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Trinucleotide repeat (TNR) is a repetition of triplet nucleotides such as (CA®)n, (CTG)n, (CGG)n,
and (GAA)n. The expansion of TNR exceeding a certain threshold causes several incurable
neuromuscular and neurcdegenerative diseases, including Huntington disease, myotonic dystrophy,
fragile X syndrome and many more. TNRs are transmittable to the offspring and tend to expand
dynamically through generations, increasing the severity and the age of onset of the diseases.
Contraction of the repeat length would alleviate the diseases progression.

We have sought small molecules targeting the TNR that can contract the repeat length, which
could provide a potential therapeutic approach to cure such diseases. Nakatani group has successfully
developed several small molecules that can selectively bind to the CXG repeats and induce the
formation of hairpin structure. One of those ligands which is known as naphthyridine-azaquinolone
(NA), could bind with high affinity to the CAG-CAG triad. This binding involves hydrogen bonding
recognition of guanines and adenines by 2-amino-1,8-naphthyridine and 8-azaquinolone, respectively.
We chose NA as a CAG repeat binding ligand and investigate how NA binding affects repeat
instability during replication process. In this study, the ability of NA to induce repeat instability was
evaluated.

A general introduction to the whole framework of this study is described in chapter 1. In chapter
2, the effect of NA on CAG2/CTGeo repeat in E. coli cells was investigated. Gel electrophoresis and
next generation sequencing (NGS) results showed that there are no significant changes in repeat
length by the presence of NA as compared to that in the absence of NA, where 20 repeats remain
unchanged. We hypothesized that this was due to the E. coli drug resistance against NA by the
expression of efflux pumps. In chapter 3, we further replicated CAG20/CTGao repeat in an efflux
pump-deficient (AacrBAtolC} E. coli, where NA cannot be expelled from the cells. However, no
significant change was observed in the repeat length even in the presence of NA. This might be due to
the stability of CAG20/CTGzo duplex in E. coli, as short repeats (30 repeats and below) were reported
to be stable in E. coli. Therefore, any changes occurred might be too small to be identified.

In chapter 4, we tested the effect of NA on CAGz20/CTGz0 repeat in an artificial replication process,
using polymerase chain reaction (PCR). CAG20/CTG20 was amplified by PCR in the presence of NA.
The PCR amplified products were analyzed by gel electrophoresis and NGS. In the absence of NA, no
significant repeat contraction can be observed. In contrast, repeat contraction occurred in a
NA-concentration dependent manner. Interestingly, no contraction was observed when using neither
negative control ligand that does not bind to the repeat nor changing the repeat sequence. In short,
we have successfully demonstrated that NA induces CAGso repeat contraction during PCR
amplification. Changing NA with other repeat binding ligands, resulted in different contraction
profiles. The contraction efficiencies and length distributions differ depending on the ligands. These
findings offer a ligand screening method where it possibly proves that the ligands are not only
binding to the repeat but also inducing repeat contraction.

In chapter 5, we examined how repeat length affects the contraction product profiles. In the
presence of NA, contracted products were observed for templates having 16 to 21 CAG/CTG repeats.
Besides, we have found that no contraction occurred when a template containing 10 repeats was used.




The contracted products differ in their distribution, depending on their respective templates repeat
length. Broader distributions were observed by increasing the repeat length. For all the templates,
the contracted products were observed to contain at least one repeat. Higher frequencies of contracted
products having one repeat were observed for odd repeat templates (CAGir, CAGus, CAGz1) as
compared to even repeat templates (CAGis, CAGis and CAGzo). These results explained the
underlying mechanism of repeat contraction in the presence of binding ligands.

