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For several years DNA minor groove recognition is of great interest for developing new drugs
since it is a site of non-covalent high sequence specific interactions for a large variety of organic
small molecules including natural products. DNA also provides a platform for developing
detection technique of biologically significant processes by suitable changes in it. Here in this
thesis the molecular recognition of DNA double helix was performed by various chemical
biology approaches using small molecules and proteins.

1. A dual functioning synthetic transcriptional activator encompassing DNA minor groove
binding sequence specific pyrrole imidazole polyamide (PIP) and a chromatin modifying histone
deacetylase inhibitor SAHA (suberoyl anilide hydroxamic acid), known as SAHA-PIP was
designed. This small molecule, called as SAHA-PIP & can target predetermined DNA
sequence, 5’-WGWWC-3’ (W = A/T), in the minor groove along with HDAC inhibition which
releases the tight chromatin structure to aid easy access of transcription factor. It has been found
that this small molecule could activate some of the core induced pluripotent stem cell regulated
genes (Oct3/4, Nanog, Rexl, Cdhl, Sox2, and Dppa4) in mouse embryonic fibroblast.
Interestingly, a modification in the SAHA unit of SAHA-PIP & changes its HDAC activity
towards HDACS and activated HDACS8 controlled Otx2 and Lhx1.

2. Effort has been given in the present study to enhance the efficacy of SAHA-PIP 6 and focused
on improving the cellular uptake in cell culture medium. It was found that the biological activity
of SAHA-PIP & got significantly (P= <0.05) improved against the core pluripotency genes after
the incorporation of an isophthalic acid (IPA) on its C-terminus.

3. Thymine residues can be easily replaced with its isosteric analogue 5-bromouracil (®'U) and
resulting DNA remain functional in vivo. This replacement greatly sensitizes DNA to damage
induced by the action of UV source. In this study, pyrene conjugated pyrrole imidazole
polyamide (pyrene-PIP) was designed to inject electron in a sequence specific manner using ®'U
substituted DNA under photo irradiation condition. The electron injection at the predetermined
sites in the long DNA fragment proved that ®'U substituted DNA are useful as an assay for
detecting binding sites of DNA binding small molecule.

4. Recently, micro irradiation technology has been used to detect the recruitment of double break
checkpoint factors such as H2AX-P and repair proteins such as 53BP1 on the damage sites. In
micro irradiation before passing the laser beam (364 nm) on the cells there is a need of labelling




the cells with 5-bromouracil followed by staining with Hoechst 33258 to cause double strand
break. However, no such studies available which could explain the mechanistic role of Hoechst
33258 in DNA damage. The present study confirms the mechanistic pathway of DNA damage by
Hoechst 33258 in UVA micro irradiation technology.

5. Transcription factors generally bind to the predetermined DNA sequences and form multi-
protein complexes during transcription. One such example is the cooperative binding partnership
between Sox2 and Pax6 at the DC5 enhancer region by which they regulate the expression of the
o-crystallin gene, which plays a pivotal role in eye development during late embryogenesis. It
was known proteins which contain tryptophan can donate electron under photo irradiation
condition and interestingly these two proteins (Sox2 & Pax6) contain tryptophans. Thus, it was
proposed to see electron transfer from both the protein and their cooperative binding affinity on
DC5. The results suggest that both of them can transfer electron at their binding sites however
for electron transfer from Pax6 there is a need of Sox2 which clearly indicate cooperative
binding affinity. This is the first time showing a biologically significant process of accumulation
of multi protein complex/cooperative binding by electron transfer.

Combing all, these studies are done very carefully using small molecules and proteins to
understand their binding affinity on double stranded DNA. All these studied are important and
have future application in the development of regenerative medicine, and also as a detection
technique to identify various mechanistic details using the photochemistry of ®'U labelled DNA.
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DNA DEN#EIL. RRW % & O 2 2B/ 75 DNA & IEILH G B9ICH AR
HAaTAEHMTHD, D=, DNA OFNEORITEHKOBERKICE WV TEVM.
FEHZHEDTE, DNAL, D LEMAEZMZ 5720 T, EMFRICEE R 2E A
ERHTAHEWNBERDOIZODT T v T —2 L7025, ZOMmLTIEL, a7k
TIANAAF =T T u—FEHNT, AN D 00X NI HEMR
I, DNA ZEH D4 1ROV THIE & 1T - 72,

1.  WEHEZEIFEENIC DNA ORREICHK ST 5417 Th 5 pyrrole-imidazole
polyamide (PIP)ICt & b Ui 7 & F (k2 (HDAC)FLERI T 5 suberoyl
anilide hydroxamic acid(SAHA) % A L T, BI& DG %2 1EMHL 3 5 SAHA-
PIP ZBA% L7z, #lz1E. SAHA-PIP § LIMEEN D5 71X 5-WGWWC-3° (W =
A/T) & vy H DNA OFHNCHEES L. HDAC O HET S Z & T, s
YT URE R EE T, BEEEELT AN TE S, FEE LY U AR
MM 2 = @ SAHA-PIP § THREE L 7= & X1, iPSC fkicB b % Bis+ i
(Oct3/4, Nanog, Rex1, Cdhl, Sox2, Dppad) D FRHLENEEIMNT 5 Z L 2R LTz, X,
SAHA O icEfixZ Mz % 2 & T, HDACS x93 5 [HEDOIEMHEIC L3 4
U. HDAC8 [Z Lo THIH SN TW DB T Th D Otx2 & Lhxl OFEEL &N H
M35z E&ERLEE,

