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1. #8

~R7F PP (peptide nucleic acid; PNA) &, 1991 4F
IZP. E. Nielsen 512k > TR SN ATHBTHL .
ZiiE, DNA % RNA off) v Eks, N-2-7 3/
IFN) T v R BEREALEF 5 RTF FERIZERR L
hEEEAEL YD (K1),

B |

1 PNA D&

D7z, PNA 3HEY) Y BREKH RO B BN % 577,
PER DR AR AL ER R L OB BN 2 KD R R A D
¢, DNA/DNA % DNA/RNA & —F i & [L# L C PNA/
DNA % PNA/RNA OZ5EMAE Y, 1H#EI A~y FIC
LR BEICLDEAL TV ERMOEN TS,

*  BEEESER AWARILEEE
* % JURUELRLRRS: (B BUMRHY SRR R
* ok ok 5 TERAVR IR
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T/, SOIHFETNEEME LT, RIVEERAEMRN X
LT —BIZLDHFERBGHRENDLDIZH L, PNA 122
L7 —EOrzH$T7ar7 - L Th ettt A4
BOTY, 7 rFty AEEGRBETHTH 70— 78 L
THRREREMIZ 22 LSRN THY. L LAAS,
PNA HEIIKBEMEICZLL, F72, HEMISHETH L7
DIZHIINANOBEA D REETH -7 F72, HIFIT PNA 12
RN T 2 FEDMELEN TV D> 72D T, PNA
DBKMEZ & DR T2 e T 5 B R LEATIZ I3 & A LB
FBENTO o7z, RIE, Fald THUKMEERE] DESE
PERERE | (RIS EERE | 2L Vo2 PNA ) v —
DERERILD 72D DB B OBFIT I L 2% 2,
B OBEREME A AT AT F RS BEEME A o HiYl2
G TERIL, PNA &) I~v—GRFICHEHT250T
HY, TNFETRUHETD > 7 BOBERENE % [RIF: 283
LT ENTELID D 5.

—Ji T, DNA~XA 27 a7 LAFEE, 7/ 205EERY]
D 7= DIZFEE SN/ T, mRNA OREHEN 7 583
EMATEDL LV HIZERTWD Y. LALaHS
mRNA % il 3 2 BE U CAEBATFE R LIS L v ) K
FWHDLH, T LT, mRNA #3562 &% <,
WA OFEREM: & MEFF L 72IRBE (in situ) T, mRNA %
W95 2 LS RE e WG in situ NA TN A —2 3~
B (FISH) %%, fifad 5V ZEMEEIESX - F0
IREE TR BE e R — v~ » b insitu/NA 7)) 4 ¥ —
va vk (WISH) 137, Mo RESWETSH Y,
DB % & 7- mRNA ORBFN A HETH 5720, b
MO~ T AL EOETNEEFMAT LI LIZL o
T, RAOBET OWREMARFAEICE T 2@ T O &
D&Y MBI T E A ER BN FETH L. Lo,
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DNA (CHIET AR OME 70— 7T, Ml EE R
PR BLEEEIZ Lz, A TORBAARTRETH
N, FEEERELE SO LS LEL L 2 Y BT
T EDOMEN D o 72, TR L, PNA (M A R
PAD 572012, FISH % WISH IZJ WV Al 7 u— 7k
LTEHTHLEEZEZOND.

LA L7755, PNA B Y OMKEEE S SR %
R D720120%, [HEEREEREE] 2L, 2hEf
MLU72Met 70— 7 OMGEEAT ) LENH B, ik, ¥ a3
v aYNIDT VT AFRT A4 T EETHREEAY
(Antp) HOTEIRIEDIEILNER T T NS %: % R
THRREDNH S LR ENZ Y. £k, HIV- Tat
EHETOT VX = 2% HHHEBUC G RO BE Bk
BEAETHZENRMENLY. Zodb, AU TTL
F2 V3D LEEBRRTF KO BE—OT I JEEPS
RSN TWT, — M EMET T FEBEIC LD A1
LRTWVEWVIFIEDD o7z Tz, S ORERENEE AN
NLERTF FEHWIUL, F#HEBREGKL7-H & T, il
S OMEMIS 1T 21X, [EE SRR & Dunsk]
ZAFFICEATELDTIEIRVBNEEZ T

Doz s, E2BRMEL A L mRNA 25
i Re s T u— 7 LCTHHT® % PNA 12, &M
LR REE A RTINS AT & T, TNETHEEE ST
&AM TO FISH ® WISH # 55 129§ 5 2 & %
HE LT, F4ld, PNA LEERERTF Feflie
b7 FITC (fluorescein isothiocyanate) 12 2k ik 1% i 4%
HEME PNA 7'0 — 7 ORI G B O #1740, KIZ
EEMBE W ETFVERICE T, Zo7u— 70
REVEIC T 2T 2 1T 72O TS 5.

