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Selective Targeting of the KRAS Codon 12 Mutation Sequence by
Pyrrole—-Imidazole Polyamide seco-CBIl Conjugates

Rhys D. Taylor®®, Anandhakumar Chandran®, Gengo Kashiwazaki®, Kaori Hashiyal

Bando*®, Hiroki Nagase®, Hiroshi Sugiyama*® ¢

Abstract: Mutation of KRAS is a key step in many cancers.
Mutations occur most frequently at codon 12, but targeting KRAS is
notoriously difficult. We recently demonstrated selective reduction in
tumors volume harboring the KRAS codon 12 mutation in a mouse
model using an alkylating hairpin N-methylpyrrole-N-methylimidazole
polyamide seco-CBI conjugate (conjugate 4) designed to target the
KRAS codon 12 mutation sequence. Here, we compared the
alkylating activity of 4 against three other conjugates also designed
to target the KRAS codon 12 mutation sequence. Conjugate 4
displayed greater affinity for the G12D mutation sequence than for
the G12V sequence. A computer-minimized model suggested that
conjugate 4 could bind more efficiently to the G12D match sequence
than to a one-base pair mismatch sequence. Conjugate 4 was
modified for next-generation sequencing. Bind-n-Seq analysis
supported the evidence showing that conjugate 4 could target the
G12D mutation sequence with exceptionally high affinity and the
G12V mutation sequence with much higher affinity than that for the
wild-type sequence.

Introduction

The RAS family is a known family of oncoge
HRAS, NRAS, and KRAS. This family is associ
prognosis!™? and is the most common oncogene
3 cancers bearing an RAS mutation.®*
pancreatic cancers and 50% of colorectal cancers
KRAS mutation.®® Conventional chemotherapeutic drugs
as DNA-alkylating agents, cisplatin, the anthracyclin
doxorubicin, and other antitumor antibiotics such as bleo i
and mitomycin-C are used routinely to great cancer.”” How
these drugs lack selectivity and can
notably labile cells such as bone m
and cancerous cells.
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NA minor groove.'"®2% Antiparallel
pairing of imi osite pyrrole (Py) recognizes G-C
base pairs (bps), and a Py=Py pair recognizes A-T or T—A bps.
y—Aminobut;}acid (y) is used as the turn moiety to form a

irpin motif jt recognizes A-T or T—A bps. For hairpin Py—Im
amides{@ith a chain of five or more continuous Py—Im
ties, S-alanine (B) is required to ease the steric hindrance
allow efficient binding to the minor groove, because Py—
amides are overcurved compared with the DNA minor
224l The inclusion of B can replace Py, so that g-8, B~Py,
W gs recognize A—T or T—A bps in alkylating Py—Im
It is important to consider the positioning of
because it ®an influence both the binding orientation®® and the
binding affinity?”*® of the Py—Im polyamide in the minor groove.

The binding of transcription factors can be inhibited to

genes share the same transcription factors, and targeting
e sequences in the coding region is preferable. RNA
merase removes Py-Im polyamides during transcription.
onjugating an alkylating moiety to a Py—Im polyamide can form
a covalent adduct with N3 of adenine at a predetermined
sequence. Alkylating Py—Im polyamides can selectively target
the coding region that inhibits transcription®®*" and can
selectively silence genes.®? For efficient alkylation, we
conjugate Py—Im polyamides with the alkylating moiety,
1,2,9,9a-tetrahydrocyclopropa[1,2-c]benz[1,2-e]indol-4-one
(CBI®*3 via an indole linker.*® Recently, we demonstrated
selective targeting of the KRAS codon 13 mutation sequence
using seco-CBI-Py—Im polyamides.®”! Conjugate 4 has also
recently been shown to selectively target tumors harboring the
KRAS codon 12 mutation in a mouse model.®® Here, we report
on the selective targeting of the KRAS codon 12 mutation
sequence using seco-CBI-Py—Im polyamides. Conjugate 4 and
three other conjugates were designed with the same core
recognition motif to target the KRAS codon 12 mutation
sequence, but with the g pairing at various positions (Figure 1).
The alkylating activity of these compounds was evaluated using
high-resolution denaturing gel electrophoresis. Based on these
results, conjugate 4 was selected for further evaluation. Using
Bind-n-Seq with 10 bp randomized oligonucleotide sequences
and computer-minimized structures, we confirmed its high
affinity for the codon 12 mutation sequence over other
sequences, demonstrating a potential route for gene sequence-
based cancer therapy.
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Results and Discussion

Molecular Design and Synthesis of Alkylating Py-Im
Polyamide Conjugates Targeting the KRAS Codon 12
Mutation.