In chapter 6, the efficiency of Ion PGM to sequence CAG/CTG repeat in different length (10, 20
and 30 repeats) was analyzed. The efficiency and fidelity decrease by increasing the repeat length and
by changing CAG to CTG repeat. Therefore, careful consideration should be given in using CG-rich
template for Ion Torrent PGM sequencing and thorough analysis is required during data handling

We have successfully demonstrated that CAG/CTG repeat-targeting-ligands could induce repeat
contraction during PCR amplification, where the contracted product distributions vary depending on
the ligands used. Any ligand that can affects the instability and induces a contraction of the repeat
length, has a therapeutic potential for the incurable repeat diseases. The PCR-based method
demonstrated here would be useful for screening potential compounds for the development of
functional ligands and drugs. This work provides an insight in understanding the mechanism of
repeat contraction in the presence of repeat-targeting binding ligands.
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MZ Ly MY —MEIE, N XZvAFIREES (TNR) DM BT E RSN~ EOBGERE THD, 2
. CAG U —MI, ZOHMEILLS>THAYF UM MEOMEEHEBREFER TS, MR, TNR CERBIZESTS
e DERUT AR, TNR O~FELEFRELTHIECEY, DNA OB PZ DNA SEAEH TR IS R
L. DNA #fllzB T UF RS IZED TNR OEE. bLI MR OB & VO E R ITAG M 5ATF 98 12 iR &, LA
TortE# EiFTna,

L) KBWEAIICBETS CAG IE—MES DT F 7 F U0 —T 4% Jm (NA) O FFAIR LIc# A &7 CAG20/CTG20 Y
B — bR, R IIE T RO E S

KNG DH-5aiZ, CAG20/CTG20 227 FAIFEH AL, —ERMOBRE OV - EL W2 A, NA OTELE
HALLFIL—rEOEALEBEN Lt oln, F NA OEANLOHEHICII B ENED LR LR B ST
TR T o AR — F—aceB, tolC DRIBRIGEHZ A VTIOEREBIELD, 20F NA DB EREDLNIAVI LS
TERB L7, $HAE, MR SR OIS 240D MR BE R 03, MREE LB L3 BAFRIZ LT,
2) PCR #9R% FI\ 2 TNR 251 00514 - 1 58 00 05 10 JE B 11 7 00 B 3

4 NA O TNR BLFIOEHE - BICBIETH R AW BE ICRIET R0, EhREH, MEFIELTRINTES
PCR IZEDRIRB B E LDV NI R I R LT, VE—MEA D F NA 372 T CAG20/CTG20 %5 tofiiik#
PCR 8iif§5&, 23V — 4B IZV " — MENEME SN PCR EESER TSI R L, PCR EH DAL ER
ORI BEFUAFAT . CAG U —ME &40 F NA O BE 2L B O BB L I3 i L7 PCR BE4 4 Al & o) 58 B 5 3
b, &S CAGIY —MIFE & TAINILVIE— O EM L DNADAERL, PCRIGE THIESA TV AT LEH s
Lz,
BINGS ZRWIE— &R FOEE, EREAP)—=07 B0 R

WRLBFRIZBITDSF NA OUE—MEMEH RV ERMICITHEMTB/20I2, PCR EH %) — MR BI04 64 2
RS — o (NGSY 2R WTERMIZMIT Ui, £, NA OF K, CTG Y — Mo S 3ER S TSIz
T, EDEREBRABFLIEDA, 477 NA LRIUL CAG Y — MM S T 50 FiT. Ve —FE IR ICEHas
&, CTG VE—MNEE S TFRVE—MEOEHBZBRASNALOD, IE—FREOSHBENIERY, U — RS ~DfE &
LD ETRR T 57T — 425, TRLOFRLL, V- MEFIBER TA~TEL T RSN B S FIoLY
ZELEN, Mo ELEREINBATELRTLAEB TS T IF X T AN ERTAEE ThAL G S,

LREORERE, TNR BE 5 F OV — b ~OFF &5 E , &4 RRIC oM Ic B T2 — b ZikilE%, PCR ICL
DIHEVE—b DNA OWBEEMEL THAMDIENHBEDRLE WL T HEELIC, R TNR 04231845 F
OHFEATRROTHEME T L TEY., BFME T2,
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