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Whole cell-dependent production of human metabolites using genetically engineered yeast cells
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Abstract

Xenobiotic phase | and Il reactions generally render a compound
more water soluble and pharmacologically inactive, thereby
eliminating the need for further evaluation. Conjugation in phase I
process is the most common pathway for detoxification and
elimination of hydrophobic xenobiotics in mammals. However, if
the metabolite forms a toxic compound such as acyl glucuronide,
additional safety assessment may be needed. In 2008, FDA
provided a new guidance for safety testing of drug metabolites.
Generally, synthesis of enough amounts of metabolites for safety
testing is often difficult in conventional methods. Thus,
development of the efficient system for metabolite production
often becomes critical during studies of xenobiotic metabolism
undertaken in the development of a new pharmaceutical product.
We have established whole cell-dependent production systems
for human drug metabolites using genetically engineered
Saccharomyces cerevisiae cells. We constructed the expression
systems of 20 cytochrome P450 (CYP), 38 UDP-glucuronosyl-
transferase (UGT), and 6 sulfotransferase (SULT) isoforms, and
we successfully produced a few hundred milligram-quantities of
metabolites from several drug substrates in 1 L reaction. Efficient
production of acyl-glucuronides which are chemically reactive was
attained by using not only human but also other mammalian UGT
isoforms. We also constructed co-expression systems of phase |
and phase Il enzymes combined with CYP and UGT isoforms,
resulting in the reconstruction of sequential metabolism in humans.
These systems would be useful for production of drug metabolites
and prediction of drug metabolism for pharmaceutical candidates.
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transferase, UGT) HiBEsxfBE23R (sulfotransferase, SULT) 7%
ENEITOND, ELDEERIINHICL ODOTRELINDA.
FEE, —BOEESHNRHFICKIBHEEZEL. BWERKEESIE
EBITZENEONIEDODTE ., TNEZIT T, 2008 FIZIF
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1985 . #8513 H FBER Saccharomyces cerevisiae =B E &
L CEMRHICES I 2 P450 5 XU NAPDH-P450 BTl = %2 5
WEELDIEITHIIL. &£ MER P450 HFREFEIREREZH T
SESELEERNIMERAR T DI ENFREE L D29, &
SICHERSIE P450 & UGT ZBEBICERRIRS ED I &1CKW.
EERFOBHMEABRISEBRLEY, ThOoDBENBEY
23100V —LEREERLUCRSMARATEEICE DA
UGT ICL DIV OVBIAERIEICIIHESRE L TSI UDP-
)20 (UDP-glucuronic acid, UDP-GA) Z &AL AT
37559 REMEHBICHELREYOREARICIIOAI AT
DFRBEHBH Do BERIZ. invitro TO SULT ICLDmMEIRE RS
[Cld. UDP-GA LW H S BIlEMiAMERTHOELRE (3 -
phosphoadenosine-5' -phosphosulfate, PAPS) DZ&MAWNMET &
V. ZEUERBICDELEONHMARICIIFWEROAIZHE
EULBWEEDRTLDHEINMETH DIz, 2T, MBEEM
BRESAFBERGERWNNA A N—23 EICEDR
BMEES R T LD EH A=,
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WTIIRBEIESRICICHELHEERTHD PAPS GRFREBL T
\DHO7 UGT DFEERTHD UDP-GA SRICWER UDP- &
)L O— R Bi/k=EEH= (UDP-glucose dehydrogenase, UGDH) %
BHOTULWEL, £IT. UGT KXV UGDH DEEIREE %18
KL, BERTOI IO VEBIAERIGETEEICLTz. UGT HX
U'UGDH B RIREEOBRICL Y BEBIEERPICEELLD
EXEREFNT DT TCERICKEMEEET DI LN TBEICA
Y. KEMEEIR FOXRBEEIBICKRINU . &, BEZEZ
DFERICICANDLOEBRENAROKEBLAEICLY . &
SICREORBMERRTDENTREC LD (K1),

SCYPREF SUGTEERR SSULTSE R
[ Isoforms |

p Isoforms| _____Species |
1A1 human, rat 1A1 human, rat, mouse 1A1 human
1A2 human, rat 1A2 rat 1A3 human
1B1 human 1A3 hum'fm, rat, 1B1 human
2A6 human porcine (1A3a) 1c4 human
2B1 rat 1A4 human, rabbit
2B6 human 1A5 human, rat, mouse ged [0 TED
2C8 human human, rat, bovine Al Iimaly

1A6 i
2C9 human mouse (1a6a and 1a6b)
2C11 rat 1A7 human, rat
2C18 human 1A8 human
2C19 human 1A9 human, mouse
2D6 human 1A10 human
2E1 human 2A1 human
2J2 human 2B1 rat, mouse
2R1 human 2B3 rat
3A4 human 2b5 mouse
4F3 human 2B4 human

2B6 rat

2B7 human

2B10 human

2B12 rat

2B15 human
2B18-like porcine
2B31-like porcine
2b34 mouse
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=157

