Lines
and dot indicate base pairs.

S4-S (Zxt9" % SPR fi#HT (300 mM FEfE Y U o ADSA{E)
DOFER, S4-S & RD @ Kqi3f90.03 nM TH Y, 1ZH) DNA
(Runt-binding double-stranded DNA element; RDE) (Kq =10
nM) (ZHAT S4-S 13300 (5 m WS GRER < L7z (Fig.3).
S5, EERE (UM ElED U v L) OSMT SPR fE#NT
Z#47-72L Z %, RDE & RD O AEEMZHBRIT S Z Lix
T&EMRhoTm, —J7, S4-S & RD OMAEMEMIZOWTIL,
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Fig.3 SPR sensorgrams of RD binding to S4-S or RDE at 298 K. (A) RD binding to S4-S at 300 mM potassium acetate. (B)
RD binding to RDE at 300 mM potassium acetate. (C) RD binding to S4-S at 1 M potassium acetate. (D) RD binding to RDE at
1 M potassium acetate. This figure is reprinted with permission from Ref. [9]. Copyright 2016 American Chemical Society.

(A)

-0.2

04 J
.06 |
-0.8
-1.0 {
-1.2 4

ucal/s

1.4

-10
-20
-30
-40
-50
-60
-70

kcal/maol of injectant

Fig.4

S4-S/RD

[T 1“ ﬂ

0 20 40 60

Time (min)

S

0 0.5 1 1.5 2

Molar ratio

60

(B)
0 T [ -"“f(' ““h""‘f‘ ‘\ﬂ(“r\"‘“"““*‘w‘w‘“"*
02 | ' l f
04 A
-06 A
-0.8 A
1.0 1
1.2 A
14 . :
0 20 40
Time (min)
0 4
-10 A
_20 4
-30 A
-40 A
-50 A
60 A
-70 T T T T
0 0.5 1 1.5 2
Molar ratio

ITC data of RD binding to S4-S or RDE at 298 K. Titrations of RD with (A) S4-S or (B) RDE were performed at 300

mM potassium acetate. Top panels show ITC traces and bottom panels show integrated heat values. Data were fitted using the
one-set of sites binding model. This figure is reprinted with permission from Ref. [9]. Copyright 2016 American Chemical

Society.

98

Netsu Sokutei 50 (3) 2023



BT 75 ~—L 2 =0y s OMALER OB ) AT

FEANTL o720 (Ka=3.5n0M), B &L TV
ZENbrots, LG LREHCER T2 L, 300mM
R U 7 DD SIS T kon 2589 1/100 /NEL 72572
B, kottlXEEAEEDLLRNZ ERBELNE RS T,
WIZ, ITCIZ L A AANERfFNT 21T > 7= (Figs.4,5), RD
IZH LT S4-S HDOWIIRDE ZHELT-EZA, Ebbh
FEANBR NI, WEMRLY, RD & S48 BILURD
& RDE OfEAHIZEL LS 111 THAHZ ENbholz, &
52, AHIZOWTIX, RDE OfE4S (—25.5kcalmol™) [Tk
AT S4-S DFES (—56kcalmol™) DN KRERENTHD
ZENHLMNE IR 5T, CHE GUEHREE XN/ Ke) 731000 X
D REWW, curve fitting DREFEAE L, S4-S D AS (T4
EhREHEILTWVDN, S4-S DFEAFIZ LD TAS 1345 keal mol ™!
T&H Y, RDE OFEAIC & D TAS 13-15.7kealmol ™! TH 5 =
ERBLMNE T oTn, £, EHGIERDE L OBAIEIZ K
DAHAEAERMBNT 21TV, IEfEZR TAS 73-42.5kealmol ' Th
HZEERALMILTND,? LLEOERI S, RD KT
% S4-S B LU'RDE OfEA1E, & bllm 2 —EiET
BDHZERbho7 (Fig.5). S HIT, S4-S A RDE X Y i#
WISAREZ R~ TOIL, FEFWICRE Rz 2 re—2(kick
HHDTHDL T ENbrol, —FHT, = hrbE—%1L
%, S4-S OFEA TIZ RDE DBAICH AN TIEFIZKZ 2o
Tro RERTUZNVE—Z(LN, MHAEERIZAFIZIZZ S
xr bt —ZbzMETHI LI2L>T, S4S & RD
TR EE T2 BN E T,

AG

n
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Fig.5 Comparison of thermodynamic parameters for RD
binding to S4-S (gray) and RDE (black). This figure is reprinted
with permission from Ref. [9]. Copyright 2016 American
Chemical Society.

