rare, close to 0%. From 200 blind samples, this

assay gives 100% sensitivity and >99.9%
specificity, as extremely rare alleles mentioned
above can still be amplified. According to our
samples, we didn’t found those extremely rare
alleles, positive predictive value and negative
predictive value are 100%. Therefore, this SSP

assay with one set of primer pairs can be used with

high specificity in our Thai population.

5. Conclusion

This PCR-SSP system can be used to
define HLA-B*5801. The benefit of these tests
would help patients to avoid any life-threatening
adverse consequences from allopurinol with less

cost.
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Capacitive DNA Sensor Using Immobilized PNA il
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Phayamai Road, Patumwan, Bangkok 10330, Thailand,

Depamnen.r of Physic, Faculty of Science, Prince of Songkla University, Hat Yaf, SongKhla 901 12, Thailand.

Iniroduction and Objective

Peptide nucleic acid (PNA) is a DNA mimic that has the ability to form extremely stab]l:
complexes with the complementary DNA oligomers. This work reports the development of a flow
injection capacitive DNA sensor with immobilized lipoic acid modified PNA (Lip-PNA) probe for th

direct detection of DNA using a capacitive system, $

Methods

Lip-PNA was directly immobilized on cleaned gold electrode by chemical adsorption. The
modification of the modified electrode was investigated by cyclic voltammetry. The modified
electrode was used as the working electrode (WE) in a flow injection system to detect ¢
hybridization between DNA target and Lip-PNA probe by measuring the change in capacitance.

Results

The electrochemical characterization of the electrode surface studied using cyclic voltammeny
confirmed that Lip-PNA probe was immobilized on the cleaned gold electrode. The affinfy
hybridization between DNA target and PNA probe causes the decrease of the measured capacitantt
Under the optimum conditions, the linear dynamic range was 1.0 x 10" to 1,0 x 10® M with?
detection limit of 1.0 x 107" M.

Conclusion ,
The capacitive DNA sensor with Lip-PNA probe is suitable for the direct detection of affny

hybridization.
Keywords: affinity biosenéw, DNA sensor, PNA, capacitive biosensor
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A NEW STRATEGY FOR ON-SOLID-SUPPORT LABELING OF
PYRROLIDINYL PEPTIDE NUCLEIC ACID BY REDUCTIVE
ALKYLATION AND CLICK CHEMISTRY

Boonsong Ditmangklo,' Chaturong Suparpprom,’ Tirayut Vilaivan®"

'Department of Chemistry and Center of Excellence for Innovation in Chemistry,
Faculty of Science, Naresuan University, Ta-Po District, Muang, Phitsanulok 65000,
Thailand

?Organic Synthesis Research Unit, Department of Chemistry, Faculty of Science,
Chulalongkorn University, Phayathai Road, Patumwan, Bangkok 10330, Thailand
*e-mail: vtirayut@chula.ac.th

Abstract: A new strategy for site-specific modification of pyrrolidinyl peptide
nucleic acid consisting of an alternating sequence of nucleobase-modified D-
proline/(1S,2S)-2-aminocyclopentanecarboxylic acid (acpcPNA) has been developed.
The reductive N-alkylation of the acpcPNA, previously modified with a (3R,4S)-3-
amino pyrrolidine-4-carboxylic acid (azaACPC) spacer, was carried out on solid
support by first reacting the azaACPC-modified acpcPNA(1) with 4-azidobutanal in
the presence of NaBH;CN under mildly acidic conditions. The azide-modified
acpcPNA (2) was further labeled with 1-ethynylpyrene, a representative alkyne-
functionalized fluorophore, using Cu(l)-catalyzed Huisgen azide-alkyne cycloaddition
(click chemistry). The two-step reaction sequence proceeded in quantitative yield
without side reactions as verified by MALDI-TOF mass spectrometry after cleavage
of the acpcPNA from the solid support. This strategy offers a convenient and effective
way for the development of internally-labeled fluorescent acpcPNA probes.
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DUAL-PYRENE-LABELED PYRROLIDINYL PEPTIDE NUCLEIC ACID
PROBES

Nattapon Maneelun, Chalothorn Boonlua, Tirayut Vilaivan®

Organic Synthesis Research Unit, Department of Chemistry, Faculty of Science,
Chulalongkorn University, Phayathai Road, Patumwan, Bangkok 10330, Thailand
*e-mail: vtirayut@chula.ac.th