P450, UGT BKUSULT IFWZ I NEEEF 77 I —&FERL.
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SILRBENEBRT B ENTES (@), EFILILAYTH
27-EROF 27U (THO) ZEEELBA, UGT RR
BEIC S DUV OVBAEEADERRII N 24 BT
7T (R4). TARRBEOKEMIERIRTEE BERS%
MY BH. BESMCREYNS < HET DT —2HB < ED
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5 ERMUGTIAQ BKUZ Y hUGT2B1 HEIRERBICLSITI7T
/ —IL# (Mycophenolic acid, MPA) fXERILDE

7.1 Uy MIVORISHR BT W+ ~E mg DHYS AT
BEEEDTIND, REDFRE LT, BRFRARICHHNDIREN
B FEBRAEROARSBELONDATHY . BRIFOARE
BENKBICBEETHDIH. RIGESSIZZT—ILT7YTIn
TS LBRAOKHMRENATRELLD,
FLEBRECSDONHMARDBIRE LT, BENKHYOE
BNEBTHDIENEITOND, ABIHFHELTEREND
07z /-IVBIIZEOBERICT T/ —IVEKEBEE HILKRF
VIWEEFE. MADBREENUGT ICKD VL0 VBiaER
BRI, ZOOENIRFUIINEIIBITDIEEIIREEDS
WP TILoOVBiaGHzE L. MERRZEN LIHESR
EDRMERERIT I ENBREINT\D, UGT RIREBZH
WCIaA7T/—IVBORHHRO) -2 J%&{To/HER. Eb
UGT B FREICHNTIT T =/ — IV KBEENfIE S NI —T
WED )L OO VEBIaEEOANERSINIZA. T b UGT2B1 I&
T TIVo O VBIASHEERNICE/R L (K5), BRICH
IWRF DI EBEZE T DEBBDERRCRPR I -2 T%17D
fo#ER. Ty b UGT2B1 [3MERIC T 2L V)0 O VEaE R
L7z (R2)e 2DKDIC. £ MHEK UGT TOEERKN HE
HIBETL. MOBMEHK UGT ZFEATDHZLICKUBERK
HMERENIARTDIENARTHD, CNODEERDT
DIIVT IO OVEIRAEERITE MRICBWTEERESNDZ LN
%D’Oht(ﬂéﬁ‘m 14) 15) 16) 17)\ = |\ UGT %Iﬁ@%!t@éﬁthz
IFEHTEN DTz UGT ICRD TDEMNBHEERICH T,
ENUADEMBERDOBERZRLSBRUAIZD I EIIEETHD,
RUTT/—)VITEEOT T/ —IVKEBEE € DB ERAK
DORMTHY) . TR/ A4 R&FLHELIZRI T/ —)LEE
[SEPMCEPRHBERICEDRFZZ T, FEL - i nd

*2 UGTHBEBZFERALLT7IIVIIVIOVBRIAGHEE

Substrates UGT isoforms Productivity (mg/L/day)

Mycophenolic acid rat 2B1 9
Mefenamic acid rat 2B1 60
Flufenamic acid rat 2B1 132
Diclofenac rat 2B1 360
Zomepirac porcine 1A3 47

ZENHBNTIND Y, IEFEDRETIE. HAICEEFELZT IR
J A RKEMORESBMUICEREL. MKDRERICKIDEHIISE
FBFBDZETELETI)AVH BB EEER % RIFT AL
MEATREN 101D RS DEEEMEEHAIC ST ERBHARD
BEMNSFEOTND, ZLDRY T I/ —)UIEERDKEBE
HYUGT. SULT > COMT i EDE T MEERICK WU KRB . B
DRBWEEL D, SULT RBERBZHVTT RUREYPENE
FRLEIDAINCEZLLEENDRI T/ —ILTHDL AT K
O—)LAKRFFSB/-ER. SULTIA3 IZ 3 UMM BRAESH A,
SULT2A1 (S 4" (IR S R E ZNZEHERNICER LTz —F
TSULTIET 133 fUB KU BT dmiaaRICZ#E L - (K
6)e DD, EYNRBHBZABEBEOREN FHEEEET D
ZEICKUNMNBRIRNICIESEZZIT-REMESHR T DI EN
HEETH DI,

5. EHERBRDICKDEHKEIMDAR
BHRDEY . EMNHRISITEHOEZENBES TDZEMBON
BRISICEURIIIDEDH S\, F4 3. Bk P450 BF =
ERARETIIOVEBASRISROERRERRZBEL., F1
HPLUE I ERICOERNSERNH RIS EEBNICBBRT D
EICRINLT=. CYP/UGT BRFRIRRICDINTIISEDE bAX
CYP & 7FMDE AR UGT DiEAEHLEICLY 35 EDE b
CYP/UGT BIRFEIRBEBGERBRL, EFILEEYE L THER
LIe7-ThF207 1) (TEC) IZ39 S CYP ICKDNRHRES
I BRI M FORBICKY THC 2E U DR E 3 KB RISD
@D H D, 35D CYP/UGT BISEIBERICEL S 7TEC K
BBA AT OREZR. ETORFRETHRI M RIBE 311K
BIERICH OB FEDERNFROEER LI (B7), /=, 7EC
DEHAHITLD 7THC & 7THC- FILo O U EBIRAES RO R