RDE D#EAICEHAT S4-S DFEAGD N KRE R AH T
Hol-Z &b, S4-S S RD ISkt L TIER IR iER
HODIE, S4-S A RD IZHEAT HBRZ RD ONRREEIC
T4y bTDEOICHRMICES L, RERKE/BEC
Ty TV LV ARER IR ENTER SN TVWD Z ENE X
Hib, £72, RDE OFEAICHART S4-S OFEA D HFNK
X7 TAS ThHo7=Di, S4-S & RD DFEAIC X AAEEF
Ty hpb—f i En s ba e —, HAWIm D
T hab—ONNI LD EBEZLNDD, —IZRNA O
SRIEEIL S ORI BIZHRTEL NI END, RD I
AT A LI AMED Y P E—0RD RN KE R TAS
DOFRFNZ > TND EEZTWD, EBIZ, S4-S O NMR
fENT 24T D &, Bl — T % P IEEE DR D K
TN EDIRBEINTWD,

SPR i #r & ITC M OFE RN G, EH SI13RD X H 72 S4-
S OFREBETNEE X T=, EERE CHEHEEH /NS
DT ENG, BHEOYHBMETIEL, RD OIEEM & S4-
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S DABHIZ L D2EHEN LR EFERIC L > THREPEZ 2,
IHIL, = hr =R RENT &G, R S4-S
1%, induced fit IZ & > T RD O AKHEEIZ A DE S L 510k
GT D, TORBRICL > TEL DKRBR-ERS T 7TV
T — VATEADR I N D20, =2 e —B R K&
<, MREENIEFICELS b &2 bND, BE, ZOMA
ERET NV EZHONIT D202, EHLITESERD X #j
A e E AR 2 R T B,

-
—

2.2 GRETOTY UGG ITHET BT T2 I — DR

b R IgGl DEFHENLTIH D Fc KA A > (hFcl) I
FEETAHRNAT ¥ ~— (Ka= 10 nM) BMEELINLT
W5, B PFrREIRS O EFEIZB W T, hFel AT 5
Protein A Z [# E{k L 7= BHIE 3K BLAEH STV 528,
DT 7T H~=—F Protein A IZfkDBHbDE L THIFSNT
W5, ProteinA %, MOAEMEOFURITHEET DI LD
JNNEE =2 FFON, 20T 7 Z<—Tk F® Fe kLT
DHFEE L, EFITEVFFRMEZ o720, thAEwREOH
EORANEBFSZ EMTE 5, £7-, Protein A BHEN HHT
RERGL ZEET DRI, BEICT 2 0ERD 5720,
PUENEMELTLES 2 &b %, LarL, 77 ¥ ~—Ht
NEDEA, Mg dh DU NE Ca¥t & & te el THURE KN, % 4%
BEERE, = F LYV 7 I CUEREE (EDTA) 2z T
PECIAHT 2 2 LN TE 5720, FUENEMELTHRIEL T
LEIHZEidRwn,

EEDLL, ZOTTH~v— (fC,fU;C L UDYR—R
D 2'(LIL F{EAf) & hFcl O A IRORE Sl 2 5 fRhE 2.1
A THBEMZ L (Fig.6), >0 fEfbfEiEn 6%, Ahoh
FA L THD CatNT S H~—DV UEREREFEERL
T, hFel TR LT=T7 F 2 ~v—ofEL2 e LTS =
ERHABEMNE ST, Ca¥? BN EDTAIZL Y FL— D
LT IE—DRERRED KD D RN LN E 2o T,
F72, hFcl D32 KB DI NV % I VFEEE (GIn342) OfI8H
T T A —=BHAEERH LT Z ERbhotz, Z0
GIn342 13t PO IgGLIZHBMR T I /B TH D Z L b,
Z® GIn342 &7 7 &~ —OMAEERDERREEIED R
ThHdIENRBEINT, E5IT, RO hFel Ot %G
LHEET D L, BN L T A~ —L DEAEICR-oTh
hFcl OBEIXIFEAEZIL LN EBRHALNE RS T,
— 5T, BIROT7 7% ~—0 NMR i b, wiRh <
T T H < —DIMAEEEITIE D VTS Z EOVRIBR ST,

-
—

Fig.6 Crystal structure of the complex of hFcl and the aptamer
and secondary structure of the aptamer. Electric surface of hFcl
is shown (Blue; positive, Red; negative). The aptamer is
represented by ball and stick.