2. MRF*E
21. R ELES MRNADBEES LUXIRT 5 PNAF Y
dv— (1,2, 3) OF%:Et

~ v AREES L (P19 M) TIBLL Tw 5 PRP19
EOEAI— F45 mRNA OT7 Y A E L Lz Y
COFMDO T, HOHMEEZIEHK L %\ PRP19 &IH'H
2k mRNA (AR Z: 20 SE2L 2B L [ —47 v MEIEAL
YIiEi%k (PNA) IS & L7-. [BEEpghet: (R)7v¥

M- Azl s

NHFmoc

0}
O

N\)k
BocHN™ > OH

2 WEMEABAINTFEN 4)

=) #HE I, TVF U ERIEREEEA L) IT IV
Fo B HFEZ RS LR L2 EELTY,
HR OEEME AN T AT F R (4) & LFHHBIEA L
BT MESICTVEF AT AN E L L/
(M 2). DougE (FITC) ] ZES#EOKMmIZEA L 72,
bz s [4—7y MEFEEIFEH (PNA) fHIs ] [
FEBERELE (KY 7 VF=) fHE] s g (FITC)
FEI ) ZNEWRAS A L 72 FITC ERkEE Ei%net PNA 4 o
~— (1) %#&FHL7A (M3).

F7:, BEEMEEREEOAELY T 272012, [EEH
EEE (R 7V F= ) ] 2BV PNA £ Tv—
(2) &, PNA XY Iv—OHmMET 572912 PNA +
NI~ — (3) b#EFLA (D). PNALY IT~v— (1)
DN B REVE SR R RE M E A A TR TF F (4) %
7 HLERCHERIDSEH LT, AT VEF= v
1A ESEb0THLOIZH L, PNA LY I~ —
(3) D% B E UM H IS 7V F = 2 & 21
MG SHTbDOTH L. MEHITTOMESIE O % fERE
ThHEELIZ, BEHALT AEEICEWTH B G T
& D D ORERR S [MIRE AT - 72,

2.2. FITC{ZHEEZ B PNAF YT~ — (1, 2, 3)
DERK

2.21. FITC ZHEZBMEMPNAFYIY— (1) OE
157

PNA # 1) I~— (1) &, P. E. Nielsen 5D FiE% 5%

ZLTY, =y RV EREAKERE (EYELA # CCS600

ETNV) HHWT Boc Ik CEMEBEEITo72. T bbb,

x£1 BETLAEPNAFUIY— (1,2,3)

TR (E=BEARL, e 8RR IR ) dv—
FITC FAE=V x 1 H-p(TGACTGCATCCCACTCATCC)-NH, 1
FITC L H-p(TGACTGCATCCCACTCATCC)-NH, 2
FITC TAE=Y x 2 H-p(GCATCCCACTCATCC)-NH, 3

