LSE 54

Molecular Glues for Nucleic Acids

in Biomedical Applications
(BB D A R 2EIGFH D 72 8 D 4y TR D %)

A &



Molecular Glues for Nucleic Acids in Biomedical Applications
(RO EEZICAD T8 D53 FHi DS
EHEAfRE 37-197132 KiF =

[1] &S

HMBIGBEBEROBARE WS EYSNAEEECZ, BETAEEE L TERASEFIN TV,
ENDFARIMSENICRES UZOEEESIET 2120, BEICEERFIZRT 32 & lc &k DigREIE
EWERD U R DBHI NBARERERD 52, SSICILEARTETH D, EBRHAFEBW
BN ERIRRELBRIA TS —OHNSHENICRHET & ICL > T, BABEBODBH - A
BENEEHT DI ENTREERD, COLSBEMEHEANS S, FEHOKRIIYWEBLEN - &
MEMRERICZ LW e, S5RIMBEROREICAT. INE TICHBORELHEHE < 5
HENTEfc, MBEOEKBEL Y VEERICEECHEMEET 5L, SRR RBOEERRICT
B BBNNH D, T, RRREOABHICER L. AFA VMR T — L OBRBEREEAENLT
%ﬁ%%%ﬁB%ﬁ%—&%?%éﬁ\ﬁuv—&w@é%ﬁﬁ@%w@:&tw\%%%E@ﬁ?ﬁ
HMEERIDIRIEIC & 258 - JORE & DRIENEL B,

WIFR S L — T Tl ERBH FRAEICFLERANICESY

% IOy EERLCELN, DFMIES 7=V = Lc+> (@  Adhesionto DNA/Protein
(Gu+) ZEHBELTED. ¥ VI BPKEE E DEFRSHF HN%’“@H%_
REIWFEETDAZT I TP AV ELMNICEREZTKT D &
TRABEEEERT S (Figure1a), —A. EILBHICEL &MMM&Mmmom%men

(@)

TRRE NOAEDY VN BEE EREETRRT 52 DTS \’)k' LV Light
RV T71x/Y BP) A=y MR FRICHEMAL Z &ET, 2
FHID Gu+ic X B1RE DIRREZ NI RI R AE HIRREN & B
52 EICHMIMLTWS (Figure 1b) 12, e
] guanidinium ion (Gu+) of molecular
KR TIE. P FHIZER & U RBEERE O EMME Mz glue and an oxyanion on DNA or
FEU. MROEEFHHKEEESHDIEZBNE UTce 2ZT proteins. (b)) A photoreactive
[EEFIC. (1) sSiRNA KKV (2) DNA 7 75 ¥ — D b IcE R benzophenone (BP) unit forms a
EB\, AALIIUTOEEISER SN, covalent bond with biomolecules
U)wWA%%i&bn\%M@EA &> TEEADY locatedinthe close vicinity.
NVBEEAZARICL. 205 VNV BEOHEZMAL
HEEOREBA D siRNA EIRXICARIN U oo
(2) DNA 779X —/1BIY VNV BEERERIET 2ARSEDFHZRFE L. KIck>T DNA
P7IR—DREMRZ RS, HIEEZHIET S & ICThL .,

Figure 1. (a) A salt-bridge between

[2] ABEEAND siRNAXEEZRRT 25 VNV EHEES/ H 7N

siRNA (&, RNA THIC K DECHRENICELTFRIZRZIGE TZ 5o, BEMERAGEAEERELT
I T\, FEEMEH ST 50 yum OBEBICE TIEAL TH DB, RARICIE siRNA ZZD LS
REREABANEXZET Z2RENH D, ULH U, siRNA MR TOLEEMICZ UL, TEEBERANDZRE



FZ0T A ZPRABRAN SR ICHETH D, INFK
TITFEAEBA D siRNA FEZ KM U R A IREREAD
R INTEH, FE 50 um LI EDEMBIC siRNA =
BXTE2DDRFBESNTHESTU, KEZFETH
oo

—iRIC, WUNSERAETHEBAN DI - REICEN
%, UKV IL—TTlE. siRNA =R E LT Gurz
BIDE/N—ZEEIETZHIET. 10 nm BEDOR
HINE/R siRNA RBF/ W 7L ZR/B I EICEINL
TW3Bl, 2 TAARTIH. 2DF/ h7EILIC TR
pEEE (RS Y AYA =Y R)) EEZE DA VR
Zx)y (T ZEMT 2 & T, $EMIC siRNA %=
FHEBANEEZETEZDOTIFBWAEE X 2 (Figure
2)o

FU I, REAIICT Y RENZEHEA SN siRNA
ANEBF /7€)l (A2NCosiRNA) =B L 1z, AIEIC
7IRE (Az), EHIT
EREL. AVRZERMIT B &
HEFICHEITT D (Figure 3d,e)e S 5I(T. Tf DIEE -
2 F# (Figure3b) & BP (Figure3c) 1=

(a) Azide N N3 N3
§ § §
OI HOI Hof 0
Guanidinium 0 0 0 o
(Gu+) lon o OI OI OI
STrt oH Gu+ oH Gu+ oH Gu+ oH STrt