1> T, hFcl DEVMEEDRMEICK HNNT T H~—RN7
4> M9 5 & 51T induced fit DL E TNWDZ ERRIEBE
7o E72, 1gGl IR A 2 v /X E TRV, ke
RENWT T EZ—=PREALTWDLZENHALMNE ol
IgGl &7 7 ¥ ~—DOMANERZ ITC T LT L 2 5, %
BNBl S N7z (Fig.7), MEMBEN S, 2RO IgGl
W TOTTE~—D0/EL, =¥ N E—BEEOHA
ERATHDZ EBNHBMNE o7, HiRD RD ICHEART S
T Ew—LEERIE, K&z Z =2, R
T b bEMETI L ICE o THAT N
Honerole, ZOHEHEKRT 7%~ —7%, induced
fit (2L - T IgGl ONAEFEEIZADED L IT/EAE LT
LHEFEZLND, EHEGIL, Zok ) REREFNEE
W7 7E~—DORFETHDH LEZTNAD,
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Fig.7 ITC data of aptamer binding to hFc1 at 298 K. Top panels
show ITC traces and bottom panels show integrated heat values.
Data were fitted using the one-set of sites binding model.

3. MtEIAEFZRAV-HAE/FREN

EH DI, TS E—IMEN TR EDO X IGEER UEAT
DN, FORFAT =R DEFHFULAZ L VP BNCT S 2
LEHATND,

3.1 ISTAVMYFHEHE

T 7 A My TEE (FMO) T, HTFE/NShT
TR NIHEILTHET S Z ET, ¥ U0 B0
7 EOAEEGTICHT DR TILEFHREZRRE S L2 T
HETH B, FMO R TIE, 72RO 3L —%
BEREEHETE 520, 7772 MNHOHELE
H =% /L ¥ — (Inter-Fragment Interaction Energy: IFIE) % &t
BTEXDHILENREREEMTHD. V2D IFIE ZHNE 2
ET, BT OEEOHAMEOMEER =R VX — %55
T&%, EbIg, ZOMAEEHZRAVX—IL, #HEL
Ty TNV AT OE TR F — I E L CTE
5L TED, BTLFHETHSD FMO HEILFHE
BENE L, AEBSTOSEEE O RICEE2KERE
R CH-7, n-nMHAEERZEOSTRMAEIEREZIELLFE
322 EnTE, STRMEEHROFITFIEE LTl
Thbb,
HEELITINETIZ, 20 FMO HEZGE/ a7 Y v

100

B

IgGl @ hFcl fEIRICREET 57 72 ~—lZxt L CEMA L,
TIEw— L Z O THD hFel LT 6<
oy M AR ZFERNICAET L C& 72,1 FMO FHEIZE
FBT7T A NEITIE, T A —%X I LAF RE
NTTZIFGTAL MIHEILED 2T, 512 T R—%-5-
U UBERML) & THRESEAL) o 2 SO aEILL, F
77, WFel 7 I VBT LIZT7 57 Ay MIHEILEZ, Zh
Wk, 77X ~—& hFel L OMEMEREZ, [V R—A-5-
UV UBREL—T 2 R, BIO HEEEN -T2 R &
WO MAATRD D Z LM TE B,

£, TS E~—L hFel EDOMAEEREZ, 774 ~—D
X7 VFF R LI LT (Fig8), TOR%E, 774
~—DTHFEBOTT v UEEE (GT) X, hFel &bl
MEEHLTEY, 772~ —OMAICEEREE 25>
X7 VAF R THDHI L%, HAEHZRALF—L VI E
BARBENSHLNETHZ ENTE,

S i B -
structura) motf | Terminal stem Iﬁm Buige }ﬁ;ﬁ
G, G: A Gi Gs| U]

Terminal stem

Stem-loop mﬁj
G Ce|Us|[Cu Cut G A Au Ass Gis Gl Au| A Coo Uni Cax Cos

0.0 """-HU uuuuuuUU“UUUuun

Interaction energy (kcal/mol)

Fig.8 Interaction energies between each nucleotide of the
aptamer and hFc1 using IFIE analysis based on FMO calculation.
The gray bar indicates electrostatic interaction energy and the
dark gray bar indicates the van der Waals interaction energy.