(60)
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SIS E R

3 FITC EHEEEEEMEPNA T U IY— (1) OEE

FEAH{E/A & L ¢ MBHA (p-Methylbenzhydryl amine) L
¥ 193 mg (120 gmol, JJffi 0.62 mmol/g) % H 7z,
Ee #H 41 & % DMF (N,N-dimethyl formamide)
T604 M BB & ¥ 72 & &, 5% DIEA (N,N-
diisopropylethylamine) /DCM (dichloromethane) T 15
SriERE 9 L, DCM Ct#fk, 5 5% DIEA/DCM T 15
SHEOIRE S L, ERRIE CTH 20K % PLEE el LEgE 7 3
LU RWT, RPNA L) I~v—4alE S L
7z AR O fifL % 4T > 72, $H4&% DCM & DMF
e L72d &, B (120 gmol) 2R LT, £/ <w—
T k80 #mol, HATU (1{Bis (dimethylamino)-
methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxid
hexafluorophosphate) 80 #mol, £ & U8 DIEA 160 z#mol
DOEETHAEL, baMiE S, HHbEiTo721%, 2
REfIHE G OGS L7z, BUBDSEST L 72 0 o 7o fskem O #HE 7
I HE, F v €y 732 ml (Acetic anhydride/
pyridine/DMF=1/25/25) 2 T2 30 4 T 7 & F 1k
(Fx v ¥V r7RER) L7z, —#Eo RS ET R E,
Ninhidrin B3\ THEHE7 I/ EOFMIC L Y FEREL /2.
2OHUBOE ) v —2= v POMEERIGIE, €/ ¥—
2= b 144 pmol (1.2 24%:), HATU 144 xmol (1.2 24%),
B LU DIEA 240 #mol (20 4&) OEETIT-72. 7,
5% m-cresol/TFA 3 ml 12 CTE i 30 M TRHL, 73
J 3 R#EL T 5 Boe (tert-butoxy carbonyl) %% Bif#
L7 otk k% DCM & DMF T % # L,

%

(61)

Ninhidrin #AZE THAE B L ERDPHETH 5 2 & 2R
L, S 1EMTE/ ~v—2=v F#i4 L7, Ninhidrin
RIETRUETHE 2R L E, RUSOBERET I
JEITH L F Y v Y TR R T o7z SO, fEE
ZLCHFy v B 7w IR LREEZ—H A 7 Ve LT,
FHE/~—2=v Fx BIORYIE D 12, BXKiEE L7

W T, HIEE O E S & 1T o 72, 20% piperidine/
DMF 1 ml Tk 30 ##, 2T 2 ml T=im 15 771
L 73 7% %2MH#EL Cw5Fmoc (9fluorenyl-
methyloxycarbonyl) 2&#% BiPRGE L 72, FEOEIEL S 9
— P47\, Ninhidrin i{EETHETH H 2 & 2 ER L 72,
Z 12, Fmoc-Arg(Mts)-OH (1.2 24+, Mts: Mesitylen-2-
sulfonyl)-, HATU (124%), DIEA (20:4%) ® DMF
i1 ml 2 5 3 RIEHE L 7212122, i 30 70 UG &
w7z, COBFEHERYELZ. #HiE%2 DMF, DCM
TP, 4§20 L, Ninhidrin A3 TREETH 5 2 & gL
Lizhé, ¥y v Er7s L.

PNA A I<— (1) LFFEZFIT, PNA A+ ) T~ —
(2,3) @SB/ v—2=y b EHBYOEL)ED I2E
wHaE L, ALz,

2.2.2. FITC ZEHEZ EMEEM PNA 4 U Jv —DEEE
kHr5DYVEL

A A AT 0 MBHA L Y i, 5% DCM

TERLEZEESE2HET, LY U250l L#REE
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(TFA/TFMSA /p-cresol/thioanisole=60/25/10/10, TFA:
Trifluoroacetic acid, TEFMSA: Trifluoromethane sulfonic
acid) 10 ml % jin 2 2 W # ¥ L /2. 7% B, TFA -
TFMSA JFH O Getb~ E BB ICERIEE 2 1T T1T 9
Low-High TFMSA &% 272 ¥ CoORISHE K917
A A MeOH W CHHI L 72— 7V (100 ml) A2 &7
2z, MPNA 4 IX—2 @K S, 7h 57—
Ta k) M LEER R, TREY A BL 72
(Z—7 Vb)), Ihidm MeOH ICHERMRL, &
52 2 A — 7OV ikh 2 47 o TREHIEZ IR L L7

2.23. FITC EHEFZ:BMAEM PNA U Jv —DB&

I — T VLB EE TR L 724 PNA o+ U I —H o
PNAG DV Iv— (1,2 3) OHEErHME LT, EiHEil
fkrua~ 27773 A7 4 (HPLC, Waters # 600E €7
V) EER L &R T ol e Huei: (F2).
F 72, PNA 4 I~ —0EE5E L Bruker REFLEX 1T
MALDI-TOF & =547 A7 4 127C, insulin & ubiquitin
AV AR S & L C AW C, insulin 3k O [M+H] =
573456, [M+2H"" = 2867.88 &, ubiquitin Hi3k o [M+H]
= 8565.89, [M+2H"" = 428345 T*x 1) 7L —v 3> L
Ted b, T IVEFEEAPEB X O Linear Positive £ —
KNCiro 72,

