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Asymmetric catalysis based on DNA/RNA scaffolds has been actively studied
and the field has consistently expanded. Our group has site-specifically introduced a metal-binding
bipyridine ligand and steric moieties into double-stranded DNA. In this study, we focused on the
potential of quadruplex-duplex (QD) hybrids to facilitate the structural engineering of DNA-based
hybrid catalysts. We devised modular DNA QD hybrids with a bipyridine ligand (X) and a hydrogen (H)
-bond donor moiety (Y) on the G-quadruplex core and investigated their conformation and thermal
stability. The QD hybrid-based DNA catalysts have been successfully applied to the asymmetric
Michael addition reactions. We also demonstrated that enantioselectivity could be controlled by a
spatial arrangement of a metal-binding ligand and a functional group in the active site, without the

inversion of overall DNA structure.
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1. WFZERRLA S HI DY 5

DNA %, ELEREEICIS U C AR IE 2 TO T DR A FE b e b, BE A T5 =
=— 7 IRERSGTTH Y ,DNA O _H L AMEL, RAEERICBITA2ARFRE L THEHND Z
ENTESH. DNA Z ARHFJRE T 5 RIGIE, 2005 4 Feringa H 23, #i4 5 Lewis BRI SIG %
AR L CTLk, HRMICHER 2 OTWAH. HEEHIX, 2010 LV Z OS5 Ot %2 BRiG L
(Angew. Chem. Int. Ed. 2010, 49, 3870.), DNA %[5 A 4 U 7 VRO R EICEET 5
LW LWar 7 ot 2 BE%E L7 (Biomat. Sci. 2013, 1, 1034, Chem. Lett. 2017, 46,1165.).
F72, HiE&E LI DNA OV UIRERICE B DU AD X D e ) o — A AT S L
WO AV DT NVDOTFIEEMESL L (ACS Catalysis. 2014, 4, 4070.), DNA /~A 7' U » Rl % BA%E L
TW5 . BURIIIZIE, 4 F W Friedel-Crafts 7 /L X MU ISIZIBWTELER A o R— L iFE AL B
I 72BN TR 2 2 LTI L, 4 TRIAMECTH - 72IEMEEML O DNA HED AR F SIS 2
LEEBEMAL TS, S5, PEEEIIATHREREREZEAT D2 L7 < .DNA L1 4
DAEER DHTRE Dlels-Alder Bt & WD IRFE—IRFBAEEG ISP EITTHZ 2 RE L
(ACS Catal. 5, 2015, 4708.) . LLED X 5 ICHFEH 1L DNA Ak 2EN-Hili 2 G L Tk
0, BEfF DX X7 B SR, RNA R CIX R D8 LY A 7 O4ERESE & LT DNA & REEE
ZRRIEL TS, —5T, AWML SRS & BN IHEREE R - 7o £ £ TORMARREMES
e FEE P 72 & O KOS E TR Uiz N LA R EESE O BRI F NN EE 2 E CTH 5 23,
B Ry EEEFROYE, ENEEEZ RN RS, Thbba=— R0 el (T AT 4
V) WEEEEBT S L IImO TEHEL W, K7 2 A RS BT TRIED NG EEE L T
VW< LV ) bottom-up BERK IS, BLERFED 73 [N\ o
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1. DNA-based asymmetric catalysis

2. MEOBEH

AW, DNA O =— 27 72U O ARSI H kT 5 22 & 2 o#iEZEIicEE L,
ZOFHEREEERIET S Z & T, DNAGBEERZHE T2 2 L2 HIEE 35, WELEAMIEIX
K=° NaA A URE, 5317 T 0T 4 v 757 EAGREREE IR L CEINE LT D R E Fio
TEY, A v TF v T AIRERME S AT DGR T 5 2 ENHIFRFCE 5. AIFRIC LY, Amib
AL, DNA T 77 7 av— W) SR FIE 05 2 fh e U 72 2R3 0 e F e sk % B
L, RkE I8 2 B2 fr 52 L 2B

et A Prewous Work Present Work
A
ﬁ Duplex Quadruplex
T
Bipyridine-containing Small building blocks Bipyridine-functionalized
duplex-based catalyst G4 biohybrid catalyst