ﬁ 050,H
|
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hCYP1AZ

7 ERCYPHLULE hUGTEIRREMAHBERERESZR
U7z 7EC DEfCH & SRR

hCYp2¢9 hCyp2C19 hCYP2C6 hCYP3ad

21, = b CYP1A1/ £~ UGT1A6 B RIRESOERNER
Tholz (H8),

KEXPOBLHIFEXTOA4 KRN KAXEHE (non-steroidal anti-
inflammatory drugs, NSAIDs) CTho> 207 T+ VU3 CYPH
KU UGT ICEK W ERMICKREH NS, £ ~CYP2C9/ =V
UGT2B1 #IRERAZB(\D5Z & T, BENEICEK Y EBRN CER
MR RERICZIT. KBLEE TV O VBIESHREBFRER
ITDIEIIWRIMLEE (R9), £, o077 FvosbE b
CYP2CO IR EDXRIREEZZ Y b UGT2B1 KIREF &
DORIGICBAWNSZ EICEY. 2 2Ty TTOREMARICKINL
TC ( 10)0

6. HbWIC

INETEPRFRWIIZOZLAREERICEEZ SN, X
FYEAROERIIRBISNAETHOh EEEERDEMS
REMCLDBMLITTHELS. BEEDHEEAHOHENLICE
TODRELMRNTIND, Ffo. EMRHBERISFEDOM. B
BICERRERLTHEY . BEICBIT2RBIIEERCRELER
BBDINAATRASE) T 1 2ERT DEDERR T 705 —
LD LENDT. INSDORBEMAETOICHIZUEDD
BERFFITEIEEOCLDILNFREND,

TR 23 F 4 BICEIWRIRFRNVF—1E. (FF) TOPU
INAAFRRFEFIDERILS N, EMAHBRERES ICLOAHDE
ENBEELSNc, REDBRREDLAZHOTHY . RAEATEE
BAHMERIIRENITIBML TS, RNV ERR LR
DRBRFED—BELNISENTHD,

R e HO. 5 " GIUCA-O.. i o™ _oo*
IR 1D
B 7EC\ W7HC\ V7HC:G
\_j v RBMEES
7HC:81mg/L
rCYP1A1 hUGT1A6 7HC-G:85mg/L

(1mM 7EC RIS B)

8 S b CYPIA1 BXULE h UGT1A6 EIRFFIR AT R T
RERZRAVC 7TEC DEHRAHRICICLDHBRIWE LU
ERIHMOAR
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L,
cl o-GlcA
Cl o cvp HO. cl
UG -G-|
@NH )r Ayl-G-D S \@

NH
cl OH HO. ci ] 0-GlcA

cYP
Diclufenaz i Hel; 4’0H—Ach-GO-D
] OH
[o]
4'0H-D
4’0OH-D Diclofenac
0.1 * A
0.08
. hCYP2C9/hUGT1A9
2 0.06 Acyl-G-D
E 4'0OH
£ ;
© 0.04 4 Acyl-G-D \
0.02 hCYP2C9/rUGT2B1 * v
0 = - _]L 5
3 4 5 6 7 8

9 EKCYP2CO BKUZ Y b UGT2B1 BFFEIREERZR VD
07 17y UBHRAHERICIC K DREEITRER

CO0H | -COOH - /COO—GIucé‘
‘\/T Clj‘\\/;{’ ﬂ /J “,L\ ~oH S ﬂ T\nH
Diclofenac (D) 4’0OH-D 4'OH-acyl G-D

hCYP2C9 ruGT2B1
ERCYP2CORIRBER (RIG1) FYUGT2B1 £ BEER (KIE2)
REMEER

4'0OH-diclofenac: 166mg/L
4’0OH-diclofenac-acylG:97mg/L
(1mM diclofenac & it &)
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-SulfoBiotics- Sulfide dibimane
-SulfoBiotics- Sulfide dibimane (S34)
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Sulfide dibimane [Code: SB15] Sulfide dibimane(S34) [Code: SB16]
CyuHzN,0,S #Fi& : 414.14 CoHzN,0,8 #Fi& : 416.14
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1. WRILKFA TV EED-HDFEME
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Monobromobimane ZR L\ /e A mEIS. RULESRE CLRAMEDS
WRIbkEREEE LTRIBEEINTLVEY, Monobromobimane
3. FA-IFERNERSNILEITHY . FbkE1 D70
L. 2 2F®D Bimane h'#&& L/1=1t&%) (Sulfide dibimane) %4
BLZF9 (1), Sulfide dibimane |&. monobromobimane #'%
WEFF PR TAVEEDFA—ILEMERIS LT
bimane 1t &% & D HPLC DEENRIEETH . FeEmLTI=1tE
MhENERTDH. BAGRHICLIERESNNTEET,
BT Tld. Sulfide dibimane(S34) EBENHEE (MS) ZH#H
TDIETEIORDISREMMESERMEZER L IEHAENRS
TN, WILKEREITTIIHLS, SHEEB T2 DEEYED
SEHEEBImAE LTI SN D DHIET,