Q. w W W WO
® S NN NO AN NSO AN Iy Oy iy~ S >
H H H H H H
o " W

AzGu (Macromonomer for Nanocaplet)

(b) Gu+ (©) o}

Gu+ Gu+
2
ﬁHz ZNzi:H K o\\\
HoN NH 0 H)l)’\NH2 BP-alkyne
(d)
--—8Trt + TrtS—---
% ¥ o
é --._S_S_-.-
GSH |
Glue-alkyne =-—8H + HS—---

‘Template-Assisted’
Oxidative
Polymerization

AzNanocaplet (A2NC)

siRNA-nanocaplet Transferrin (Tf) Tf-Receptor

Cell Membrane
Endocytosis

Tf-mediated
Transcytosis

V¥ Exocytosis

Figure 2. Schematic illustration of siRNA
delivery into deep tissues with transferrin (Tf)-
appended siRNA nanocaplets. The
nanocaplets migrate into deep tissues via Tf-
mediated transcytosis.
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Figure 3. Molecular structures of (a) A2Gu, an azide (Ns)-appended telechelic macromonomer for
nanocaplet, (b) Glue-alkyne, and (c) BP-alkyne. (d) lodine-mediated disulfide bond formation and its
reductive cleavage by glutathione (GSH). (e) Synthesis of an siRNA-containing nanocaplet appended
with transferrin (Tf) units (TNC O siRNA).
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Figure 4. Schematic illustration of the experimental setup for obtaining cross-sectional confocal laser
scanning microscope (CLSM) images of a Hep3B spheroid. (b,c) Cross-sectional CLSM (Aext = 488 nm,
Aobs = 510-590 nm) images of Hep3B spheroids at depths of 10, 30, 50, 70 ym from the surface after a
3-day incubation at 37 °C in MEM (10% FBS) in the presence of (b) TNC D siRNAA488 ([siRNAA488] = 100
nM) and (c) siRNAA488 (100 nM). Scale bars = 100 ym.

BA Uz (GueBPNCosSIRNA), & D GlueBPNCoOSIRNA AR Tf Z7RIM L. 82 (310 nm, 10 min)
ERETZEICED. GUEZENL TH/ A7 EILREICEREZESNICRES SN TWe Tf A BP
DHAEZRIGIC K > THBEEENICEEL S Nfc (Figure 3e)o

BIREELEL (DLS) ER KUY A AFBREFIEMEE (Cryo-TEM) EBEMN S, Tf (£ siRNA RE
F/ A7) (NCosiRNA) (E#0 15 nm DR Z FOM/INGIERRMETH D EMNHBALE, 2D
TINCosiRNA DFREEY D AHBEZ SN S T8, HIN BT Alexas88 TIEH U /= siRNA (siRNAA488) 7% FJ
WT THERTF / H 7L %A% (NCosiRNAMSE) L, MEM s b AR Hep3B MBI~
moons., Mgz HERTEME (CLSM) TER Uz, RIED siRNA ¥ A2ZNCosiRNA & B L. TNC
ICABEINEIZAITIEZ < D siRNA HHEAED A E N T W,

22T BA& I3 TINCoSIRNA OIRIBIRELE A BN 2125, Hep3B i1z AW\T 3 XTEEABTET
L (R7 A4 R) %KL (Figure 4a)o SIRNA B> FILENNZ f= MEM 353 (10% FBS) SR TE
B, A7 04 NMEZHESRBERIEICK > TRE U, RS 70pum ORERICE W T, FOEICH
SIRNAAS FISEDRHANBER S NI- 2 EH S, TNCoSIRNA (d. BE~70 ym £ T siRNA E#% LT
ENEESHER S 2 (Figure 4b)s —7 T, RIERT SIRNA © TFORD D ICY Y MBEF7ILT I (BSA)
ZAWTHRE UL/ AT7ELIE10um FEFTTUNREL BN > o (Figurede), CDIERIF. TIH
KDORZ VAP A =Y RABEICE T NCosiRNA R 7 zO4 RFEEHE CHEI N EZREL
TW3, &5IC, TNCosiRNA ZHWT, BREGIIREEZ R C LR ERNELTFORRZINET S
ZEICHBML T,

[3] DNA 7 7% ¥ —DOBEBMR & R T 2K RS F R
DNA 7 79X — 3B ET DY VINVBAFWEEEEEBS, MO HY ROFEDEEEHEET
BT EICED I VI BOBERIRZINET 2, FOYBEZNLAEEELEROEES. BNET S



KD FORENBE THZ I ENE, MIFICEDLZEREEE LT, RABERBEDREEE UTHKE
TEABEMZEMDTNS, ULHLEBHNS, BT VXV BICTT S DNA 7 79 X —DiEEHIER+9
THZDIEDEL, ERIUANDOKRELRBEEL>TWVWS, INETICDNA 7 79X —/1Z0N5 >IN
BEAHRDOEELDEE S U T, DNA SENDOXEFHLOEANEZ SN TE . ZD L SBEE
BilE 7 7IR—DIUEEEEZEZTCUESBRNDH B8, 7 TIN—KEKDFBHEZRU B2 &ICD
EVAFACN