WIZ GT OALT DHEEAER %, AL D & ICFHMIZARET
L7 (Fig9), ZDFEE, GT DV U HEk L Lys340 & O
AAEMIF-133.4kcalmol ' TH Y, ZD 5 HLEENITHY T
HREAEA VX —IL, —128.8 kcal mol™! TH-o7-, G7
DU UEEEL L Lys340 OICITZ S FHENICE D51 H
T, T —OfRAOREN ) & 72D LRI D,
Wiz, X"—=RA7 Y v 7L LD GT I L hFel O 7
I BEREEE OMAEREZRNT T2 & G7T OB,
Arg344, 3 L8 Serd03 & F41E41-18.0 keal mol ™!, B X
—15.3 keal mol ' DM EAEHA = RNV X —% R LTz, ZOMEAE
VERIE, GT HLZERNAL & Arg344 OIEH, 1 X O Gly402-Ser403
MO EHO I VAR = )VEESE & DAFZEREES DOERICERT S
bOLEZOLND, £ GT WAL, Tyr373 OMIEH &
R-TAX XU T EERLTEY, 77TV T—LRAT]
WICES AR = L F—F-52kcalmol ! Th o7z, &
HIZ, GTHIFEHAL & Gly341 & O E/EA = 2L ¥ —3-1.9
kcal mol™! TH VY, Z ik G7 HEILHEAL & Gly341 DOKFER
F& O CHn fHEAERICEASLS 77 0 F LT — LA S TH
LHEBEZOLND,

PLEOfENT & O hFel ICHEAT 57 7% ~—I%, GT X7
LAF RO U BRI & Lys340 & ORWEEHICL > T,
G7 WHRDOX—=2 7V o THEENER I, 777 ~—I%
hFel D5y 72K & OIS EERBRAE#ELE L S5
ZLEMTEDL, TN XK - T G7 HIEERNLIX, hFel O 7
L RRA R THIMEAEN (Arg3d44 OfilgH, B LW
Gly402-Ser403 [ D FEHHD B VAR = )VEESR L DKFBREE,
Tyr373 DIgE L D - n HEAEH, L Gly341 & D CH-
T ABEAER) 2RI DI ENTE, TOMRET T4 ~—
ITE OB & B RMET hFel SfEATH o EmTE DL
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Fig.9 Interactions between base-
flipped G7 nucleotide and each amino
acid residue of hFcl. (A) Important

Lys340

Ribose-5-phosphate interactions of the G7 nucleotide in
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-50.0

-100.0
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O

aptamer. Thin and heavy dotted lines
indicate electrostatic interactions and
dispersion interactions, respectively.
(B) The interaction energies between
the ribose-5-phosphate and base

group of the G7 nucleotide and amino
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acid residues of hFc1 within 3 A form
the aptamer, respectively. The gray
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bar indicates electrostatic interaction
energy and the black bar indicates the
van der Waals interaction energy.
This figure is reprinted from Ref.
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REEND, ZOXOHIT FMO FHEEHWS Z LT, Kb
RIS < PEBERE 720 IR+ 5 2 & N8 L WH A
Ef%Z, =X F—L VW ERNREE LTRITT5Z &
NTED, FMO #HEIZE W E 55 hFel & DFRA)72H
HAERAD DX, 77 H~—OfEICHE) = 2 Ve —21b
BT ERESDZ ENTE D,

Lys340
Gly341
GIn342

3.2 NFEAEHE

FEH HI1IT S ¥ ~—& hFcl & O AAEH O, FMO
FHROMIZ ST B 15 (MD) §H5Z2 V=T © ) 41
ATV D IOMD BRI, WEREERT 2T NENOE T
IZOWT=a— b EE F R EBEMIC#EL Z ticky,
AL, HE, ZFAX—REORTRE<EH (FF7 Y
7 N —) BT HETHD, MD FHRIZEVELR
T hTVs MU= DL, fEEOREEREL EITo0n
TOBREEDLZENTES, O

T TCEE DT, EWS T TH D hFel A LTV RN
fRBEEIRRE D T 7 % <~ — (free form) & hFcl &fE& L7 kmE
DT 7 4 ~— (bound form) DIEIEDFE D & MG D2 ENE
WCOWTIRIT T 5 7=0, 774 ~—BKOE x5
MD & &, 7 7% ~—7% hFel ITHEA L= A EMEIC
x4 5 MD #HEETT 72,