In human and rodent tumors, the most frequent point
mutations in KRAS are at codon 12 and involve the changes
GGT—GAT (G12D) and GGT—GTT (G12V),” which change
the amino acid code from glycine to aspartic acid and to valine,
respectively. Four alkylating hairpin Py—Im polyamides were
designed with the same core moiety to recognize a 9 bp
sequence containing the KRAS codon 12 mutation site and to
alkylate A in the template strand (Figure 1). To strongly block
RNA polymerase, the DNA alkylation must target the template
strand.*®® Binding occurs in the N—C direction with regard to the
5-3' direction of the DNA duplex*” and recognizes the
sequences 5-TGWTGGCGT-3' of the coding strand and 5'-
ACGCCAWCA-3' for the template strand, with W denoting A/T of
the G12D and G12V sequence.

The chemical structures of conjugates 1—4 differ only in the
position of the B pair used in place of two Py moieties, which
results in different combinations of Py—Py, g~Im, p—Py, and .
This difference causes minor conformational changes in the
structures of 1-4, which affect their binding affinity for the DNA
minor groove.*"*? The Py—Im polyamide carboxylic acids were
synthesized by Fmoc solid-phase synthesis on an oxime resin
for 1, 2, and 4, or on g-Wang resin for 3, followed by cleavage
using NaOH or TFA, respectively. The Py-Im polyamide
carboxylic acids were converted into 1-4 by coupling with
indole-seco-CBl via an activated ester using PyBOP.**=!

Following HPLC purification, conjugates 1—4 were verified by
reversed-phase HPLC and ESI-TOF mass spectrom
sequence-specific DNA-alkylating activity of conju
against the KRAS codon 12 mutation sequence wa
using high-resolution denaturing gel electrophoresis

Evaluation of Specific DNA-Alkylating A
KRAS Codon 12 Sequences.

The alkylating activity against the KRAS codon 12 mu
was evaluated using 5'-Texas Red-labeled 208 bp DN
fragments and an automated DNA sequencer. A 1

ACGCCATCA-3', and the bottom 'S i b) A

Template strand

5-TGCCTACGCCAWCAGCTCC-3' =

_ XYZ f\_)%@ N
then quenched with calf th v@ONO® LAY
visualized by thermal clgavage o 3'-ACGGATGCGGTWGTCGAGG-Q()%: Indole
strands at the alkylatgfiiites, i Coding strand seco CBI
quantitatively on the p : er sequencing 1:M=p, N=Py, X=B, Y=Py, Z=Py
was used to identify the alk¥@tion sites.”*”~*! Figure 2 shows the 2:M=Py, N=B, X=Py, Y=B, Z=Py
alkylation by conjugates 1-4 the T7 DNA strand containing v . . . _
the KRAS G12 re 3 shows the alkylation by 3:M=Py, N=B, X=Py, Y=Py, Z=P
conjugates 1-4 and containing the KRAS 4:M=Py, N=B, X=B, Y=Py, Z=Py

G12V mutation.

Conjugate 1 dispNgked very weak alkylation of the G12D Figure 1. a) Chemical structures of Py—Im polyamide seco-CBI conjugates 1—

mutatio nM and 1 uM but failed to show any 4. b) Schematic representation of DNA alkylation gf the KRAS .G12D mutation
i k . f sequence. X, Y, Z, M, and N represent the possible substitution of Py for g,
alkyla ntire concentration range for the indicated to the right. W represents A/T. 5-GAT-3' on the coding strand

G12Vmu can probably be attributed to the represents the G12D mutation, and 5'-GTT-3' on the coding strand represents
the G12V mutation.
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e 3. Thermally induced strand cleavage of 208 bp DNA fragments
ing the G12V mutation sequence were labeled with 5'-Texas Red (10
lyamides 1-4 were incubated for 18 h at 25°C at the following Py—Im
concentrations: lane 1=DNA control; lanes 2-6=10, 50, 100, 500,
of polyamide 1; lanes 7-11=10, 50, 100, 500, and 1000 nM of
12-16=10, 50, 100, 500, and 1000 nM of polyamide 3; and
. 50, 100, 500, and 1000 nM of polyamide 4.