2. Design of G4 DNA-based catalyst

3. WD L

BRI 70850 & LC, 77 =0 K LESOHDNMZEE Y U UENL 07 X BBEEAL,
% I BB A A ORI EAEFIC & 0 s 238 5. 2hE7: DNA HAERLS & &8 A 4 > DL
HEDEEHELET L DNAGREBRE T AT 7V —%HEL, SOLR5ENERE - =2—T 1 U7
4 =D EERE LA ) —= T 52T,
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3. Construction of DNA hybrid catalyst

(1) 7= ESEEEEZERT 5 DNA A 7V v REORE & AR UESH— ARSI
A7V FEEAREET DR 28RS 5. B UM R AF DU A E AT
LHZlizky, JOEGOMNEEZHFTS. TSN TWD22-EEY Vr55-UHLVR Ry
HHELTTAXINY U A—%2EBA LT ) ~—BKEIT).

2) AVIXI VAT FOEK: B/ ~—%FARaT IXZA Mb L%k, HEIWAGABEIZEA
THZET, BEFLEEGEINCENL o7 RV BERT LAY AX T VAT ReakT 5.

(3) DNA A 7'V v Rt M DNA @i <o PR — At S (CD) 2 HlE L,
VU & W AAEEDIR Z BGEET 5.

(4) DNA % BG4 B A R F Ak L OB LS ~DIG T DNA O E S AT
HARFRIFICER L, R"E~A ZAMIKGEERAD. B AF VU 2EH A LZIUE SH A DNA
ENIUVEARER T LA T VA =B L L TCOIGHERARD.

4. WRFERCR

WESHEE AL e ) VR F 2 A LA ) I X7 LATF Feigt - Gk L2,
Cu(l)A A LA EDEDH T &L TDNANA 7Y » NEZREEE L7z, S7z, DB E R
MLV THERAZ T I FEO X S o= Tl 1 A  Michaol addi )

. R able 1. symmetric Michael addition reaction

hrdk e OMLERERT SV “H—28 | aissed by modular QD hybrid  catalysts
AU, TEMHEEALO STARER 58 2 Hil1H L7z containing bipyridine and functional moiety
EFUEAEW E LT ap-REafn 2-7 2 | conjugates.
A 7= (1a) &M\ T Tablel T/RL S
= F 3 AR RS AE T RS~ A 7 A . % . oo CulNOy), (4 mol%), N%
RIS%AT- 728 25, RiflexF v F4 @&ﬁj e S

5°C,1d

B THY (2a) BELN. ERK 1a 2 s
MO F U FARRETEE Y VR t "

o ol entry? conv. ee
[T (X) DU v H—DE SO :

. _ . .GCATGG-*X-CACGGT-3' .
PMCEALZZY THERRZT T3 1 2 omecixorcoons 4% racemate
REDOFRICKRELIKFETHZ &b 5 5.GG-3X-GG-3' 12% 39%
73> 7= Entry 8, Entry 10 TR L7 K 912, 3fa%mﬁ
EEYDUERMT L2 ) TEOMAE 3 eeoxoceccarm® “% 5%
DEIZED DNA A 7V g2 A 5-GG-*X.GECGCGAAGS . .
WIS, Wi ) o F AR A o 4 3-GG-*X-GGGCGCTTC-5' 24% 63%
HH%) 2a 35507, 5 5-GG-X-GGCGCGAAG-3' 53% 70%
ARBFSCHIV= DNA A 7Y o Rt 366-50666000TIC S

N D
‘jb s 7_ 7 5 5-GG-*X-GGCGCGAAG-3' 520 o5,
DOREE Z WREES 5 726, PRt ks 3.GG-*X-GGGCGCTTC-5' ° °
MHCDYEMIE L=, 77 =40 K LE ; 5.GG-*X-GGCGCGAAG-3' 43% 6%
FIOHLICEE Y VUL T REAL e
5'- A -3' o, o,
1277 = MEHBEDY &, K+A 4 8 3-GG- U-GGGCGCTTC-5' 7o% o%%
{F1E T C¥fi AT (antiparallel) A% i % o 5-GG-*X-GGCGCGAAG-3' 86% 6%
BT A Z ENER ST, 2 U T HEL A 3-G6-Q-GGGCGCTTC-S
= = s e . N 5'-GG-*X-GGCGCGAAG-3' o Eco
VAN NK%%JJJ;DNA/»f7JJ 10 GG U.0eGaOTTos 54% 55%
|
v RARBES [FARIC VAT (antiparallel) %4 y 5 GGAX GOCGCOAAG.S o o
g | 35 A R AN N e R (T R X i Ay 3.GG- Q-GGGCGCTTC-5' ° °

