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Development of a simultaneous detection system for nucleic acids using
ratiometric NMR molecular probes
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To understand molecular networks in life phenomenon, simultaneous and
guantitative detection method for biomolecules is required. In this study, we tried to develop
molecular probes that can detect various DNA on a 19F NMR spectra. Two different types of the
probes, i.e. oligoDNA- and DNA binding small molecule-based probes, were synthesized and these
abilities on DNA detection were evaluated. Results indicated that these probes can detect 4
different single-stranded DNAs and 4 different double-stranded DNAs simultaneously on a 19F NMR
spectra.

19F NMR



M X C—19. F—19—-1., Z2—19,

1. WFZERse S0 5

BETOBEXNHLNIRY 2O B H
e, % OBIZFORBLEDOHE, T72bb
BETRIR Y VU —7 BFAT 5 2 LI,
P& FB DI B B S0 A i BL G 0 BRARIZ D 72
LEMFEIN TS, TTICEE BB Y
T — 7 RN OFERMN S A OB OJFIA
BETFRBALINTRTEY, ZhaxHizL
RN FEEE BT >oH D, —FH T,
IS DOBETHREEORIFNZE(L, T7b
b, @8] BaFHEERy NU—27 OEE
PERFRI SN TR Y . AR AT RE /R B 7
IR FIEORBENRLEENL TS, (E. J.
Olson, et al., Nat. Methods, 11, 449 (2014))

BUIR O BAR T3 BLR v b T — 7 i T TIX
DNA ~A 7 u7 LA %R\ -+
BIZKRELKHFEL TS, ZOFETIH, —
FECH T~ R O B s+ O3 B E % iR
FIABETHY, LW HERELTER, L
ML, MlEolRkE —H 183 MERXH D
T, RS ERE O i\ RS B B FR AT L IR
Thb, —HFT, BBEFRAEZV T IVEA A
W ATRE R FIEE L TH A A=V T
ERETONE, ZOTFIEIL, BRI
EEE LT O, HED T 7V EERE D B
ENG, EANICIE 1 FEEOBELE T RO R
AT FTRE C. AR D51 O [RIRERR H 1 IR
Th b,

2. OB

R EFRE DI, BB RO in vivo A
A=V T ERNE L, Ry T Ty
RNEEET 2vo v 7 ridmtt O 19F
NMR/MRI I X 2@ a7 e —7 0/
%17 > CTHk7= (Bioorg. Med. Chem. Lett.,
21, 303-306 (2011)), Z DEAFEIWEE T, 3,5~
EAXA N TAFa AT R B TR L

AT L —THDOA ) 2 DNA 7' a— 78,

R RINC X v 19F NMR 47 2 hLs
7 N ERERGFHICE LS TS, LU AEe
7o —7L LT Zeaz/_AHELE, 20
Tua— 7 TIEEGIT R, v AMERIC

RPTHDHZ D, VT TANBERRES T,

BEEREEFICS L, o, FI AT T
NORER DT a—T W LTI, FR
W1 O FEEH O BAZ T ORI ATEEIZ 72 D
ATREMEDS @V, FE 7o, FEAIEZERE DAFTE RIS
CTCY 7T OVBELRNETHZ LD, &
BRENARETHD EHFFTED, &I,
RIRFP COBEBERHBAIGETHD Z b,
FEHEIZIZVTAVZ A AN AETH D

CK—19 (Jtm@)

EHIFFTE D,

AWFFRIETIE, o 7 Iavy 7 B
L A B T 0 — 7 O HEARTFE ORI |
ZHICESL TH T o — 7RO - ARkl
EH T InE AW TZREOERR %
FIRE, EEM, oV TIVX A MR ATRE
RHTEOMNL) #HET 5, HYYIEEL
LT 1 0FEEHLL EOREREERE DRI « & &
A BEEICIE T, ZREEOENEE ORI -
Jie v daaliet:| 1 ADY
3. MoKk