AIAFETIE BRIDCZEHZITS I LR DNA P I~ —

/1ENY VI BRI OHEEERZARBIC K DIERT Z2FEDHM ﬁ\@ BP
WICWD AL, T ZTIREIC. FFlREEMERT (Hepatocyte ® O@ @ Gur
Growth Factor, HGF) &1 c-Met NKERICHER I 5 2 & TH HzNJLu}N ﬁ';}{ N {HJLNHZ
51TW3 DNA 774 < — (SL1) MERNT, SL1/c-Met 18 Y g M
EEHICE > TRENRT BT & ERMo HGF DY c-Met NFES OIO % ofo

2 &, BHROEECEIEZFET 5 EAHSNTH DEL SLT NS

7 7IR—DEEMRENIC & o THERT DHEATIE. DNA 7 7% ch

0PN OOy,
H

N—ZRWEBEREDICHICEETH %,
FU®HIC, SL1/c-Met EERDHERFI-—_v & LT BPE
NN Figure 5. Molecular structure of
KO IRE (N3) 2B Y 2HRISGHEDTFHA BPGlue-Ns ZE R L photoreactive  molecular  glue
(Figure5). BEHRDOHEHENBRLELICOVWTHREL . M srglue-Ns.
fAfEY >INV ETH B c-Met [FAKBRPTOERD IKWHEEETH
31z, Ko DIT SL1 EEFMIZED c-Met HIlgA R A1 Y ZRE LT Fc ¥ > /XUE (c-MetFe) %ZfE
FAU foo RifICHETMERIGITTSR U > (32P) Z 188 U fo SL132P Z 5RE L. SL132P /' c-MetFe & AIC BPGlue-
Ns ZBE. KERE (865 nm,2h) ODE, BHERYFZIYILT I RTILEXIKE (SDS-PAGE) %17
1o fce KEIEDT LD SIE. BPGlue-Ns/SL132P /c-MetFe D 3 YBEREBRICKBRIFNZEL IcHZRIC
FRD. SL132P & c-MetFe DIEFENTERD

BPGlue-N3s Azide

iz (Figure 6) Z DFERIE. BPGlue-N3 (a) Ag Staining (b) Autoradiogram of (a)
A SL132P/C-MetFC ?’E’S‘{leﬁéj\:ﬁﬁ%é gic SL132P BPGlue-N3 SL132P BPGlue-N3

c-MetFe ; c-MetFe

ZELIECEZRULTWS, £fc, =X

~UV —UV +UV —UV +UV ~UV —UV +UV —UV +UV
3% FAM ’é%%‘é’kbﬁ: SL1 (SL1 FAM) ZF (kDa) U | <—(IV) A ()
W EEEERIC L D, BPGlue-Ns & SL1FAM 240 0 o me ':(('i'i')) )
NBCIEET DI EZHER UL (Kassoo = 107 | '

100 —
3.8 x 107 M-1), A (365 nm, 10 min)

ABET2E BP (& SL1 & HEREE
BL. S5ICiE. MERahEBPASOT 07 e
2L F—BEIC L > T T Y REMNIEE(C

RISEOSN- R Y EB2 T EHNIES Fi.gure 6. (a,b? SDS-PAGE profiles. of c-MetFe (0.1 uM)

without and with SL132P (0.1 yM) in the presence and
PETESTeo TDRERI, SL1%P/c-Metfe 1oonce of BPGIue-Ns (2.5 uM), developed by (a) Ag
BERFICEB UTcBPClue-Ns® =~ L Y E gtaining and (b) autoradiography. The samples were
MEEICEET 29 VIV BE RIS L T electrophoresed before and after UV exposure (365 nm, 2

WBZEEREBLTWS, h).



Photoreactive
Molecular Glue

DNA Aptamer (S 1)/
Target Protein (c-Met)
Conjugate

Hepatocyte

@owth Factor {Tg@

BPGlue-N3 \
5 ? UV Light
& — —_—
Crosslinking

Temporary (Noncovalent)
Stabilization

Permanent (Covalent)
Stabilization

[ Inhibition of Cell Migration |

Figure 7. Schematic illustration of the temporary-to-permanent stabilization of DNA aptamer (SL1) onto
the target protein (c-Met) via photoreactive molecular glue BPGlue-Ns. The covalently stabilized BPGlue-
Na/SL1 conjugate successfully inhibited the interaction of hepatocyte growth factor (HGF) with c-Met,
resulting in the suppression of cell migration.
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Figure 8. (a) Average cell migration distances of DU145 cells (n = 40)
evaluated by CLSM. Cells were incubated in RPMI1640 (0.5% FBS) for
12 h at 37 °C without and with HGF (500 pM). (b) CLSM images (Aext =
552 nm, Aws = 560-620 nm) of CellBrite Orange labeled cells
subsequently supplied with SL1 (5 yM) and BPGlue-N3 (100 yM) and
exposed or not to UV light (365 nm, 4 min) prior to the incubation with
HGF (500 pM). Scale bars = 100 ym. Their migration distances were
evaluated by CLSM.
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