Monobromobimane Sulfide dibimane

1 Monobromobimane &R EKEDKIG
HPLC KU MS ICKDIEA

Monobromobimane & HS’
EECY U TIVEDRIG

HPLCERHT | | Ms#ERir
> 7 I HRDSulfide dibimane & > 7L R?DSulfide dibimane &
[SB15](DE L3 E % LhE LA [SB16](D MS £ — & s % Lb 8
KEA 7 VREEEH UIRALREA 7 VREZHE
ara.2opy SUlide dibimane(S34) (Code: SB16]
Sulfide dibimane monobromobimane 100 ¢ MHE 415.471M-H)
AN
3
¢
S
i 9
2 *
K
3
R
12,5 15.0
Time(min) 40 412 414 416 418 420

2 HPLC E&#rfl 3 MS EEHrfl
- 58 A=H—2-F
-SulfoBiotics- Sulfide dibimane 10 nmol x 5 SB15
-SulfoBiotics- Sulfide dibimane(S34) 10 nmol x 5 SB16
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Fluorescence imaging of siRNA delivery by siRNA-selective fluorescent probe
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Summary

Small interfering RNA (siRNA) has been gaining much attention
as a next-generation therapeutics for targeting previously
‘undruggable' diseases such as cancer and viral infection.
However, the practical implementation is hindered mainly by the
development of efficient and safe delivery carriers. For the
successful development of such delivery carriers, useful analytical
methods including fluorescence imaging are strongly required to
facilitate the assessment of siRNA delivery process at the
molecular level in living cells. Here, we briefly review conventional
imaging methods for cellular siRNA delivery, and then we present a
new imaging method using siRNA-selective fluorescent probe that
we have recently developed.

1. LIS

1998 4E|C A. Fire, C. C. Mello 5IC LD THER I /= RNA F5
(RNAi: RNA interference) V. 7E 5N RNAI 2922 EAVR
INF=NDF RNA “E3H (siRNA: small interfering RNA) 2% ([,
15 EHFTUDEMEDBORBNEESEZLZZTIN\D, ©
IR7E. siRNA ISEBGFRIR/NY— 2 &FIHLEDENBY—ILE
LT, ZOEAUHNLELROONTEY . HICRETIE. HAY

DAINARBIYE, SERBENDICINETOHEBMRBICIT L.

BELETFLNIVTOBREREZRET DR EZBERERE LT
HEEITEIHR - BRABRIVERLLTIVD Y, LHL siRNAE
ERRMNMBEFOTH D 15 FibEL =2/ RE. ARICEDEHD
IF78 0 (2016 F4BIRHE) . ERALDEBRESINTHDDA
SiRNA Z1ZRV 1 - MfaNEE T 27N —2 X7 LDEBET
H. INERRFICRERIER (BAME., B1E. HENERD
BE) RN ITBDFEORENDEELD, BT, FH4<ld siRNA
BIRMEHESHEEBE I 2B TO—-TJ2BE L. ZhIZEDL
JHE®D siRNA T /N —BIBDA X =2V I@BITiEERELT
D, T TIIsiRNADRHEBRBEDA A=V TBRITEICD
WTIEZHREN OERICHEI LR, BAMBRELIEAXA=D
VOFERERNT D,

2. siRNA DIBERIFH

SiRNA (Z—H&IC 19-21 182 KD RNA &8 (dsRNA) Th D,
MBEAICEVdsRNA DB A SN D & HIEICTFTES D dsRNA
YR (Dicer: RNase MMD—7F&) (CXK WIS T siRNA A4
BIDY, ORI KiFlC2BEROHE LA —/\—/\VTiEiE
R T D, siBRNA | RNAI #BDH %385 Argonaute %7 >/
2875 E E RISC (RNA-induced Silencing Complex) &A%
L. ECT4FRMEIZER RNA IR EEH 9 DH. ZDRISC S
&13 Argonaute 57 > /X BD PAZ R A A UAF—/N\—/\ T iEE
DHPAWURAGZETEEMLTLNDY, BFE. tFERIND

siRNA [CId. 25 L/=BiEZEL T 3 KRixlc dTdT (ZAF 1
RFZIV) FA—=IN=N\VT2BEAZNET D, PAZ R AA IIHE
KEDT I /BHIMRESINZRT Y NThHDH. EAKHBEAE
hEOF—N=N\VIBEETELND, GO MEIZD=0H
([CdTdT ASRAEEINTID Y, Fh. A==\ T8RRI —
IN—I\ T DR NEHE dsRNA EEEEL T, XL 7 —EHR
EDELEICEES5T 5,

3. siRNA EEDEALICmIT-RE
MBEZERREICHZOTIE. ZOBRMEDES HILUHMAEE
FRMDEIAARSRREBEELD, BEMHEDOESTIIRNATIE
BFICEETHY ., 2EZITKAD RNA 3 FIIMmAH TOHBEH
2-6 DEMHTENY, F/o. RNAISHKEDR) 7ZA>2TH
. BICFELU/HMRER BBE-ER) 288JI52&1dT
TR INODREERIRT D726, siRNA DILZELFDF+
) PICEDBERMASER SN T VD, {LF 58T siRNA DEE
ENEMMOEE Y PRE D 2T ALK DERHEOREE " ICFS L.
RNAIMRABESIEBDZEEARTHD Y, TNETERBIN
foIXBEEESR 3 5] (Vitravene, Macugen, Kynamuro) |30\ 3 Nt 1t
P2EMEMRINIZEDTHD-ZENDE. ZOREMNSHA
ZDo CNICIATEBANDEFIFAZAVEN, BOFEELT
SiRNA EEEZBFETDIHES. FrUT7OMBEMNIIBRETHD,