23. P19 ZRAWEFITCEREZBHAEMEPNAAU T
~ — DEREFTE 5 %

P19 #lifla CGREE) & KHRED PNA ) I —D Ao
7RIS v FaR—=T 3> (37C, 5% CO,) L, #
M EEM AR L 72, 4% paraformaldehyde/PBS (—)
WCCHEEIL L7z, RWT, SaiEgt (—kPuE © PRP19a
mAb, IR ¥ ¥ -e-mouse-IgG Rhodamine), %4t
i (Gef#) © Hoechst33258) % {7-o72. 2 Z°C, PRP19a

M- Azl s

mAb ZMBEIC/ER L 725 0% vy, F 727 F -e-mouse-
IgG Rhodamine 1% Santa Cruz Biotech 8 % i | 7= 2.

##% (Bio-Rad % MRC-600 E 7 )V) ZCTATVvy, T/, B
H L 727 — % 1% cool snap ver.1.0 I THHT L7z, FITC @
HG I R 488 nm % 0.01 FP 1 F 7213 0.05 £ IE 5
L Tt L, Hoechst33258 @& Gl #% 5 405 nm % 0.1
FRIFRGLCl L7z, Ml S n8ots 7 i, g
V7 MIEoTZDE FORETRAE LA 2721,
Hoechst33258 D #EA M LIC K WiisE, 3> FF A b
MEEEITo 72,

3. MRKER
3.1. PNAFUI<Z— (1,2, 3) D&%

T TSRS LTV B HIBRIA PNA €/ ~—2= v b
(4) #H\WT, FITC k& i pe 1 PNA 4 1) I~ —
AT S [ & =7y MEERHIFEHE (PNA) #H] [hE
FalmEkseE KU 7 v¥= ) fHE Desg (FITC)
G R AEA L7 SHERENE PNA O G ITT & 12D THERR
L7,

W, HPLC BEHIZY T 2572 Hiy & LT 005% @
TFA 22 FER%ZINZ 5. 4, PNA 4 ) I~ —2E A+ >
LR VR TVF = VBB 5720, 14 1L
WHED W THIBIEI 2S5 22 ) ¥ — 7 37 0 — FMEd % [
B U, #2°C, TFADORELZ Z/RIZLTA 4 1L
LT W7 L=y lifio 7 =V Vs sgail7a b v
L&, FMEEZ, 7LVEFS VAL ORENHR ERIET 5
HilT ABRER B E I 2T 5728 24, Wik € —
7RI B ENMREE o7z (0 4).

WA REB L 72 PNA 1) I~ — (3) OH w5t a 47>
72, 49, thinfilm F I THERE % # T L, Reflector
Positive €— FCOWEX 4T 7275, HIWICH LT 25

2 PNAFUIY— (1,2 3) O HPLC %kt

N Wakosil 1 5C18AR (¢ 20X 250+ ¢ 20 X 50)
AR 2 0.1% TFA K¥EIE, B : 0.1% TFA 7 k= k U JLIRIK
TIT 4 N
5] (min) ARE (%) BRE (%)
0.0 100 0
—_— 50.0 50 50
50.1 0 100
55.0 0 100
55.1 100 0
70.0 100 0
it 10 ml/min
717 LRE | 25C
T & 260 nm (PNA), 445 nm (FITC)
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A) 260 nm TOH

B) 445 nm TOR:H
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W _Mk“u

am s C] L] £

CL] [

| |
%W }M\"Mu

R TR TR TR TR T Hw e &wm @

4 AREODOHEPNAFYIY— (3) ®HPLC 71

8269.4706

!

5 PNA#FUI<¥— (3) ® MALDI-TOF Mass iR

TEY-ZEFELEPo 72 WIS, EEEICTHERE
%% F L, Linear Positive E— R TOMEE 7728 2 5,
H B 055 T4t (cled. 8266.0850) 1T ¥ — 7 BEAHRH & 1,
HLL () 1 82694706 T o7 ([45).

