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Development of fluorometric imaging probe of nerve action

Takenaka, Shigeori
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Cell network signals were produced by ionic gradient between inner and outer

living cell. Temporal-spatial imaging of ionic gradient of potassium (K+) and sodium (Na+) ions in
living cell helps study of cell network signal. We successfully realized by K+ imaging by the
oligonucleotide-peptide conjugate carrying fluorescence resonance energy transfer dye pair, named
as potassium ion sensing oligonucleotide, PSO, for cell interior or cell network. We developed the
method to locate PSO on a cell surface and to good performance for fluorescence intensity and
preference of K+ over Na+. We synthesize series of PSO derivatives carrying different length of
oligonucleotide and/or peptide. We constructed the method to localize PSO on a cell surface and
found out PSO derivative carrying improved performance under cell surface. Furthermore, we change
DNA sequence or length systematically to create sodium sensing oligonucleotide, SSO, and we
synthesized it as a first case in the world.
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probe peptide DNA

PSO-5 GGGGG K GGGGG C-NH2 57-GGTTGGTGTGGTTGG TT-3”
PSO-TOGS GGGGG K GGGGG C-NH2 5’-GGTTGGTGTGGTTGG-3”
PSO-TOG3 GGGGG K GGG C-NH2 5’-GGTTGGTGTGGTTGG-3”
PSO-TOG1 GGGGG K G C-NH2 5’-GGTTGGTGTGGTTGG-3”
PSO-TOGO GGGGG K C-NH2 5’-GGTTGGTGTGGTTGG-3”

[

sulfo-SMCC Q/\O\fo

o NH-GGTTGGTGTGGTTGG-FAM

NH,GGT TTGG-FAM

peptide linler
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)
Biotin-Acp(6)-Glys-Lys-Gly,-Cys-NH,
o

NH-GGTTGGTGTGGTTGG-FAM

TAMRA-SE < °

\
Biotin-Acp(6)-Glys-Lys-Gly,-Cys-NH, NH-GGTTGGTGTGGTTGG-FAM

0.20 pM PSO, 10 mM Tris-HCI (pH 7.0)
KCI NaCl
(A o = 495 nm)
(€)) Ratio
A Ratio (KD

A Ratio = (Ratio - Ratio,)/Ratio, = Z
[KT/(KT+K) ... (D)

Ratio : F. [l g o/ F- 1.5 s RAtio, @ [KCI] =
0 mMm Ratio, Z : constant.

PSO (

Biotin )

HelLa 0.5 mg/mL sulfo-NHS-Biotin
15 10 min 5.0 pM Streptavidin
37 10min 5.0pMPSO 37 10 min

DMEM 2 mL
KCI
K+
Ratio AmphotericinB
SSO
SSO 9
5 -3
1 GGTTAGGA(T)sGGTTAGG
2 GGTTAGG(T}A(T)GGTTAGG
3 GGTTAGG(T)sA(T):GGTTAGG
4 GGTTAGG(T)A(T):GGTTAGG
5  GGTTAGG(T)ATGGTTAGG
6  GGTTAGG(T)sAGGTTAGG
7 GGTTAGG(T)sGGTTAGG
8 GGTTAGG(A)sGGTTAGG
9 GGTTAGGA(T)7AGGTTAGG
SS0
2.0 M 1-9, 20 mM
Tris-HCI buffer (pH 7.4) 100 mM
NaCl KCI T,
(20-95 °C) 4
295 nm ®)
1/2 T,
2.0 M 1-9, 20 mM
Tris-HCl buffer (pH 7.4) 25 °C
NaCl KCI CD
®)
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0.2 p M SSO, 20 mM Tris-HCI buffer (pH

7.4) 25°C NaCl KCI
( 495 nm)
PSO
Table 1.PSO @ NBC}‘(CI NaCl KCl(145 mM NaCl)

K*/Na*

prove Ko/mM Ofsrgt:sm Kofmht o-?srgt:sm Kafmhd ofggtrigM
PS0-5 21207 143 63924 30.1
PSO-TOG5 134206 277 67732 037 10.8+04 234 50.2
PSO-T0G3 9.4+05 2.28 69239 0.63 8.9+03 202 736
PSO-TOG1 12306 276 538426 032 8.8+02 249 438
PSO-TOGO  10.1%05 3.05 564426 0.36 10.7404 275 558
4 PSO KCI
NaCl
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Table 2. NaCl, KCI Tm, Kg

Tl 'C Ka (25 °C) mM Na*
NaCl  Kcl NaCl KCl Ejgﬁgglg
1 46.0 39.0 7.82+0.16 12.2+0.8 1.6
2 435 395 12804 152406 1.2
3 430 390 112402 15607 1.4
4 435 395 107#04  15.0£0.7 1.4
5 455 400 8512018 12.540.7 15
6 50.5 43.5 4.01£0.07 7.91+0.35 20
7 435 385 115402 144105 13
8 <310 <285 10243 1707 1.7
9 45.0 36.5 7.75+0.15 24.0+1.2 31
9
FAM, TAMRA SSO(  6)
7
e, o )
S FAm . TAMRA
495 nm GGTTAGGATTTTTTTAGGTTAGG i~ /4 =
‘95"{'" hETj 4957m  Quenching
6SSO  NaCl, KCI
SSO  NaCl
FAM 518 nm
TAMRA 585 nm
( 73)
FRET
KCI 518 nm
585 nm
( 7h) KCl FRET
SSO NaCl
FRET
110 mM KCI
NaCl FRET
( 70) Ratio (F 1 .se5 0/

F.l.54 ) NaCl, KCI, NaCl (in 110 mM KCI)
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7. (a) NaCl , (b) KCI , (c) NaCl
0.2uM SSO  Fl.ex =495 nm
(d) Ratio (F.1.585 nm/ F.l.s518 nm) NaCl. KCI
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