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Abstract of Thesis
Abnormal expansion of GGGGCC (G4Cy) repeat in C90rf72 gene is the common

genetic cause of two devastating neurological diseases, amyotrophic lateral sclerosis
(ALS) and frontotemporal dementia (FTD). Development of effective small molecules
targeting G4C2 repeat may prove a promising strategy for diseases diagnosis,
regulation and/or treatment.

We first described the development and evaluation of ligands targeting DNA
(G4C2x. An array of G-G mismatches is present in hairpin d(G4Cs)a, which is the
target of our molecules. Using naphthyridine carbamate dimer (NCD) as an effective
G-G mismatch binder, we designed and synthesized novel naphthyridine carbamate
tetramers (NCTXs), prNCTB and NCTPU with extended linkers, targeting multiple
guanines in d(G4C2)n repeat. NCTPU both bound to single G-G mismatch and
d(G4Cg)n without big difference. pNCTB bound to DNA G4Cs repeat where two
5-CGGG-3/5-CGGG-3 sequences in hairpin duplex of GiCe2 repeat were
simultaneously recognized by pNCTB to provide an inter-strand binding complex
with short repeat sequence. Increasing repeat lengths of G4Csz repeat allowed
o NCTB to bind through an intra-strand binding mode with a higher binding affinity
than short G4Ce repeat. And the intra-strand binding complex showed higher
thermal stability than the inter-strand complex. Moreover, prNCTB showed binding
selectivity to long G4Cs repeat. These results suggested pNCTB would be a good
ligand targeting expanded G4Cs repeat that are causative of ALS/FTD.

Binding of ligands to RNA G4C: repeat was also examined. The ligands
showed favorable binding to RNA hairpin G4Cs repeat, which was similar with the
binding of ligands to DNA G4Cs repeat. 5-CGGG-3/5-CGGG-3’ in RNA hairpin G4C2
repeat is responsible for ligand binding.

After the binding evaluation of ligands to DNA and RNA G4C; repeats, we




explored the ligands’ effect on G4Cz repeat transcription in vitro. NCD, p-NCTB and
NCTPU showed inhibition effect on Gs4C: repeat transcription. NCTPU showed
inhibition even on short repeat sequence. p-NCTB showed inhibition selectivity to
long GGGGCC repeat transcription. The longer the repeat sequence, the stronger
effect of pNCTB. The toxicity assay revealed lower toxicity of pyNCTB and NCTPU
than NCD. These results suggested p-NCTB would be an effective ligand which could

selectively inhibit long G4Cs repeat transcription with low cellular toxicity.
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AL Lu Yihuan BiE, WEMOHEEMRFELE (ALS) /ST AE (FTD) OFE & 72 5 REME L
GGGGCCE A XEERS (64C2 V &'~ 1) 4R & T 2 HAN FORIBITBIT AHIRICIY A, UFORREE LT 5,

1) DNA @ GGGGCC U &'— MEIFIICHEA T BT 7 F 1 O v WMBRKDHIBLE U2 51

BT 7F ) Vo RREERE - AR L. FRTS 7 F Y DU MEE p-NCTB 25, DNA @ 64C2 U B'— MERSUCHEA TS
TEERM U, pNCTB i, 6402 U E'— FMEFIOHHT AT LR IKBED S H, 66 IR v FE2ED
5'-C66G-3'/5°CC6e-3 ZRBMT D L. 2200~TE YREERETHMEAEREMRT D2 L. RERORE N 6402 U &
— MOBRIREERMEEF T #HLMC L,
2) DNA @ GGGGCC U ¥'— REZF & F 7 F U U r Bk Dk S EE=ART

DNA @ 64C2 J &'— MEFNCHT 5 p-NCTB DA%, BRI, b Fadi AT y%:ﬁﬁb \HRET w— L S
(&Y IRIT 21T - Te, BREREMAL T D 5-C666-3/5C66-31c LT, 1:1 b2 |Eiga bbb, Y h ViR T Y v
TUPLEEAETHDHZ EEHLMILE,
3) DNA @ CGG ) E'— MEFIZHEATDHRT 7 F U O MREDRKSTHE

pNCTB 1, FAAZ L7z CGG BEFIITIEREA LRV & SHIEAMIARICL Y 066 ) v'— MEFIICRESTHZ L # R L
7.
4) RNA @ GGGGCC U &'— MECF & 77 F U ¥ v M BAR O & TRl

p~NCTB 23, RNA O G4C2 U v'— MEFNZAERTHZ L # RH L7z, RNA D 64C2 U ¥ — MEFIBERT B A~T U BRI 5K
MEZRML, HMEAGEERTAZ LALLM LE,
5) F77FY P EEEIC LB GEC6CC Y v — MEF DI EHE]

RNA 0D GAC2 ) ¥ — M, BEMERNA L LTl ALS/FID I/ EEIC BB T 5 L5 X b5, p-NCTB £ VT, in vitro
BHBRITHBIT S 6402 VU ¥'— b RNA EEAEITK T B IMBISIRE 2R3 L7, p-NCIB i, 64C2 Y ¥'— MEFUICIKTE L7 B 540
fZIRERL, BHY ©— MIERANTMEIT 52 2 2 BH L,

EFRDORRIL, 64C2 U &'— MEcFIZ H-ODNA B L U RNA 2B L T A0 FRIRAER L, X512, 8BS TFICE Y 64C2
VE—-rOEBEFREEFETESIFLZHALNILTEY ., B{HMETE 3, ko TARTIHEL (HEZ) o2 ce LT+

b
H
&
g
NN
oFf-
S
e
2
&
e