4. RABLDETHDITINI—F+U7
FUSY—F+UTDZ< I sRNA EBBHEEEREN LT
SIRNA/ % PEEHETA L. RNase 1" S5 BEMEL. 01
ROBEERH T SREERLCT . SRNAEEOERILICBINT,
BNEEENERDF T P ORI EREMEEEXSNTL
2, TNETIEBLOF LU THBERINTNDH, ZOHTE
LRALISENEELNTNBDN, NFAVHEEEN—20D
FrUTTHY. ZRUHE DI R T—R—2DF 11 7Th
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(A) (%]

- R, - Em
XA RN @
@/ B3
Ex/

FRET

Fluorescent nanoparticle

(B) (D) Ex Em
Ex Em /
7,\Y1 %\
Organic fluorophore Fluorescent base analogue

Fig. 1 Conventional siRNA imaging methodologies.

(A) siRNA bound on the surface of a fluorescent
nanoparticle. (B) siRNA modified with an organic
fluorophore at the terminal. (C) siRNA modified with a pair
of two fluorophores. (D) siRNA modified with fluorescent
base analogue(s).

Ex: Excitation source, Em: Emission signal.

%9, Fv 1) PHEIHI=DTIE. NEBLT= siRNA & BEEAE X
L. RELIFICHESO siRNA ZHHE UEEITD8E0 (1RE) A
KROOHND, ZD=HICIE. F ) TF7OEEHL DREELD F&ET
&, FOEREENEES MR TAFLNIVTHEiT 22 &H
WETHD,

5. FUN)—BEODEHBRRAANA=-D0D
i
HRERAD T /N =823, BHA A= THEMi=FBT
DCETHRREICHDUTIVIA LTERTAETHD, TUN
1) — 3@ 2 |Z 13, siRNA D Bl V) A & (uptake). #H B2 N & iX
(trafficking) . SiRNA B (releasing) &\ DB MEEIARE
BN HD. BEFFIC siRNA B A (ZL D RNAIEIEDEE g S

MEHE ST OIS S siRNA BB ITEBELTHDIZH.

BRI ITENEBEE siRNA OF v PICEBHTD2BELNH D,
TRICEFEDESNIUBEICIZTZENZNOEY - Xan'h. 7
/N —BFRRDARTHBRITA SR N R D,

5-1. ¥ UPDSNIVE

BF Ry MEIILHETDENM S /HFIT. ZOREPHH
HEDREENBS T, RAMBEERE LT O VEgEE S/ v T U7
IWTHD, ZORAEICSIRNA ZHEREEHD\IERBHEEIER
ENLTEBMITDZET, F/RFAFUN =TI T7ILEL
THEETDZENRESINTLVD (Fig. 1A) 0, —fRIC. BigE
REURDEBENREBELICK VBN EMEZEBLT
S, BAMF /KNFEFL)7ELTRHIWWNIE. siRNA/ F /K
FESHEOR AAPHERXREBI T DI ENFTEETHD, LHL
FT/HRFOATEER T DN RIDLBEDTEZDSENESS
NnNcsd, IZE<KBAOONDIBEECRIV—XN—XDF+ 17
[TEEHNMTHY ., ERERNTREEEBMHIDIEIEINITLER
STIdEN ZDI=DA A= J@TICERARERF V) 7IC
I3HIRN B Do

5-2. siRNA DS NJUk

HHA A= TEDZL I sSiRNANEBRENBEE LA
BTCEMIDFEEZRNTND, COAETIIHROEAEERE
siRNA DFRIFICEE L. EFEDF+JFPZRNChZ R Ty
3 &{TDZET. siRNA DEWIAF - HIBEN S E%E BIF BN
ITDZENFEETHD (Fig. 1B) ', HFICELYK 2 BEDBEE
@ — siRNA B F I D & T, D FRET (Fluorescence
Resonance Energy Transfer) > J 7 )L EBRTICAND I EHTE
%19, FRET I3BEBLINEELIERICOABONDZH. ZD
I FIVIETZEHIRED siRNA ICHR T DR THEN TH D,
BcxDBEDITFIVEEZIE, BV REETUFEURAEEX
ALTENZNOHEOEFH ZR 2 IZHARDIEETES (Fig.
10), FEBAMDOREEEZB VB ELERINTND
(Fig. 1D), B} b 2 $E#&IK PhenylpyrroloC ™ Y 7 =
BETHDF 7/ — L7 L > (TO: Thiazole Orange) ¥ % siRNA
[SHAAL Z E T, siRNA DOHBARERAAHD BT TR,
RISC #&MHAT R TEDZENMEINT\D,