Conjugdte 4 targeted the G12D with high reactivity, and
alkylation was observed from 50 nM and potent alkylation at 500
nM and 1 uM. Lower reactivity was again observed for the G12V

w0 ™M

Figure 2. Thermally induced strand cleavage of the 208 bp DNA fragments
containing the G12D mutation sequence were labeled with 5'-Texas Red (10 nM).
nM). Polyamides 1-4 were incubated for 18 h at 25°C at the following Py4m
polyamide concentrations: lane 1=DNA control; lanes 2-6=10, 50, 100,
and 1000 nM of polyamide 1; lanes 7-11=10, 50, 100, 500, and 1000
polyamide 2; lanes 12—-16=10, 50, 100, 500, and 1000 nM of polyamid
lanes 17-21= 10, 50, 100, 500, and 1000 nM of polyamide 4.

placement of S at position M (Figure 1). The amino
contains five continuous heterocyclic Py—Im; this ¢
would be over curved compared with the minor
would therefore inhibit the Py—Im polyamide
effectively and thus inhibit alkylation. This ¢
reports suggesting that g should be included after
four consecutive Py—Im moieties.?' 24

er the same concentration range. Mismatch alkylation was
observed at two separate sites. At mismatch site 1, minor
ylation was seen at 50 nM and 100 nM, and higher reactivity
as seen at 500 nM and 1 uM. Mismatch alkylation at mismatch
site 3 was also observed at 500 nM and 1 uM but, importantly,
Conjugate 2 alkylated the G12D mutation site with high¥ o mismatch alkylation was observed at mismatch site 2.
reactivity (Figure 2). Alkylation was Interestingly, conjugates 2 and 4 had much higher reactivity
potent alkylation at 500 nM and 1 u for the G12D mutation sequence, which is the most frequently
was observed at the G12V site (Fi occurring KRAS mutation.®" Conversely, the reactivity was

was also ob;erved at Fhree sepa.rate siteg. : i lower for the G12V mutation sequence. The reason for this is not
and 3. Conjugate 2 displayed high reactivity clear from the Py—Im polyamide binding rules,!"®®® and further
site 1 located on the T7 strand 4\ i investigation is warranted.

G12D match site. Alkylation Based on the results of PAGE, substitution of Py with 8 at

uM at mismatch site
(Figure 2). Visible alk:
on the SP6 strand at 500

Conjugate 3 displayed lo
and G12V target sites and onl
uM. The low ity of
attributed to g at

position M was unsuccessful because the aromatic chain was
too long; therefore, substitution at position N is preferred.
Additionally, substitution at position X gives higher reactivity and
selectivity compared with positions Y and Z. The two
consecutive Py moieties probably stabilize the indole-seco-CBI
which is next to the indole in the minor groove to allow for efficient alkylation. Therefore,
ing of 8 and the indole the binding specificity of conjugate 4 was investigated further.
linker probably inhibW the efficient binding of the alkylating ~ These data support our recently published data demonstrating
moiety tathe minor groSge. the ability of conjugate 4 to suppress tumor growth selectively in
mice with tumors harboring the KRAS codon 12 mutation.?®!

reactivity toward both the G12D
inor alkylation at 500 nM and 1
jugate 3 can probably be



Molecular Modeling Studies of Conjugate 4.

