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Synthesis and characterization of artificial nucleases and modified siRNAs for gene expression

control
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In this doctor thesis, the synthesis and characterization of artificial nuclease, which is used for
the study of genomes, and modified siRNAs for gene expression control are described.

In chapter 1, I describe the background and purpose of this study. There are the regions that
remain to be clarified in the human genome, and it is considered that some of the regions include
important genetic functions related with gene expression control. In order to elucidate these genetic
functions, a gene knockout mice and a gene knockdown approach have been used. To develop
efficient functional analysis methods of genes, artificial restriction enzymes for producing a
knockout mice and modified siRNAs as gene knockdown tools, have been investigated.

In chapter 2, the cleavage of plasmid DNA by 1,10-phenanthroline-polyamine conjugates
for the development of a small DNA cleaving molecule is discussed. I synthesized the conjugate 1
containing two phenanthrolines groups and the conjugate 2 containing three phenanthrolines groups
as 1,10-phenanthroline conjugates with tris(2-aminoethyl)amine. Both conjugates cleaved plasmid
DNA in the absence of a reducing agent and any metal ions under physiological conditions. Further,
the copper complexes of conjugates 1 and 2 also cleaved plasmid DNA in the absence of a reducing
agent under physiological conditions. In the absence of the metal ions, the conjugate 2 showed
higher DNA cleavage activity and higher DNA binding ability compared to 1. This suggests that the
high binding ability of conjugate 2 resulted from the higher cleavage activity. Also, the cleavage
rate is competitive with the previously reported molecule. It was found that the DNA cleavage by
the conjugate 2 proceeds mainly in a hydrolytic manner from the effects of pH and activated oxygen
scavengers on the DNA cleavage reaction.

In chapter 3, chemical and enzymatic synthesis of RNA containing the various modified
nucleosides at the 3'-end are discussed. Chemical synthesis of the modified RNAs was performed
with the solid phase phosphoramidite method to obtain them in high purity and to use them in
chapter 4. To investigate the effect of modified groups on the RNAi activity, siRNAs bearing
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various modified groups are required. Therefore, I propose the enzymatic method, in which the
modified nucleotides were ligated with unmodified RNA by T4 RNA ligase. The modified DNA
dimers as the modified nucleotides were easily synthesized by either solid- or liquid-phase synthetic
method. The modified DNA dimers bearing one anionic or neutral group on the 3'-terminal
nucleoside were ligated to RNA as efficient as a natural DNA dimer. On the other hand, the
modified DNA dimers bearing one or two polycationic groups were ligated with less efficiency,
especially for that bearing two polycationic groups. This suggests that the decrease in the ligation
efficiency is caused by the high-density polyamine.

In chapter 4, the RNAi activity of the modified siRNA containing the C-5
polyamine-substituted pyrimidine nucleoside in the 3'-overhang regions is discussed. It was found
that only one modification at the 3'-end provides high exonuclease-resistant to RNA. The RNAi
experiments in vitro show that only one terminal modification in the 3'-overhang regions is effective
enough to increase RNAI activity. This could be due to the increased nuclease resistance caused by
the modification. On the other hand, modifications of two nucleosides in the 3'-overhang region
resulted in slightly less RNAi activity than single modification. Two modifications in the
3'-overhang region might affect the RISC formation for its steric hindrances.

In chapter 5, I summarize the results of this study.

The small DNA cleaving molecule, 1,10-phenanthroline-polyamine conjugate, studied in this
thesis is more useful as artificial nuclease than the conventional natural enzyme. The modified
siRNA studied in this thesis is also useful due to its high RNAI activity. Additionally, I propose a
novel synthetic route to modified RNA bearing modified groups at the 3'-end.



(Fnar)

AREENL i SOV KR RE DAREIH S TUV 20 DNA ORFZEICFIH CTE A ALX 7 LT —8 &
BT I HLHIE 2 20 RA9ITAT 9 12 0 OER siRNA DAL & F DRI 285812\
FEOHLDOTH S,

1 ETIE, AFEOE R L HIICOW TR, b b7 AT E PR RED iR &
NTORWEIERDAH Y . ZOHIITBE FREHEICELIBEELBEFbEEND, =
OB OREREAIZIE, FFEOBELTE /v /7T U RS~ REHWDI N, D
WE, B rE /) v I XU SHT, T EIT O, K0 RERNREE T OBRERENTIZ I,
J 7T U v U AOBEIZLE 7N TR TR N THIFREESE OK5r 1 DNA Bl
WAL BER &N D, FTo, RN RBIE D v 7 XU AT, TEED S MES siRNA O
BRNEEND,

