[2R2 sz

2 DY —FURS b

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo(@o)

Citation(English)

Type(English)

Effects of 2-N-heteroarylguanine and a -deoxynucleoside residues on
DNA higher-order structures, and synthesis of oligodeoxynucleotides
having triazolylphosphonate backbone

ooong

Takeshi Inde

Oo:00@o),

oooooo:oooooa,

O0000:00107360,

O00000O:20180 30 260,

goooo:ooog,

oo0:00 00,00 0oo,00o00,000,00 00

Degree:Doctor (Science),

Conferring organization: Tokyo Institute of Technology,
Report number:J 0 107360,

Conferred date:2018/3/26,

Degree Type:Course doctor,

Examiner:,,,,

Summary

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

(L3R

Doctoral Program

wm X EE

THESIS SUMMARY

X PP R ) . Mk .
> By,

Department of 7 ?‘Enp %Jr% %T_ 5—( Acaderric Degree Requested Dodtor of ( piiite )

PERA FI s fREZA () R

Student’ s Name © Academic Supervisor(main) =

feEHE (3D -

Academic Supervisor (sub)

g (F13C 2000 FFRE)

Thesis Summary (approx.2000 Japanese Characters )

DNA IZAERINCES, —HE WEHR CORmRMELZEKT 2 2 & THERNTOMEZRILT 5, TO7n, HIEEES
BB OFARE, BLOEN O OEREELR EVECH T 2 BB 28581, DNA OEE23 DNA B IKOHEREICH 72 5
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BrEZDHETEETHD, T TEHIL, BE/ T =V BEOETMEAME L TT I VRV Y, VIV, BTV
VBRI EEFTDH M EAV, TOEKESEEEA~OFEE " HE, T VAR SEE, 7 = EFHICOWTHIE L,

FZUwic, ~T a7V —LEOMEIZL>THELDL 200D R A— 3, closed-type B L Wopen—type I KA — 3
COREMNE DFT GHRICE D B Lz, ZORHR, "-C HEXERIC L E 7 open—type = V7K A — 3 ¥ QL EMEIXE i E
IZE o TRES B D Z PR ENT, DWW T, Buchwald-Hartwig GZAWT M OX 7 LAY REFEEREZAERKR L, iV
TARAFOT IZA b=y bBLOME2ERA) IX T LAF REGK LT, o4 ) X7 AT REHWT EHH
DL ENME A BRIARREE (1) RIEIZ L W RO T-FEHR, open—type WEETH D (M 2ELAY IX 7 LAF Fid kv i “wHel
BT D Z LA Lz, oEC, T VAR ZEEHOLEE THIEIC K 0RO ER, o2 = BB R (TFO) Ic &t
DNA = EHII KRB D & D & ik U CREFEIT 2 Z &R no Tz, BIc, (&8 Te /7 = U WESITERESNC & 2 & ki
TRk %z T EC L0 - L7-k5 3. open—type NEETH 5 (M2 G MESHIZRENIZL VL EREREEZEKTHZ &N
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REMEAVR STz,

E2ETIE, a—-TFTAFVX I LAY FEELT VF T VAR =SB OMNEIZ OV 2 T -, = EBIBAE
% (TFO) 124/ 2 45 DNA ICHEA L CZHMA T 5, 20 TFO (18I FIMECM R 2 72 E~DISHAA I S
TWD, ZOEMEINE GBI RANSRDIKFETY VEFINZRLNTWD, INE CTICRRIEEEZET D a-T A F X
I VAT RET F8T LRI TRO AW D 2 & TIHEMELS OJER BN RA BT E 20, 20 ZHEHZEESCEZREIC DN
TOWMBHIRFDTE o1y T2 TEHIT. a-TAXLTT /0, a-TAXRLITT )0, a-TAFVVF V0, a-T4F
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Too TORER, ZHE CICHREFORWEIEE 2 50 ZEHABR TR TH DL Z L2 A Lz, £/, MR ETH-7-=
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IHA b=y FEAWT, BOEHiZ 5 WTETe 2 2 B4 IX 7 LAF REAK L, 1-F 7 F L A FIOLINEE OB
A CIRRETRE CH D Z L2 R Lic, ZRHOFRERNS, MU TV UK AG3— b 2B O % 2R @ & T s i A
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Biological functions of DNAs are based on their higher-order structures, such as duplex,
triplex and quadruplex. Therefore, it is crucial to study on the higher-order structure stabilities
of damaged/modified oligodeoxynucleotides in order to understand properties of
damaged/modified DNAs. In this thesis, I studied the synthetic method and higher-order
structure stabilities of three kinds of chemically damaged/modified oligodeoxynucleotides.

Firstly, I studied the effect of guanine 2-N-adduct on DNA higher order structure by using
four different 2-N-heteroaryl guanines (G"*s) as model compounds. Stabilities of two
possible conformations of G"*s were calculated by density functional theory. Then, the higher
order structure stabilities of duplex, parallel-oriented triplex and G-quadruplex containing
G"%s were evaluated by measuring their melting temperatures (7,s). T,, experiments showed
that stabilities of duplex and quadruplex were related to the relative stability of the G"™’s
conformation called open-type conformation, which suggests that stabilities of duplex and
quadruplex containing a guanine 2-N-adduct could be anticipated by calculating the relative
stability of open-type conformation.

Secondly, I studied the possibility of a-deoxynucleosides to expand the target sequence of
triplex-forming oligonucleotides (TFOs) which can bind to DNA duplex to form
antiparallel-oriented DNA triplex. TFOs containing single modification of a-deoxyadenosine,
a-deoxyguanosine, a-deoxycytidine or a-thymidine were synthesized, and their target
sequence specificity was measured by gel shift assays. The comprehensive measurement
showed that a-nucleosides could also target other base pairs than previously reported. Further
structural study using molecular dynamics suggested that the nucleobase triplet containing
alpha-nucleoside could be stable in antiparallel-oriented DNA triplex.

Thirdly, I developed the synthetic method of chemically modified oligodeoxynucleotides
containing triazolylphosphonate backbone, which have a possibility to penetrate cell
membrane, therefore could be used for nucleic acid drug. I have successfully synthesized the
phosphoramidite dimer units and oligodeoxynucleotides by using 1-naphthylmethyl group as
protective group. The method developed here enables to elucidate the properties of modified
oligodeoxynucleotides such as duplex stability, nuclease resistance and cell membrane
permeability toward clinical applications.
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