Fig.10 (%, free form & bound form O 7 7' % < —{Zxf9 5
MD HEDOK F TV =7 FU =i LT, FoFEEiEs
T LR L7cb D Th D, TORFR, 77 ¥~ —DRAT
LI T, free form [ZRB W TR S TV 720 £C23

-free form -bound form

fc23

Fig.10  Snapshot structures during MD calculation of aptamer.
(a) overall structure of aptamer, Close up view of (b) stem region,
(c) base triple region, (d) bulge region.
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Tyr373
Leu398
Gly402
Ser403

L A2 DAK X7, bound form TITEK SN TN D
(Fig.10(b)), 7 7 F =—D_—Z ;U 7 /L4EkIE, bound
form TIZZ DEEDPHEFF SN TWD L DD, free form Tl
JERL SN TV eh o 7= (Fig10(c), ~ /L PHE I, G7 &
fC8 D AKX v X7 N, free form TiE, Tk L CEHE
IZAZE LTV A2, bound form T, ESITK L THTI
AL LTz (Fig.10(d))
ZOEOICMDEEEZHWS Z LT, ENSTEORE
WD 7 7~ — OB E OB E, T LoV Tfif
Mg 22 &NTE5, MD #HEICIVITCE LT X~
—DOREEF AT I T ANSIE, TFL~—DFEEICHES =
Ve 2RI T A REES LN TE D,

4. BBy

AL TIE, BRT7T 74 ~—LZDX—4 v Ny1 D
HAER OB ZEHRITICOWT, EHLPIMYAATND
fEATIZOW TR LTz,

AGRSUTHENTORIR & LT iR T 7' 4 ~—1%, BRI E L
TEWRT Uy VERFFOL OO0, EIRWEISHT A0
1L, 7FH~—O5 IR L=Y, e L= 3 57-0
WACAHERMIE L 7> TG, L, ZOEAERT, 1 7%
FEF oM L OB ATEEZ TIN5 &0 ) I T8RE T T
THY, ZRAaX L EREPESLINTND, £ZTEEDL
%, 7Y~ A LB OB DU T SPR TR
ITC f#HT, NMR fif#T72 ESHEENMT LTS, Bilo, 774
~—CIFERIS T & OFAAER OMATIZ, SPR X ITC 72 & DEL
TR RSN 2, FMO 3552 MD #E72 Y OFE
(BRI L DINTTEERY AND 2 & T, 77X ~—DO3IK
WiECT 4 ~— L X7y Ny TEOMEERET &5
AR LT3, TLT, TNOLDERE L LICT 74
~—Z AT D HEHAN O E R AT B,

W, 77X ~—%I U LT OBRERNLSER SR
TRY, TOHREEDTY, BEMEEDTZ0T529
Wi, BREERLOMEEZHONCT D Z LI ICEE
Thb, —FHT, ElEDO NMR T, B)Za0felr, 35
(LEZ K BIRNT DOBNT D 720 ONBURTH 5,

20 FFEOT X VBRI TR D X U BFITHART, 4
DR T LT R g DGR DR &Mt D 6130 72
WS, TEOKRRIE RIS IR & e bR B X 7 VAT R
NEAINTEY, ZhooPhEEsHLNITHZ EOE
THIEE > TE NS UD



#

KEFEOWNEIL, EFELNT X2~ —DBS) 0N %
UM EHRAL 2 % & D T B LA 2R AT TR T e &
DD ThD, BRXIChbl) T E2~w—IZoNnT I
BN 2N S 4 E R RORRER), e dn 718t
GEEERSIN AT & —) 1ED, %< OILFFFEE IR
L LETET, 72, 7TFE~— ORI ITRE Y
< B ALA T N Rl GRRRS) I L
T BIC, AFERRZHRET OB 728 o 2 a1
K (A7 R U 2S4H) IE#H = LET,
ARFFED—ERIL, BHAFE (21K12129), IST bIA4 77 b
(JPMITM20KM) DOBFZEBIEIZ L 0 s S E Lz,

X

1) B EESELEAENT BB FERRR—L—
< https://www.nihs.go.jp/mtgt/section2.html

2) A.D. Ellington and J. Szostak, Nature 346, 818—822 (1990).