32. PI9ZAWEFITCEHEZBHEMEPNAFY T
< — D e
3.21. fHRES&EM S K CRBEOE
KE 2 D P19 M IS IRAIREAT 10 oM &% B L9 12
FRELLPNA LY Iv— (1,2) %Etelmic < 24 i

ArFa~x—Tarl, BEEMRIZRERE, Bibzhi

=) sliges (L)

Fdw— (2)

L7-Milg oz 2 fER2 L7z (K6).

Z MR, BEEBBERETE & H1 L T 2w D PNA
) Tv— (2) 1 MINICBWTFITC M08 %
KAIFEAL TS hhor (6D, E). 2L,

FEEBEREE 2N L2 PNA LY IT<v— (1) 1%, (3ET
RTOMPAHIEFL L T (ME6A). T b,

F58i D PNA + ) I~ — M E BN Z 2 o Tu
VI LT, BUTLVEFZ O TBAITLZEICED,
FBB B AT L 2 2 LS LAz, F72, BB EbE
REMEZ ML 7 PNA F Y Iv— (1) OBANOBATIZIZ
EAERZT N o T,
3.2.2. mRNA E3:58E D 5T

ik E B C 2 LR O gt % £l L, PRP19 &
FHEDOHMIZOWTHER L2, O/ PNA ) I —
(2) DHLY AHRDEBIE ST W74\ FITC HISE OB
HzmiT e AERS Do 72812 BT, Rhodamine
ROBE R ERBESBIE SN (M6F). —F, PNA
FUIv— (1) OB AARDELE SN 72 FITC HskDH
FEFENEDITHEE 7 M TlE, Rhodamine Hik D H363801
LA TE o7z (M6C). 2D ks, MlH
IZPNA #+ ) I =20 A 7354, PRP19 &EHEIC

)

K6 FITC {ZHEE BN PNA F U d~v— (1) OHEEeMETE
A, D) FITC M#Z, B, E) Hoechst D&%, C, F) Rhodamine N#ZE

(63)



it

R L 72 mRNA # 9 20108 L C ZEH 2 Bk L,
PRP19 & HE A I Ifl 2 s 2 & A L 72,

4, BE

4l FISH X WISH 2 A5 12E i3 5 Z L S ieZe 7
U— 7O E L LT, FITC k% # 4% sk
PNA VY Iv— (1,2 3) %i%sIL7. 24U, 3 TI
BIZEHE A DORBEMBE AT AT R 7F F (4) 2FHT 52

ETHIELICART A ENTER KA ITRT LI,
HPLC TOSHT - 5 HUI BT, BEIEL 72 & o[ Lt
¥ T5HILT, HHILTOMETHo COMER Y~
WA RET, W TEX LI ERWHLNE Lo &
HEE, AL TREY -7 %2 /RE8T 70— K-k
mofz (KM5). T, [EEEREEE (R T7TrE=>)
I ST A oMo T T =V ) e EEERo 2 &
T, O MR- 2RTEFHENSL. 2O
B, MMHEOES ORI Lo TBmESINL EE X
TV,

PNA #+ ) I~ =5l %2 &85 % &, ML IS
SN 70, flEAT FITC HkOHEEEE I & 5.
—HT, MR &S L 2L, PNA 4 1) I =97
AL W0 B BITBATE v, Lzds T,
PNA 7)) I~ —@EE Mo, MENO FITC ®
WO FMETHHTE L, F72, HEHEL 7 PNA +
) I =1L, BB L0, MBRECEELI0N Fi2
i, BB LR E oML &KL T 2000, 300
JAFEIN T — V03 2 55, Hoechst33258 134 D A % e
1,45 Z &5, Hoechst33258 & 4t W65 B AT —3§
54 13BN EEAT L, Hoechst33258 O JEFHIZJRET 5 5
AITHBEICREL TV A EHITAZ EDTMETH 5.
S AF%EF L 72 PNA 4 1) 2~ — 3 Hoechst33258 & [\ U A
BETOENFELIIEALBN SN 207zl L LEOF
b DERFEDS I TH -2 b, SHEE L
FITC k% MR ME PNA ) O~ — 355 @k A
SIRAEAINT 5 2 & THESIHBANIEATRETH S 2 &
L, 2ok, MENBIET S I AR S L/