BEICBEREAD AT A —TRID T v —
TERENDVID, BERIRFC T I vy 7
MNELDSEE Z DR OM L Bl s s Ih
N7 hEbOTu—T ORI AT,
BARIIZIE. 19F S ~ULiRfEe [ HE S )
DBK - BUKEREE ) (BRI 228 S,
FIBNTT NEADOFREIZAD E LI
19F T VDL FEE DS IC L0 B
L7IANTT NELOT R — T ORI
Alblz, £z, BHonz7a—7#icks
FERIRE IR D[RR - E BRI 2R AT, £,
MMBE R IEDO @V, EANR XA I REK
EEOWIEDNA 7 r— 77 v B AW A
fE ST BRI T e — T 2 AR L
BoAI o> B 72 7 2 44 DNA O[] — 25 2H 2 38
N

4. WFFERRLE
Filg O R —F et M Al g2 72 0 7 e —

TLLT, REL 2000 F 7 n—7 DA%
WZEE LTz, BARIZE OIIg 23k~ 5,

(1) AV = DNA 2B & 925 1 REZFRR
Hra—>7

TIINTT NORIRD T v FELEWT
EfiLT=~T LA A Y I DNA T —T %5
U7z, BRI, A b, A X, XTNL
IZENEH CF3 xR OREFMZ 5 Kl
WM Li=~T B4 2 DNA P u—7
(27 BIK) &AL L. 19F NMR ZHIE L7z,
fER, 7 —T7 OHOYE | I XL UFHARR DNA
WO I N7 bR, THEVERRL
72 CF3 AL BEFMOMMEIC L > TRAR D Z
EERHLE, 2oz Db, KFEICEY
BRI R B D B BB IR 7 (R IRF L 8 B R
TEDHZLEWRENTZ, ZOTu—T I r—
TSy DY EBLAIOETIZ LD | fRx e 1R
BB ORMICFIHTE 2 WEERH Y, 4
%, BMERESEEMEOFMEITH 2 & T,



FEHFESE OO KW O [ IF — 7 FHRNZ S 7T A
ThdLEXLND,

(2) BRfSE MRS F 2 i &9 5 2 B
DNA Rt 7" — 7

DNA #EEMEDIR Sy FEN T v —T Th D~
F A F33258123,5-B A MU 74 AF L
RUB U EM LIRS 7 v —T7 %/
L7z, Z@ 19F NMR Z#I7E LA, 5READ
HI T D AATT Bed % &de 2 EEH DNA Z iR
L7zGa., 7n—T70RrDGE L3RRS 7
SANTT ERBIAL, SHIZZOT I
7 RS AATT \ZBEHET 2RIk AF L= [E A
DEEELZ LR L, 2T LY ES
DFEI2 D AFEHD DNA % [FFF—F IR T &
B ERHLMNE ST, FT2, AATT 56 1H
ORI SV O 2T D AR 2 B DNA
DOBEITIE, 20T a0 —T ORAEIPED 1
FENCRES N, NPT 7 b LK
FL7ZEAD 19F NMR &7 2 hvy 7 b &IRT
ZENHBNE RS T, THITE Y DNA BLF
oo 1 LA (SNP) % 19F NMR A2 |
Jb L ClE « —FIZHTRIRE TH 5 2 & 2R
iz,

5. FEeREERmIE

GERERm>) (B 1)

(D Takashi Sakamoto, Daisaku Hasegawa,
Kenzo Fujimoto, Simul taneous
detection of single—nucleotide
polymorphisms in a DNA bulge
structure using fluorine—modified
bisbenzimide derivative, Analyst,
141(4), 1214-1217 (2016), 7 7@t A
DOI: 10.1039/C5AN02389K

(Fa¥&R] G 31F)

(D Takashi Sakamoto, Daisaku Hasegawa,
Kenzo Fujimoto, Disassembly—driven
signal turn—on probe for multimodal
detection of DNAs using 19F NMR and
fluorescence, The 43rd International
Symposium on Nucleic Acids Chemistry

(ISNAC2016), 348-349, September
27-29, 2016, 100th Anniversary Hall,
Kumamoto University, Kumamoto,
Japan.