3) C. Tuerk and L. Gold, Science 249, 505-510 (1990).

4) E. W.Ng, D. T. Shima, P. Calias, E. T. Cunningham Jr., D. R.
Guyer, and A. P. Adamis: Nat. Rev. Drug Discov. 5, 123—-132
(2006).

5) A.D. Gelinas, D. R. Davies, and N. Janjic, Curr. Opin. Struct.
Biol. 36, 122—-132 (2016).

6) Y. Nakamura, Biochimie 145, 22-33 (2018).

7) R. Amano, T. Furukawa, and T. Sakamoto, Methods in Mol.
Biol. 1964, 119128 (2019).

8) T. Sakamoto, E. Ennifar, and Y. Nakamura, Biochimie 145,
91-97 (2018).

9) R. Amano, K. Takada, Y. Tanaka, Y. Nakamura, G. Kawai, T.
Kozu, and T. Sakamoto, Biochemistry 55, 6221-6229 (2016).

10) K. Takada, R. Amano, Y. Nomura, Y. Tanaka, S. Sugiyama, T.
Nagata, M. Katahira, Y. Nakamura, T. Kozu, and T. Sakamoto,
FEBS Open Bio 8,264-270 (2018).

11) J. Fukunaga, Y. Nomura, Y. Tanaka, R. Amano, T. Tanaka, Y.
Nakamura, G. Kawai, T. Sakamoto, and T. Kozu, RNA4, 19,
927-936 (2013).

12) Y. Nomura, Y. Tanaka, J. Fukunaga, K. Fujiwara, M. Chiba,
1. Iibuchi, T. Tanaka, Y. Nakamura, G. Kawai, T. Kozu, and
T. Sakamoto, J. Biochem. 154, 513-519 (2013).

13) S. Miyakawa, Y. Nomura, T. Sakamoto, Y. Yamaguchi, K.
Kato, S. Yamazaki, and Y. Nakamura, RN4 14, 1154 (2008).

14) E. Inomata, E. Tashiro, S. Miyakawa, Y. Nakamura, and K.
Akita, Biochimie 145, 113 (2018).

15) S. Sugiyama, Y. Nomura, T. Sakamoto, T. Kitatani, A.
Kobayashi, S. Miyakawa, Y. Takahashi, H. Adachi, K.
Takano, S. Murakami, T. Inoue, Y. Mori, Y. Nakamura, and
H. Matsumura, Acta Crystallogr. Sect. F Struct. Biol. Cryst.
Commun. 64, 942 (2008).

16) Y. Nomura, S. Sugiyama, T. Sakamoto, S. Miyakawa, H.
Adachi, K. Takano, S. Murakami, T. Inoue, Y. Mori, Y.
Nakamura, and H. Matsumura, Nucleic Acids Res. 38, 7822
(2010).

17) K. Kitaura, E. Tkeo, T. Asada, T. Nakano, and M. Uebayasi,
Chem. Phys. Lett. 313, 701-706 (1999).

18) H. Yoshida, K. Sato, T. Ishikawa, T. Sakamoto, and K.
Yamagishi, Chem. Phys. Lett. 738, 136854 (2020).

19) AHIE—ER, BIREM, & HHEE, 8IES, A)IES,
WARR—, WEEF, J Comput. Chem. Jpn. 18(5),
208-210 (2019).

20) Computer Simulation of Liquids, Oxford university press:
Clarendon Press (1989).

21) H. Minagawa, K. Onodera, H. Fujita, T. Sakamoto, J.
Akitomi, N. Kaneko, I. Shiratori, M. Kuwahara, K. Horii, and
1. Waga, Sci. Reports 7, 42716 (2017).

G

22) S. M. A. Rahman, S. Seki, S. Obika, H. Yoshikawa, K.
Miyashita, and T. Imanishi, J. Am. Chem. Soc. 130, 4886—
4896 (2008).

23) M. Kimoto, R. Yamashige, K. Matsunaga, S. Yokoyama, and
1. Hirao, Nature Biotech. 31, 453-457 (2013).

i &
Kenji Yamagishi
E-mail: yamagishi.kenji@nihon-u.ac.jp

PR
TR F—
Taiichi Sakamoto
E-mail: taiichi.sakamoto@p.chibakoudai.jp

Netsu Sokutei 50 (3) 2023
102