Hr(CD) & W R S 7z,



F7=, 7 /L DNA Z@E - FEH QD hybrids 3XP
s QD hybrids 3XU

{322 ETHLO AL T Y » N QD hybrids 3XQ
ZB%¢ L7z, Fmoc RCHR#EIN-T 3

4

Je D-A LA =) — L OME G % 2%
TV, EAF U UEREELEAN LR A °§
AaT7IXA bRk L. FAKR 2 2
TIHA MELTt, GBI ovsong o ’
HZET, e RAFVUEGLAY IX “Molar ellipticity [10% deg*M-*cm1]

JVAF R Lz (H5).

4.  CD spectra of the unimolecular modular QD hybrids

with the bipyridine ligand and functional moieties
EFIUEEME LTCT Y rar sy saXy 20T DF 4 — VA « TVE—RSEIT- 1
A& 90% D conversion, 95% D = F~ > F A HRIE (endo isomer) T H I35 H 7.
I, EAFTVUEBEALLMNELEA DNA 26 L, MBELISIZRIT 5 e ATV &4
EHOHA DNA OFREZ KR
ODMTr o} ODMTr O

FEL7=. ~3 /G4 DNA & —?”NH S § N PyBOP DIPEA —} N
NESI e s A W) oH mel\‘)” 1d[;';1,FRT H)j\'i:\[NL
(iR bk FE 2 LT ABTS 1 2
DEAUIOS 2 92 = & A3 L?
HHLNLTWD, ZHUEEL, ¢ pOMTr © Soitonace
B AT U AEME A A O N OPEA ,% """" )V\D ONA v _} *A[
O Fm 2
DNA &3 v O#a k% T RT e
WL F A —F L LT Ne
@RL:)EH %%ﬁ#f’_ Histidine-conjugated DNAs

5. Synthesis of histidine-conjugated DNA oligonucleotides.

OH Fmod

FEORER,  RAF VR E G~V /WUEH EE N 7Y FAEEX ABTS BRLSE %
EET 2 2 Lo To. —KIC, ABTS BR{bIS TlE, IUE 58 A DNA O{THEE (parallel)
DFNIOEATHEE (antiparallel) XV HIEMENEVMEIA N H 5. BBRENZ &2, SR L
b AT U AEGIDE 58 A DNA 1%, BOFATHEGEIZ S 20 63, ABTS BR(b S & ZhR L e ik
THRERNE LT,

N 0.05 mol%G4

& NS )—NN-(S © + H0, + TritonX100 0.2 mol% Hemin D\%
P $03 __O<mol% Hemin . <:
\/\5 4 mM potassium phosphale \@H

buffer (pH 5.8)

\\\

I (His-His), HT21.Na ODNS ODN 1818
I |:| [

: (H's His), (His-Ala); HT21-Na ODN 9 ODN 16/17

Absorvance a1 420 nm

Time ! min

we(His-His), we={His-Ala), ~HT21-Na ==ODN 9 == ODN18/19

6. ABTS oxidative reaction catalyzed by histidine-conjugated quadruplex—duplex hybrids.

SH%BIT,DNA &7 ) rarYar—ar LEARoEW AL 7Y v R+ 2AWT,
BRI AA AT VT NE L TUEHZRARS. FIZIX.DNAGRESRE T A 77 ) —2EE LT
FEDORIGZRIGT DA —H — A4 NRIGEEERZRE L, FEHW - BEFMOREHR T 2k
AZRESL LT, F o, AREEESH VN BRE G E R ONXT F REET AL E LT X -
DNA 2 Va7 = DTA T 7V —5EHE L%, DEEHICAEREE DS 2 5.
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