@ AR, ERIIKEK., BARRES 4 -
19F NMR 5 = 7 /L& — K DNA ¥ H % Al e
& 9% OFF/ON Bl 37" 0 — 7 DB |
B O10 |BINA FRE LY AR T T A
(2016.9.7) ARSI EHE - TR L
R— LR AN bR

WARPE, BANIKK, ARG 7 vE
[ ~F A Mo —T7 % v 19F
NMR 12k % DNA M) & 26 [Fl3A
I EmHFT R T A (2016.7.29)
K TERY Kil*¥y o2 7
9 BT 4 DHINLHBAR—IL

WA, BEIIRIR, HEAEE [19F NMR
Z V72 DNA 1 #5325 o [5] i — 75 iR
1 BARALEESEFHE 96 FFEFES
(2016.3.27) [AE M KZE HELDFv
INA

ERINKK, AR, BARE (7 v %
B A XA 2 RFEKRE FHWZ
19F NMR |2 & % DNA @ OFF/ON #&H ] H
AACFEEH 96 FEHES (2016. 3. 26) [H
BERY HHEAFy o/ R

Daisaku Hasegawa, Takashi Sakamoto,
Kenzo  Fujimoto, 19F  NMR-based
analysis of the local sequence and
structure of DNAs using
fluorine—modified bisbenzimide
derivative, PACIFICHEM 2015,
December 15-20, 2015, Honolulu,
Hawaii, USA.

Takashi Sakamoto, Daisaku Hasegawa,
Kenzo Fujimoto, Development  of
molecular probes for 19F
NMR/fluorescence bimodal detection
of DNAs in living cells, PACIFICHEM
2015, December 15-20, 2015, Honolulu,
Hawaii, USA.

FERINKEK, WA, ARG 17 vk
B~ X4 I RFEAR%ZH\ 7= DNA
REYERRMT ) Rk 27 458 A e il X G i
LR RS (2015, 11.27) &PKE
A% v R

BRI, TR, BAREE 17 R
fEffi~F A 7 m—7 %\ 7o DNA HE
YERRAT 155 9 RIS A A BB L F Y VR Y
¥4 (2015.9.11) AEARKY: ToRER
%@i&lzf\*k INA E‘ﬂg%ﬂé\\éﬁﬁ

Takashi Sakamoto, Daisaku Hasegawa,
Kenzo Fujimoto, Fluorine—modified
bisbenzimide derivative as a
molecular probe for simultaneous
detection of DNAs by 19F NMR, The 42nd
International Symposium on Nucleic
Acids Chemistry (ISNAC2015), 158-159,
September 23-25, 2015, Himeji, Hyogo,
Japan.

WA, BEANIKR, EAEE (5
FEE O IR e RR HH & AT RE IS 9 2 B R X g




@

@

W7 10— DOBISE 9 [Al3 1 A B
b5y R w A (2015.9. 11) REARK
¥ OTFEMBEEMK Y v SR 2
BRE 222 #H=E

WARRE, BRINKE, AEE [19F &
MR X D EMmRHEZAEE 35
RO e—7 0% | % 25 [N
AT @myT R A (2015, 7. 24)
K LERY Ki¥y o2 7
9 FHET 4 DHNLHBAR—IL

WS, BA)IKEK, ARG T4tk
K OV19F K Ra R e (2 & 5 DNA R H & 7]
RRICT 28+ v—7 0% A
A I INNA Fa U —FR 10 B4
2 (2015.6.12) HIEKRZE JIIRNF ¥ >
INA - FKAB—IV

() GFo )

L

(P36 M PEAE )
OIREL (GO 1)

7L

OBtk (G0 1)

7L

(£ Dfh)
R S D

7L

6. HFFTHELAR
() Br7efRHE

WA B (SAKAMOTO, Takashi)
ML KT « ¥ 2T LWL - W
MeEHZS: 80423078