To gain further insight into the alkylating reactivity of
conjugate 4, we performed molecular modeling studies of
polyamide 4 [5'-dGCCTACGCCAACAGCTC-3'/5'-
dGAGCTGTTGGCGTAGGC-3' (G12D match sequence)] and 4
[5'-dGCCTACGCCACCAGCTC-3'/5'-
dGAGCTGGTGGCGTAGGC-3'" (1 bp mismatch sequence)]
(Figure 4). The energy-minimized structure for the G12D
sequence indicated that conjugate 4 could bind tightly to the
minor groove of the DNA helix. The model displayed a distance
of 3.03 A between the C9 of the cyclopropane subunit of CBI
and the nucleophilic N3 of adenine. This is within an appropriate
distance to allow efficient alkylation to occur. The distance
between the same units for the 1 bp mismatch sequence was
3.12A, which is consistent with the evidence of efficient
sequence-specific alkylation of the G12D sequence.

b)

a)

o=

d)

Conjugate 4

Match site

1 bp mismatch

Figure 4. a) Energy-minimized stri

KRAS G12D sequence. The
layer, H atoms, and Na“ ca
alkylation site. The indol
distance between C9 of the c
and the angle between the C8b
adenine. d) Table comparing dista

C9 of the cyclopr®pane and the N3 of
nd angle of the cyclopropane unit and
d the 1 bp mismatch sequence.

the G12D sequence was
ositioned in an efficient
to occur.?® The G12D-minimized
f pairing at positions X and N of 4
Im polyamide to curve efficiently
around the maining tight inside the minor
groove. The flexibility of 8 at position N allows the terminal Py—
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Im to hold the indole-seco-CBI close to the nucleophilic N3 of
the adenine. The distance and an of the alkylating moiety of
conjugate 4 are consistent with idence showing good
sequence-specific DNA alkylating reac ese results also
show that careful placement of th should be
considered when designin, Py—Im p8lyamides to
recognize longer DNA sequ w for efficient binding to
the DNA helix.

High-Throughp
Bind-n-Seq en
polyamide binding
binding sequence
with PAGE. i

t sequencing of Py—Im
d us to investigate the
uch greater detail than

—Im polyamide core as conjugate 4 with
jotin on the y turn to facilitate the affinity

p) to ensure that alkylation did not
This reduced the recognition
sequence by 1 to 8 bp (Figure 5b). An 8 bp DNA sequence
3r2t combinations of possible bp sequences.”
ation of conjugate 5 with 10 bp randomized DNA
ences with lon PGM-compatible adapter sequences, pull
with streptavidin beads and affinity purification retained the
polyamide-bound DNA  sequences.®™™  Following
by PCR of the retained DNA sequences, high-
quencing was performed using the lon PGM
sequencer ¥nd was confirmed using the DREME primary motif
analysis algorithm."®”!
According to the bind-n-seq analysis parameter used in
ous reports, °2%* 5% the highest enriched sequence is used
binding site motif construction (Figure 5c). Since our top
sequences share very close sequence similarity by default
Bind-n-seq motif construction program constructed the
reliminary motif (Figure 5c) from the top three sequences.

In the Bind-n-Seq analysis shown in Figure 5d, the top-three
binding sequences represent match sequences for conjugate 5
with a high fold enrichment. Figure 5b shows the hit-binding
sequence of conjugate 5, 5'-~ACGCCATC-3', which corresponds
to the G12D mutation sequence that bound with very high
specificity, with a significant 89-fold enrichment. Third was the
G12V sequence, which had a considerable 69-fold enrichment.
Importantly, the second sequence from the Bind-n-Seq analysis
5'ACGCCTTC-3', with 76-fold enrichment, is also a match
sequence for conjugate 5 according to the established binding
rules."®2% The fold enrichment declined drastically for the
mismatch binding sites, suggesting unfavorable binding; for
example, by the ninth place, the fold enrichment was less than
half that of the G12D sequence. Importantly, the corresponding
WT KRAS sequence 5'-ACGCCACC-3’ was located at position
354, with a nonsignificant fourfold enrichment. These results
clearly show that the Py—Im polyamide motifs of 4 and 5
targeted the KRAS codon 12 mutation sequences, especially the
G12D mutation sequence, with high affinity.