%2 T TIE, K51 DNA GIWRTALOBR O 7-912, 1,10-7 =F > br > —RY 73
YHEARIZE DT T A R DNA OB OMEHISOW TR ~7, 1,10-7 =7 hr U R
V7 IVEAERELTUE, VA Q-7 /7xF)0) TII7=Fr a2 o0tk
A LEEEELE3O/A LIEEEER2 26 L THW ., WL OES K S AR S0,
L4 g 72 O NETCHIFEFE T TT 7 A FDNA 20 L7=, 72,1 &£ 2 D0 ho
HAsEAR G . EBAOSRME. BOCHIFEFE T T 7 A2 K DNA 20l L7=, S4B IEFrE
TTIE, HAK 21T 11T~ @V DNA ~DOFEAHe & DNA UIEMEZ R LTz, U@
AR 2 OFEWFEGREN., BWEIFTEMEEZ L6 LI Z 2R LTS, SHICEAIE 2
ZRWT, ZOUIMHEMIC MIETIEERRERE A X P Y — ORI ER & FONAERD pH
KIEPE R Rt LT, T ORER. BAER LN OSSR, MAKSHEEIIC DNA Z ik
LTCWDZENgmolz, SoNT-HEAK 2 ORIGEEZ Bii-7-& 2 A, ZDORIGIERE
2> 5 BEHR D DNA BIWr 70 1-ICVCE T 5 m W EIEE 26325 Z L 3o T,

5 3 B CIL, 2R ER RNA OBZ A HIE L T, 3-KIRICHx OEMiX 7 LAY R
&t RNA OILARE, KON BEEE AW TG BIEIC O W TORGHERZ IR~ 7, (Eff
RNA OALFEERIE, BEHARATT I XA METITW, BMECHENMERDL Z LN TE
7oo 15 DAV ER RNA 1355 4 FC, RNAUIEEDORKRGHIH W, L LR s, Effiko
RNAIVEPEIZ KIETRR AT DG E IR LR R EM AL R > 7 RNA BB L 72 D,
ZITBEERAWETEEBR L, ZOHETIE, RIEMO RNA LB Z & Lo
DNA % T4 RNA U H—EB TH& LT, B LT 540 RNA 2155, %8 DNA & L TH
W5 ERT DNA 2 SR, BEFEERREE A BIED W T TH A THE Td -7, T4 RNA
U A—PIZLHE/i DNA 2 KL RNA DT A 77— a id, FIEB I OT =4 ok
REMERZ 3K X 7 LAY R EIC—DFF &l DNA 2 &R TIIRARE L 1ZITRE D)%
Zotz, —J, RU BT A UMEORREN R Z R OEAITIIRME T Lz, ZhuidfEaiik
THHRI T I U NBBERICELET D EDICGHRENMET Lz B2 b5, £z,
Effi DNA2 EfAD X7 LAY RICHEEMR Z RO EICIE, 7475 —T a VPR EL



SIETT DI ENGnoTz,

W4 BT, 3-A— =TI C5-R Y TR UERE Y S VX T LY REE
TefEfH sIRNA @ RNAL IEHEOBRFT 21T o7z, Efi RNA O X 7 L7 —BIZxd LMt % i
NRTFER KA~ D 1 FHIEOBMX 7 LAY ROBEADATRNAIZHWEF Y X7 LT
— P2 5 TE 5 2 &R bhro T &R siRNA O RNAILIEM:Z in vitro 52 T~ 7= 4 5.
SIRNA D 3'-F— 3 — 0 FREI A~ DK 1 FEIER DS RNAL M ZFE LS M ExEs 2 &
Doymot-, Zhut, X7 L7 —BiMERm E L2 & T, M TO siRNA OFATFRER]
MEL 72D, RNAI IEEEZEDT B2 60D, —F, 3-A— = FEk~D K 2
FRIAEAL, 1 BB LY LIRERE TR 72, ZHUE, 3-A— "=\ FHEE D 2
DODOIERNS, T DNAREE D722 RISC FERICHE A 5.2 TWb EHERI SN 5,

S ETIH, AMEORREE F & iz,

AL T, NLXZ LT —PELTLIO-Z=F > halr—RUT7 I VEASERNEHT
bHH Tl A RN THEIRIC CS-R U T R B VX7 LAy REE T E
SiIRNA 238 RNAL &2 "9 2 E AL Lz, £72. Fix D& siRNA iR A%
72 RNA O 3-RIg~DERiIX 7 LAY ROBATIEEZRT I ENTE 2,