2. fEW\WT, HELTCVWDHIE~D SAHA-PIP § OBV IAHLZHNES TS Z &
T, BEFREEOHEMNED X 65 m LA AT, PIP OMUEEIENEZ &
b 5 7= 812, isophthalic acid (IPA)% PIP @ C Kl A4 5 Z & T, iPSC {kiZ
BB FHORAENILICEATH 2R L,

3.  HEEEIX. £ 7To thymine % 5-bromouracil |2 & & #t 2 72 A8 DNA 3k« 72
HENZHWAL Z ENTEHZ L AR LT-, Z® 5-bromouracil &1 DNA %, @5
@ DNA X0 &, SEARBHIC L 2HBEEZ TV, 2O 5-bromouracil (& i
DNA & Bt 57+ THD pyrene 3 A L7- PIP(pyrene-PIP) % FH T,
pyrene-PIP 7238EAMERFRIFIC L 0 | BLIRF RAYIC DNA ICEFE2IEATHZ & &R
L7=, Z#Z XY, 5-bromouracil &2 DNA 23, DNA fEAMED T DOFE &AL 2
ETHOICEHATHLZ EEH LN LT,

4. HWT, ZOHEZHNT, DNAFEGMESF Tod S Hoechst 33258 2356554 5%
DNA FEHZE LT-, B TliE, H2AX-P LW omF = v 7 RA v FRTFR0.
53BP1 & \\\o o EMEEEFE )Y DNA “ARSEIWHREALISHEAE T D L) 2 &8,
BEPRGEIC Lo TR Eivle, BEMERETE TIE, MNIC 364 nm O L —H —%
FRST3 2RI, Ml %A Hoechst 33258 CALEE L T, DNA ZRGHEIK A Z » o7
THEICLTHBLIMERLD, LL, EO XD T2 X > T Hoechst




33258 7 DNA “REHUIWr 2 3584 5 DT> Teino Tz, HEEHEIT UVA
BEM IR ST % VT Hoechst 33258 (2 K % DNA EFE D X 1 = X 1% 5 )
2 L7,

5.  HEEEIX., Sox2 X Pax6 &\ o LG K72 AW T, ARS{ DNA O 77tk
DOEERZI G L LD EilAde, BERFIT—BAIZEED DNA BFNTHEE
L. BEORRIZIZY RV EEEREKT 5, Sox2 & Pax6 1%, WFRAEHKIIC
BWTHOEKRDO - DICEE R ZE ZH > TWDHEBIET-ThHD s-crystallin DF
HEZHEL TS, X, Sox2 & Pax6 | DC5 = 2 —EALICHEAT D,
I ZODERERF-H DNA A KA A T tryptophan 7REEZFF-> T4 7
W, EARBIHIZEZ Y, DNA ~OBEBFEADRIAZ ERTHEEIND, Z0OH
BEHWSHZ LT, “ODERERFMN DC5 =P —Epr ~HEHIC k&1
HEWVWH T LERTIENTE D, METORER Sox2 & Paxé ZILIcHWE & =
(2. DNA ~DEFEANBEZ DT L 2R TE 7, X, Sox2 7372 < TH, Paxb
7215 DNA ~DEFEBFFEANEIDZ LR, INHORER, XX/ EH8
AR OEE2EEEY, BETBHZHND LT, MO TOURTIENTE T,

AR TIIER N T EX NI EEHNT, ZAH DNA & OHAEHIZON
T I N A_"AFa =Lt ziTol, 22 TiTo iR R, EHELEA
FOTEHD R L b7 25, X, 5-bromouracil E#: DNA Z W5 Z & T,
k& 72551 D DNA ~DOFEEEZH LT HZ bR LT,

LB, KL T, BEFOBRT2EE{T 25 HDAC 1 b B ¥ —SAHA-v
H—)L e« A IXY—=VRITIRNPIP 25 L, ZO5HiZ1T>7c, S HIZ, PIP
DOHILELE BYEZ & 572912, isophtalic acid(IPA)Z PIP @ C KuilZEAT 5 Z &
T, iPSCH{LICEA D2 B THORAELZIHICEHFIELHZ LITHII LT,
thymine % 5-bromouracil |Z& &2 2 72 —AK8{ DNA Z T, FH LUV X
I DORERERETDHHIEEZHB L, 2N ORFEEOREIL. mWAEKARLT
Hflr & AL 72 T FIEEZ WD Z EClRLZET oD THY | EkD ik
TIRERICR LA R Teb D Th D, ZNDDOREIIERO 7 I I/ A 41
C—OWFRER CHEAR LD THY . KREARA %7 FEES, 2D ORI
B 72 B FRBIEITMRAED F 72 E L FH TIHEMATRETH D . FFROSHMED &SV
WETHD, LoT, KamxiIEt (H%) OoFfmxXe L TUIEH 2 b0 LD
Lo Flo, K2 7THETH LIS HIRIXIHNAE S ENICEE L ABRAMZITo 72, £
DFEREH RO,
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