—RRIC. EXEEDBENL siRNA & RISC & /N OB EDHEE
ERZMBAEL T, RNAEMDR VD ESIERILCLESZEN
SRRET. BEEMIE LT, B RBHD 5 KimA#E S E siRNA D
ALV TEEORD A RNRICHZOND Z EAMBN TN
219, Ffo. NIRRT T3 % siRNA DRDE%DH%E
BEEMSRNAICBIRTDZEELIFLIFTTHNS, LAL. B
FEOBABRISILEBNEKENSL<. I NIV KU TREDHR
ANEREDCY VINVBANEFRRELTLE S LICKDBE/N
F—2DEALISEBNRETH D, IOICELDBRITHEICEN
DIFIEFELTINDI=H. siRNADDBEINI=DBIIEH]T S
BENSDITFIVIL. siRNA DEENERIRL TUVEOERBES
TFHIVERBDRLBH EEIRINERATHD,

6. siRNA EaMEXTTO—TICLD7 7«
ZTF 14 —=INILEDRFE
FERDA A= TEMICKY . siRNA DHIFERT 1) /N1 —iB
FRDBRRISIRERISEATE o LA LL<SANSNTIVS siRNA
DEXREEEIZVHIE [siRNA mimic)] THDZ EITSEFELRELT
NISESE. BICHFENFNITZEXRETLESIRNA T L
siRNA Py-AA-TO

5. CGUACG CGG AAU ACU UCGA XX -3' g e Q’*&’Q
@:k“n {’k«) o .

3-XXGCAUGCGCCUUAUGA AGCU -5 !
UNJ&NJUEIM =

Pyrene (Py)

o
overhanging \ 5

nucleotides

double-stranded \

helices 7

Initial conformation

Peptide Nucleic Acid (PNA)
Double-strand recognition
o\ & light-up signaling
Thiazole Orange (TO)

Fig. 2 Probe design and possible binding mode of Py-AA-TO to
the siRNA overhang structure. Chemical structure of Py-AA-
TO and the siRNA sequence against Firefly Luciferase GL2
gene are also shown. (XX = dTdT, target siRNA; dAdA,
mismatched siRNA; none, fully-matched dsRNA)
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Fig. 3 Fluorescence spectra of Py-AA-TO (200 nM)in the presence
of an equimolar target siGL2(red), mismatched siRNA(blue),
fully-matched dsRNA (green), or in the absence of RNA
(black). Inset: fluorescence titration plot of 1.0uM probe
with 0.0-5.0uM RNA.
(Reproduced from Ref. 16 with permission from the Royal
Society of Chemistry)

HABREHRBRESTER I DI . RNACEEDEA &V
LR OMBEZES|IERITERTHY . FIAX M7 YEAD
FEEOE CTERLTREDFEEIIBSRNTHDD, DFW
EEELTORKDE - #EEZF D/ siRNA EZBW\TT U /N —
BIFTCEDZENEF LI, FITHLII. siRNA [TRIRMITHE
B92EAMTO—TEZRNET 74 274 —INIUEEZERE
L7z 980 BEIEEBRBETENSRNAZINILET D EN
TENIL siRNA BEANDBEREHHAABELY ., BEAEZHL
2% RNASEEDE T REBES T FILE WD I=BEADIH L
BORERICIEDEE R o, BRRICAITOZ M BIEM. ABMOE
THEBN=ATEEHD I EEEFTE S,

Target siGL2

FlInt. at 534 nm / a. u.
3
3

/ &
86 1o 20 30 40 5o
[RNA]/ M

Mismatched siRNA
Fully-matched dsRNA

Fluorescence Intensity / a. u.

6-1. siRNA ZIRME X 70— T DR & ESEETM

HEATIIZRZBELSAEBEEZEDRNANKEIZEELT
D, ZDLIEBIERNT siRNANDEIRN S ZZERT D/
DI, ZD 3 KA —/N\—/\VT@EE ZDIRED_EHEIBMZ
waESMIE LTERBLE (Fig. 2) 9, A—/N\—/\>7J 2 18ERH
BRAI&E LT, FNEEMBME 2 IBEXTF RZEE (PNA: Peptide
Nucleic Acid) Z#EAE1&E L TR, 20 C RIFEAN_EHEDHIL
fi1& LT light-up BA 5 —HL—5THDF 7 /=LA LD
(TO) Z&E#ELTzs IS, NFKRiImICIFEL > (Py: Pyrene) %
BT DI ET. TO—T Py-AA-TO #187=,

Fig. 31 7A—7 M TO BPAIFARDEBEM R EH IR ML %
9. —EDERIIAYIINIGITIS—EGLR2EEFEED
siRNA BL%l (siGL2) &R (\zo JH— TEKTIE TO BBAIARN
ﬁ_h ECRLNDZ EICKDEEHELEICLIITZEENLTHD,

IANEED ATAT F—/N\—/N\> T 5F T DIERN siGL2 ZHRMNT
ét\ A0 BAEDBHEFINEIBRZR LIz, ZHUIITL—2NE
IZH T 2REFIT 100D 1 BELFEEIT/NI D END. TO
ERALIS —EEHDIBENENES L TSI ENREBEIND, BE
WREIANDA v F—HL— 3 kY TO BIDEERAHIH S 1.
BREEZS light-up ISEHW'BUHI SN EDEEX OND, /. dAdA
F—IN=IN\VITEBFTDIATYFsiBNART—/N\—/\>TD

cytoplasm

probe
% + carrier transfection

SiRNA

siRNA/carrier nanocomplex Living HeLa cell

(B)

BF + Probe + Hoechst

(A) Schematic illustration of fluorescence imaging of siRNA
delivery by using Py-AA-TO as an affinity-labeling agent for
siRNA. (B) Typical fluorescence images of living HelLa cells
at 3 h post-transfection.