S g ‘)\(\H\/H i

\LZ LN Z;\\ N N N
N kNJ\‘N‘fK‘/\“/\ o\ o 1/ {
5 N \NJ\LNJ)\/A‘\ [o]
LTS S
b) T
5'-TGCCTACGCCAWCAGCTCC-3"
BOOD<

o di®,
3'-ACGGATGCGGTWGTCGAGG-5"

)z.o
ooiIAQ - QC@1A3

bits

Fold-
d) Rank | Sequence | enrichment
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2 | ACGCCTTC| 76.887
3 |ACGCCAAC| 69.049
4 |ATGAAGGC| 64.357
5 |ATGATGGC 59.01
6 | AACGCCAT| 53.967
7 |CGCCATCA| 53.508
8 | GCCTTCAA| 44.989
9 |CGCCAACA| 44346
__10__|AACGCCAA

es for 5 identified
and the KRAS WT

mutation sequence. d) Table
by Bind-n-Seq. Note the G12
sequence ranked at 354.

e top 10 bindin:
uence ranked thir

on the gel (Figure 2),
rved in the Bind-n-Seq
CAAT with 4.2 fold
h site 3, ATGCATCCA was partially
7 base sites, TACGAAG and
d enrichment respectively. These

low enrichments of the sites could be attributed to a
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broad context of sequences used in Bind-n-Seq. In other words,
alkylation of the mismatch sitegmobserved in PAGE was
overestimated due to a restricted ility of sequences, and
the results from Bind-n-Seq reflecte actual binding
characteristics of Py-Im polyamide.

G12D s®quence was
yamide followed by the
eement with the PAGE
GCAATC-3') or 2
in the Bind-n-Seq
might play a role in the

results. Intriguingly,
(5'-TATTCTAT-3')
analysis, suggestin
mismatch alkylatio

Conclusio

Mutant KRAS is
at present no dru
Convengi drugs

rapeutically important target, and there are
hat successfully target mutant KRAS.
at inhibiting the KRAS protein or
jded to take a different approach by
targeting the KRAS co 12 mutation directly. We evaluated
the sequence-specific alkylating activity of four Py—Im polyamide

njugates i rgeting the KRAS codon 12 G12D and G12V

tation seffiences. Two of the alkylating Py—Im polyamides
ayed high reactivity for the target site; conjugate 4 displayed
ighest selectivity and was selected for further evaluation.
mputer-minimized structure of the G12D mutation
uggested that the structural motif of 4 was
approp efficient sequence-specific alkylation of the target
sequence. Wigh-throughput sequencing (Bind-n-Seq) revealed
the binding specificity of conjugate 5 against 10 bp randomized
sequences. Conjugate 5 displayed significant affinity for the
codon 12 mutation sequences with 89- and 69-fold
ment for the G12D and G12V sequences, respectively, but
fourfold enrichment for the WT sequence. The 9 base pair
ognition of Py-Im polyamide 4 allows the recognition of
pproximately 9,121 sites in the human genome (GRCh38/hg38)
containing the KRAS match sequence for preferential
alkylation.®® Our results strongly suggest that seco-CBI Py—Im
polyamides are potential agents for the treatment of cancer
based on individual genetic mutations. This approach may help
minimize side effects and overcome the problem of drug
resistance. Specifically targeting the KRAS codon 12 mutation
sequence may be a viable therapeutic route for targeting tumors
harboring mutant KRAS.

Experimental Section

General Methods. Reagents and solvents were purchased from
standard suppliers and used without further purification. High-
performance liquid chromatography (HPLC) analysis was performed with
a JASCO PU-2080 Plus HPLC pump and using a JASCO 807-IT HPLC
UV/Vis detector and a Chemcobond 5-ODS-H reversed-phase column
(4.6 x150 mm) in 0.1% TFA in water with acetonitrile as eluent at a flow
rate of 1.0 mL min™” with detection at 254 nm. Electrospray ionization
time-of-flight mass spectrometry (ESI-TOF- MS) was produced on a Bio-
TOF Il (Bruker Daltonics) mass spectrometer using a positive ionization
mode. Machine-assisted polyamide syntheses were performed on a