T BN AHRERIL, PRP19 EAEEHOMFE
PO LNk o7z, PRPIO&HEHEHIL, Mo T 4
mRNA ##FRT 22 LIk o TR 5. 4@, 1 kPuk
2 WPk % v 729092 et £ @ Rhodamine FH R D G5
FIFBMENT WA, 2O ERE, 12 1 KELSES
55 PRPIOEHEOHEIHIMH SN TVD Z L 2R L
7. ZoOZEiE, PRPI9EME%Z I — F3 5 mRNA ([Z#)
REEPRZ 5722 L 2BEKRT S, 2L, mRNA 2R
L CHIMM 2 B5 %= A3 5 PNA 4 < —72"mRNA &
BRI ZEHYER L, MEEABED v 75y VB
W 5722 5N,

FEOC - A

(64)

IR A

L

PNA Ml IZ B W TR ERMRMELFH->THB Y,
PNA/RNA “ESEPEARNEER TR S NG E, 5
ENDLDIERNA DK TH L. 4 EF -7 PNA X5 F %
ZUF IS, HERNA i35 2 L RETHDL. O
ZEnS, BECEEESNDS mRNA THoTH—TEED
PNA A+ I~ — |2k o T L M s, BIHIHR)
BRI R 5 2D TR W EEZ TWE,

Dk Z 226, PNA EFLEBMERTF Faflihbdb
W72 FITC BERLELE B BETE PNA ) v —1, 2h¥
T & T E 72 LM To FISH % WISH 754 5 12
FHETELWREMEZRT 2 EASTE . SNE, BB
FEME R L72R) 7UVF i VEE L kGt LT
W R TIVERZ VI ZFOBICHE L CIERMANE 2 5 72
O, BB IR 2 NS 2 2 EPFHTE D,
FERC, R T7VFZE 7~ 8 EAEL S Sl
FRT IR LV MEESRTWE Y. ZoR) T
VEZ Y OHPIIRERASPICT L2 LI2LD), LRV
POSIRR BE B EE R AECTE 2 LR L T .
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Abstract

Peptide nucleic acid (PNA) is a biopolymer in which the DNA sugar—phosphate backbone has been replaced by a
pseudopeptide. PNAs are superior to natural nucleic acids in numerous ways, namely: (i) they can be easily synthesized by
solid-phase tBoc or Fmoc chemistry, (ii) are extremely stable against cellular nucleases and proteases, and (iii) can
hybridize with complementary DNA with high affinity. Modification of the PNA backbone and incorporation of functional
nucleobases have been examined with biotechnology applications in mind. We recently synthesized photoactive PNA
oligomers containing photoactive molecules incorporated in the PNA backbone by using an artificial amino acid (4).

Establishment of an effective method of introduction of photoactive molecules such as fluorescein derivatives at specific
oligomer sites will be of great importance in the development of a photofunctional tool to understand gene functions and to
use genomic data. For example, Whole-mount in situ hybridization (WISH) is a convenient method for visualizing
complete expression patterns in embryos in different developmental stages. However, WISH has the disadvantage that the
experimental conditions must be highly controlled to prevent some problems with nonspecific background. These problems
will be circumvented by preparing fluorescent PNA probes.

Herein, we report the novel application of several photoactive PNAs to WISH analysis. We designed a cell-penetrating
domain for transferring photoactive PNAs into cells because the PNA oligomer is hydrophobic and has low cell
permeability in general. We selected oligoarginine as the cell-penetrating domain in the known cell-penetrating peptides
because a sequence constituted of the same amino acids has been found to be extremely suitable for solid phase peptide
synthesis (SPPS). Designed PNA oligomers (1-3) could be synthesized using an artificial amino acid (4), and arginine could
be efficiently incorporated into the cell-penetrating domain of PNA oligomers (1 and 3) at desired positions. PNA oligomer
(1) including a cell-penetrating domain could be introduced into P19 cells after incubation of cells with the oligomer (1) for
24 h. Furthermore, immunostaining confirmed that expression of the PRP19 protein, which was localized in the cytoplasm
of P19 cells, was suppressed (Figure 6). These results suggested that the PNA oligomer (1) recognized the corresponding
target PRP19 mRNA after introduction into P19 cells and could be designed as fluorescently labeled PNA probes with cell
membrane permeability for WISH analysis.

(65)