BF: Bright Field, Green: Py-AA-TO, Blue: Hoechst33342.
Scale bar: 20 um.

(Reproduced from Ref. 17 with permission from the Japan
Society for Analytical Chemistry.)

Probe + Hoechst

Fig. 4

BNTILY Y F dsRNA I L THEHEEIT 3 5D 1 FZEICH]
ABNTLVee 2OZENSTO—T O PNABRZA 7 —/N—/\
VUBE, BOUICZDREERBIL TSI EARBEI N,
TS5 UIEEIRNEASZ L RNA HYEE (~518) ICBEELRESE
HTTHEIFEINTLVE (Fig. 3, inset) s —7. Py BuZiF/-74
W7O—7 (AA-TO) ZR\/=18E. RNANWSELILEET D&
siRNA BRI LB EANEIIRONEL D=2 EM D, Py BN
BIRPESICBWTEELREZRZLTND, 98h5, X
SUF TR ﬁ@mL\PyE%)\?Z‘J ElC&Y ., FO—JIE 1O
BB E PY BB CAFRASYYF I LIENBEBEEZEDED
(Fig. 2 1) . TO BMIBEMADIBRIRM LIS (ZEHEEBAINDHE
&) &#IFHIL. siRNAERMEA @ ELIZEEXTINVD, 2RI
2T, BERFICIIRED PNA- 7 —/N—/\V TIEETIAB VAR
TBDET2BEDEENTERZRETD [9FF v/l &L
THELTWSEHBIL TS (Fig. 28H),

RTO—TDREBEER (Ko) ZBABFERBHOSEHLIEES
2% (Fig. 3, inset). 1.3uM &3kFEW . INISEHEL RNA ZE5H
ICX I BDE (7.0uM) LUE5BUAENSNZEDDD D &
512, dGdG #A—/N\—/\VIHREICFLTIE. P b UIEEZE
HAARETO—T BB ETEAEDERENEON-Z &N
5. NAUDH DA FHEATHDEEZD,

6-2. siRNA F7UJ/\V) —B&#R

0 \T Py-AA-TO %& siRNA D7 7 1 Z7 14 — I\ UL & GE
BREESICEDIINIMEE) ELTHBL. TUNY —@ias
HI= 1817, siGL2 EHED Py-AA-TO 28BS LB EARP IR
Y —R—=2Z2DF 1) 7 (jetPRIMER®, polyplus) &ZHFMT DI &
T. ¥+ 1) 72 Py-AA-TO & siRNA DR N E = /- (Fig.
4A) TOLTHER LT=siRNA/ F v ) 7EESEDOFEHIRZEIL
238 nm T. JO—T&FRMLAHLDIIBE (227 nm) EEEE
Tholze ZDEEEDARE Hela (E N FEWEH A) MDD
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Fig. 5 Fluorescence images of living HelLa cells treated with Py-
AA-TO/siGL2-containing complexes (green) in combination
with lysosome staining (red) at 4 h post-transfection. The
colocalization of Py-AA-TO/siGL2-containing complexes
and the lysosome-staining probe is detected as yellow
spots. Scale bar: 20 um.

(Reproduced from Ref. 17 with permission from the Japan
Society for Analytical Chemistry.)

IBHIARIL . 3 IFRBIRELBEMIBCHEL/-EZ S, MRREIC
Py-AA-TO DEHX T HILD SRR ICEAI S/ (Fig. 4B), &
NIITY R A M= ATRURAENESHATIY RV —LK
ICRhSYTESNERETHDEEAOND, ZONBISERHNRE
DEBMLAER. ©OHTU VY —LANRET D, EEICUY
V—LFRBEIEOERLBRENS. BHAICTO—-TDIFILOD
KEAN VY —LEER DTV (Fig.5)e SITEERT
. 7O—TDITFINSSRIDEERATIIHMIRELEKICIIR
5NnY. BERIOBRIRN TH D=2 EThH D, Alexabd? =S8
L7z siRNA B VCRBREREZ1TD & Alexa DT+ )LISHIR
BEEICERAESNZ &M S, siRNA D—ERIEZ DI —I1
TIIEICHRERSEICMES N TS Z EPh ot — A, 7
A—T D TFINIZEHhOTESKRICHRT DaRBEEZR LT,
INOOERENS, Fa4DTO—TId siRNA/ F+ 1) PESTR (18
BIEIRRED siRNA) AEERIICHRELTNNDZ EMDH DI,
ZHUSBEER—ZMDF+ ') 7 (Lipofectamine2000®), invitrogen)
ERNCEHEEETH D=,