PSSM-8 (Shimadzu) with computer-assisted operation system at a 20
umol scale by using Fmoc chemistry. The oligonucleotides, 5’-Texas Red
labelled primers, and cold primers were purchased from Sigma—Aldrich.
Ex Taq DNA polymerase was purchased from Takara. Thermo Sequence
core sequencing kit and loading dye (formamide with fuchsin red) were
purchased from GE Healthcare. Polymerase Chain Reaction (PCR) was
performed on an iCycler (BIO-RAD). Long Ranger gel solution (50%) was
purchased from FMC bioproducts. Polyacrylamide gel electrophoresis
was performed on a HITACHI 5500-S DNA sequencer, and data were
analysed by FLAGLYS version 2 software (HITACHI). NH, —indole-seco-
CBI was prepared by previous methods.**=®! Oxime resin (200— 400
mesh) was purchased from Peptides International and Novabiochem.
Randomized oligonucleotides were modified using the lon torrent PGM
sequencer (Life Technologies).

Solid-Phase Synthesis of Py-Im Polyamides. Py-Im polyamides
supported by oxime resin (for the synthesis of the conjugates 1, 2, 4 and
5) or f-Wang resin (for conjugate 3) were prepared in a stepwise reaction
by reported fluorenylmethyloxycarbonyl (Fmoc) solid-phase synthesis
using Fmoc-Py-CO;H, Fmoc-Im-CO,H, Fmoc-Pylm-CO,H, Fmoc-3-CO2H,
Fmoc-GABA-OH (for conjugates 1-4), Boc-Dab (Fmoc) —-OH (for
conjugate 5), O- (1H-6-chlorobenzotriazole-1-yl)-1,1,3,3-
tetramethyluronium hexafluorophosphate (HCTU), N, N-
diisopropylethylamine  (DIEA),  1-methyl-2-pyrrolidone  (NMP).['®
Cleavage from the oxime resin was carried out in basic conditions using
2M NaOH and 1, 4-dioxane (1:1) at 55°C for 3 h, and -Wang resin using
TFA, water and triisopropylsilane (95:2.5:2.5) at room temperature for 30
min. For 1, 2, 4 and 5, the resulting carboxylic acids were acidified with
CH3;COOH to pH 6, precipitated with Et,O, washed with milliQ water ggpd
lyophilized. The target carboxylic acid 3 was collected after precipit
with Et,O. The corresponding crudes were used without
purification in the coupling reaction with NH-indole-seco-CBI.

A solution of Py-Im polyamide carboxylic acid 1 (1.
DMF (100 ulL), DIEA (0.5 ulL, 2.86 umol), and b
oxytripyrrolidinophosphonium hexafluorophosphate (P,
1.95 umol) were stirred for 30 min at RT. The formati

fraction and lyophilization, conjugate 1
(1.0 mg, 0.54 umol, 80% yield). MS
CaoHaaCINg1O162" [M+2H]?** 943.8586: found 943.8555.

Following the same syntheti
synthesized:

e conjugates 2-4 were

Conjugate 2 was obtained as
for CggHoesCIN31O462* [M+2H]?*
13.8 min (0.1% TFA/MeCN, linear

I-TOF): m/z calcd
.8586; found 943.8482; HPLC: tR =
ient 0-100%, 0-20 min).

Conjugate 3 was o
for CagHg4C|N31O162+
13.7 min (0.1% TFA/Me

der. MS (ESI-TOF): m/z calcd
: nd 943.8552; HPLC: tR =
linear gradient 0—100%, 0—20 min).

ellow powder. MS (ESI-TOF): m/z calcd
.8586; found 943.8572; HPLC: tR =

13.9 min (0.1% TFA/Me dient 0—-100%, 0—20 min)
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Synthesis of Conjugate 5

NOz-indole-3-dimethylaminopropylamin
reduced under a H, atmosphere with Pd/C
uL) for 2 h. The Pd/C was removed by fj

A) (6 mg, 20 umol) was
umol) in DMF (400
the remaining
ously, DIEA
5 umol) were added to a
(1.0 mg, 0.38 umol) in DMF
min at room temperature.
wto the activated 1-
solution was added
nder N, atmosphere. Et,O
d. The crude was washed
tion was carried out in TFA
temperature. The solvent

hydroxybenzotriazole
and stirred overnight
was added and the
with Et,0 and CH,CI
(300 ulL) and DGM (

and stirr mperature. Et,O was added and the

supernatant was removees jugate 5 was washed with CH,Cl, and

ET,O to give a light brown powder (0.5 mg, 0.19 umol, 50%). MS (ESI-

TOF): m/z ?for C118H16sN36030S%" [M+2H]** 1298.6062; found:
)

8.5363; H :tR = 10.9 min (0.1% TFA/ MeCN, linear gradient 0—
%, 0-20

of Plasmid DNA

ere purchased from Sigma-Aldrich and annealed at a
concentr: 10 uM, followed by ligation into the pGEM-T Easy vector
(Promega). W¥scherichia coli DH50. competent cells (TOYOBO) were
transformed and cultured overnight at 37 °C on an LB plate with 32 ug of
X-gal (20 mg mL™"), 25 ul/IPTG 100 mM, and 100 ug mL™" ampicillin.
White colonies were identified by colony PCR in 20 L of the reaction
s containing 250 nM of each primer (SP6 primer, 5-
AGGTGACACTATAG-3’; T7 primer, 5'-
TARTACGACTCACTATAGGG-3’), 200 uM dNTPs (Sigma Aldrich), two
its of Taq polymerase, and 1xThermoPol reaction buffer (New England
io Labs). Amplification of the DNA fragments was carried out incubating
at 95 °C for 5 min, followed by 35 cycles of 95 °C for 35 s, 50 °C for 35 s,
72 °C for 30 s, with a final extension step of 72 °C for 7 min. The
appropriate colony was selected and transferred to 5 mL of LB medium
with 100 mg mL™" ampicillin and cultured overnight at 37 °C. The
plasmids were extracted using a GenElute Plasmid Miniprep Kit (Sigma
Aldrich) and identified by PCR (program and reaction mixtures were the
same as above). The 5-Texas Red-modified 208 bp DNA fragment was
prepared by PCR with 5’-Texas Red-modified SP6 and T7 primers from 1
ng L' of the 31 bp fragments 5'-
GCCTACGCCAACAGCGCTGATGGCGTAGGCA-3'/5'-
GCCTACGCCATCAGCGCTGTTGGCGTAGGCA-3' inserted into the
pGEM-T Easy vector (program and reaction mixtures were the same as
above). Fragments were purified by GenElute PCR Clean-up Kit (Sigma
Aldrich), and their concentrations were determined by UV absorption.

High-Resolution Gel Electrophoresis

The 5-Texas Red labelled 208 bp DNA fragment was prepared by PCR
using the plasmid with inserts described above and the 5'-Texas Red
labelled SP6 and T7 primers. The sequences on SP6 side was 5'-
TATTTAGGTGACACTATAGAATACTCAAGCTATGCATCCAACGCGTT
GGGAGCTCTCCCATATGGTCGACCTGCAGGCGGCCGCGAATTCAC
TAGTGATTGCCTACGCCAACAGCGCTGATGGCGTAGGCAATCGAAT
TCCCGCGGCCGCCATGGCGGCCGGGAGCATGCGACGTCGGGCCCC



AATTCGCCCTATAGTGAGTCGTATTA-3’. Obtained 5-Texas Red
labelled DNA fragments were purified using PCR-Clean Up Kit (Sigma)
and their concentrations were determined by UV absorption. A reaction
mixture (10 uL) containing each of alkylating conjugates, a 5’-Texas Red
labelled DNA fragment (10 nM, duplex concentration), and 50 mM
sodium phosphate buffer (pH 7.0) was incubated for 18 h at 25 °C. The
samples were quenched by the addition of 1 mM calf thymus DNA (1 uL)
and then heated at 95°C for 5 min to cleave the DNA strands at the
specific alkylation sites. After the removal of solvents under reduced
pressure, loading dye (7 uL) was added. The samples were heated at
95 °C for 25 min and immediately cooled on ice. Samples (1.2 ulL) were
subjected to electrophoresis on 6% denaturing polyacrylamide gel using
Hitachi 5500-S DNA Sequencer.