ZOMEIZ. MEENEYIAACHEEEET DEICEDHTHER
T. BEEE L/ siBNA ZF B9 DHERETIIRE LR H AT BE
ERKD, FxlE. NBESh2 70— ~14 M N)—=EBI\T,
siRNA/ F+ 1) 7EEHRERU A AR E TO—TJ DB
T EEHT2IETIHEiT D&, HEHARME 1 BT 76% &
BiEE 5N, ZNid Alexa-siRNA =B\ = REETESN=83%
EWDSEBEEIZIZEERETH D/ (Fig.6) ZDZ EISHIBBMNE
AADIHBEEFEICH N TII. EESMIRRED siRNA DBV A HZE
EMICTHMACED I EERELTINVD, S50, HEHAME 4 85
BTEhETRL, 20 FRAF CEERBAEBIILTHDE.
A—T DT FILH A I NDMBREIIFR< I L TN Z &
Doh o7z (Fig. 6)s ZOERIIESHRNEETBICLIEADT
TO—TH siRNADSERBEL . BT FIVH A DIZE Do
THdDEEZIOND, R TO—TDITFHIVEDOERERIL

B Py-AA-TO/siGL2

- .
100 Alexab47-siGL2

80

60

40

20 '

0 _ ]
4n 8h

1h 20 h

Flow cytometric analysis of HelLa cells treated with Py-AA-
TO/siGL2 (black) or Alexa647-siGL2 (gray)-containing
complexes. The percentages of cells that exhibited
fluorescence at various time points are shown.
(Reproduced from Ref. 17 with permission from the Japan
Society for Analytical Chemistry.)
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Fig. 6
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Effect of the use of Py-AA-TO as an siRNA affinity-labeling
agent on the gene silencing activity of siGL2.

(Reproduced from Ref. 16 with permission from the Royal
Society of Chemistry.)

Fig. 7

bLZE12BFBERBEON. BUDF ) P THRESINTIND
E® (3EL, 2T, A7O0—T =B \hiE. siRNA DffREH
BVSAHZZTTEL . ZOMHE (H2WNIESEORE) HEE
IR D ENARETH D, —H. Alexa D IJF)UIS 4 B5E
TDWBRENDEDEZE 20 FEBREENRONEN D/ (Fig.
6)o ZHII. BREBEHLIIBETIIBENESHENOHMEHIN
/=1 %t. sRNADRREICH D DHSTHUKITTNDIZH T,
SIRNA DHFENER VW IAAISEEITTEDEDD. ZDED siRNA 8
HBRAETMIT DI EIFTERNZEIIED,

6-3. RNAi SEENDEE
FATIIINSTIZ—ET7vEAIZEY, sRNADT AL
VOEMESMEL. A TO—TTT 74T 14— NIULLTE
SiGL2 ZE A L/BD5EMIL. siGL2 BEDEL EFRET. #
80% TH D= (Fig. 7)o ZHUI siRNA A'F+ U 7H 5B NS
ETO—THSROMNZEREE L /=R, 1 > 5 0 N3 siRNA AR
RICEESI N EEron. 27071282 INIUEIE
RNAEMICREESZ BRI ENTRB I N, £SEIDRE
FUTIITO-TEAILLDMREEIIESNEL D/,
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PlED&LSIC. £TO—-THBUVERFTTIE. KD siRNAE
HEFEERB DS ER—EDMBEAT /N —iBfEZa R -
i D ENTED, HEREGEN LEEABZEDINILEIC
BEOKRRDA A=V TFREIERY) . BERELTERRDBE
EEHAEEMIFL /- siRNA DT U /N —BIRZA Rt TEDm
2. AFEDOAREWLMEN DD,

7. BHYIC

FITEZDERND SiRNA TN —DA A =DV TRRIFTIC
DNVCTHEL., BADERELTHDHLIWNA A= TEICDN
T fz, siRNAEIRMEEN TO—TEFALIZsiRNAA X —2
VOEIE. Fr ) TICHE I NIz siRNA BBIRMICATRLT Dm
1A B Y . BERODE AL - XN OEEHEIBIEE T AP
IS D ENFARETH D, £lo. FrUTICHLBEABES
BT DMENZ VD, EREDEELDF VI TRFZEDE
DOMEZETHEL . 5D siRNA OJEME & DB A &KV EFEIZEHE
LESRLENHHELD, TOIEIRX N DEEMEDOSY
REDMEE L TRERFREL D,

—75. BFLNIVTOEEICMZ . BIELXILTD siRNA/ F+
| PEEEDEYEIRERD RNAI SEMEEDEBEZAND CEELEE
Thd, ZDOLIENHTIE. BREXAPAHIEDFEEZRELE
TRTNEKA AT TLUE BEFRERERS (PET
Positron Emission Tomography) > B — % F [ 51 itf 8 i& &
(SPECT: Single Photon Emission Computed Tomography) . 1%
S[IIEIBEEE (MRI: Magnetic Resonance Imaging) . SRR
EEAWN=WDI®S Tinvivo A X—=220] WNEERRICEEL
T2, BYIBEI)TAERBEIDIET, A A=—DVITH
fifld sSIRNA EEDOERRICEITT-ARBEICSNTRALINF
ELBDEEABND,
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Mitophagy Detection Kit
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Si-DMA for Mitochondrial Singlet Oxygen
Imaging
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