(1

Molecular Modelling Studies on the DNA Complex of Conjugate 4 [2]
Minimizations were performed with the Discover (MSI, San Diego, CA)
program using CVFF force-field parameters. The starting structure was
constructed using Insight I program and the builder module of the
program using standard bond lengths and angles. Where the three upper
and lower sides of Watson—Crick base pairs were fixed, conjugate 4 was
inserted into the 5'- dGCCTACGCCAACAGCTC-3'/5-
dGAGCTGTTGGCGTAGGC-3' duplex (match sequence) and 5'-
dGCCTACGCCACCAGCTC-3/5-dGAGCTGGTGGCGTAGGC-3’ duplex
(1 bp mismatch sequence). Thirty-four Na* cations were placed at the
bifurcating position of the O-P-O angle at a distance of 2.21 A from the
phosphorus atom. The resulting complex was soaked in a 15 A layer of
water. The layer of water was minimized without constraints to the stage
where the rms was less than 0.001 kcal mol'A using the steepest
then the conjugate algorithm; successively the whole complex was,
minimized in the same way.

[3]
[4]
[5]

[9]

Bind-n-Seq:

Bind-n-Seq®®®* and subsequent analysis to evaluate the
of conjugate 5 towards 10 bp randomized sequences w
lon torrent PGM sequencer (Life Technologie
oligonucleotides with high-throughput sequencin

adapters were synthesized according to the literature procel
barcoded Bind-n-Seq 92 mers were synthesized by Sigma

machine mixing, standard desalting purification,
CCATCTCATCCCTGCGTGTCTCCGACTCAGXXXXXXXXXXNNNNNN 120
G-3'. The barcode represented by XXXXX 121]
used as per lon torrent sequencing tech

[22]

[23]
containing GoTaq Green (Prome
mM). The primer extensiol 124]
60 °C (2 min), 70 °C (5 mj rmocycler (Bio- Rad).
The binding reaction wa: nd conjugate 5- 125]
bound DNA that was enriche ation Sequencing.
To count the number of conju 5 enriched unigde DNA sequences,
MERMADE with the k-mer sliding dow (k = 8 bp) and a new pipeline 126]
for Bind- n-Seq is_(http://ko ucdavis.edu/Datasets/BindNSeq)
were used. Highly nfirmed with DREME primary 127]
motif analysis.’®”]

[28]
Ack (29]
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List of top 50 Bind-n-Seq sequences for Py-Im polyamide 5 with their fold

enrichment

Rank

10

11

12

13

14

15

16

17

18

19

Sequence

ACGCCATC
ACGCCTTC

ACGCCAAC
ATGAAGGC
ATGATGGC
AACGCCAT
CGCCATCA
GCCTTCAA
CGCCAACA
AACGCCAA
ATGGCGTG
CGCCTTCA

AACGCCTT
GCCATCAA
GATGGCGA
AGATGGCG
GCCTTCAC

ACGATGGC

GCCATCAC

Fold-
enrichment

89.097

76.887

69.049

64.357

59.01

53.967

53.508

44,989

44.346

43.933

43.67

43.474

42.673

41.35

37.998

36.909

36.587

36.426

34.206



20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

ACGAAGGC

ATGGCGTA

ATGGCGTC

AAGATGGC

CTGAAGGC

ATGTTGGC

CAGATGGC

GCCATCTA

CTGATGGC

CACGCCAA

GCCAACAA

GCCAACAC

AAGGCGTA

TACGCCAA

CGATGGCG

AATGGCGT

AAGGCGTG

GCCATCGA

GACGCCAA

ACGCCATA

GAAGGCGA

GAACGCCA

GCCTTCGA

34.005

33.954

33.872

33.394

31.669

31.45

31.216

31.148

30.388

28.893

28.527

28.487

28.268

28.267

27.318

27.023

26.651

25.266

24.57

23.506

23.445

22.484

21.442



43

44

45

46

47

48

49

50

AGTTGGCG

GAGATGGC

ATCGCCAT

CTGTTGGC

CCGATGGC

CAGAAGGC

TAACGCCA

GCCTTCTA

21.399

21.194

20.564

20.173

19.686

19.578

18.75

18.617