Abstract: In this study, dual-pyrene-labeled pyrrolidinyl peptide nucleic acid
(acpcPNA) probes have been rationally designed by site-specifically attaching two
pyrene chromophores onto the backbone of the same acpcPNA strand. The
fluoresecence spectra of the single stranded acpcPNA showed mainly the excimer
emission at 470 nm, indicating that the two pyrene chromophores were in close
proximity. Upon hybridization with the complementary DNA target, the two
chromophores were separated, resulting in the enhancement of the pyrene monomer
emission at 380 nm. The ratios of monomer to excimer emissions of the modified
acpcPNA were between 0.27 to 0.43 in the single stranded form, and between 0.48 to
1.19 after hybridization, depending on the distance between the two pyrene
chromophores. These dual-labled acpcPNA should be useful as probes for detecting
sequences of DNA. The advantage of this design over conventional molecular
beacons is that not only intensity, but also the emission wavelength, change
significantly upon hybridization with the DNA target.

excimer cmission
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PYRROLIDINYL PEPTIDE NUCLEIC ACID TERMINALLY-LABELED WITH
THIAZOLE ORANGE AS A FLUORESCENT DNA PROBE

Chaiwat Maneethamwong,' Boonsong Ditmangklo,” Chaturong Suparpprom,” Tirayut
Vilaivan'*

'Organic Synthesis Research Unit, Department of Chemistry, Faculty of Science,
Chulalongkorn University, Phayathai Road, Patumwan, Bangkok 10330, Thailand
2Department of Chemistry, Faculty of Science, Naresuan University, Ta-Po District, Muang,
Phitsanulok 65000, Thailand

*e-mail: vtirayut@chula.ac.th

Abstract: The unsymmetrical cyanine dye thiazole orange (TO) was attached at the N-
terminus of pyrrolidinyl PNA with D-proline/(1S,2S5)-2-aminocyclopentanecarboxylic acid
backbone (acpcPNA) with the aim to be used as a fluorescent probe for DNA sequence
determination. The N-terminus of the acpcPNA was first functionalized with azidobutyl
group by reductive alkylation with 4-azidobutanal. The TO label, previously functionalized
with an alkyne group at the N-atom of the quinoline ring, was next attached to the azidobutyl
acpcPNA via Click chemistry on soild-support. Fluorescence properties of the terminally TO-
labeled mix-base 10mer acpcPNA in the absence and presence of complementary DNA
targets were next studied. The single stranded TO-labeled acpcPNA showed very weak
fluorescence, which did not increase significantly upon hybridization to the complementary
DNA target having exactly the same length. On the other hand, hybridization of the TO-
labeled acpcPNA with a 21-base DNA consisting of a 10-base region complementary to the
labeled acpcPNA resulted in a 12-fold fluorescence increase. Addition of another short DNA
sequence complementary to the overhanging single stranded region resulted in a dramatic
increase of fluorescence (up to 89-fold) while addition of non-complementary DNA did not
give the same fluorescence increase. The results are explained by the interaction between the
TO label and the DNA duplex. The large fluorescence increase suggests that the terminally-
labeled acpcPNA may be used for developing a probe for specific DNA sequence
determination.
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ORTHOGONALLY-PROTECTED 3-AMINOPYRROLIDINE-4-CARBOXYLIC
ACIDS FOR SYNTHESES OF DOUBLY-LABELED PYRROLIDINYL PEPTIDE
NUCLEIC ACIDS
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Organic Synthesis Research Unit, Department of Chemistry, Faculty of Science,
Chulalongkorn University, Phayathai Road, Patumwan, Bangkok 10330, Thailand
*e-mail: vtirayut@chula.ac.th

Abstract: Pyrrolidinyl peptide nucleic acids (acpcPNA) labeled at the backbone with a
suitable Fluorescence Resonance Energy Transfer (FRET) pair are potentially useful as
fluorescence probes that can change their fluorescence intensity and/or emission wavelength
upon hybridization to correct DNA targets. While single labeling of acpcPNA at the
backbone has previously been achieved through replacement of the usual 2-
aminocyclopentanecarboxylic acid (ACPC) monomer in acpcPNA with N-Tfa-protected 3-
aminopyrrolidine-4-carboxylic acid (APC) monomer, synthesis of doubly-labeled PNA
requires an additional APC protecting group that must be compatible with the Fmoc
chemistry (removable by non-aqueous base) used for the synthesis of the acpcPNA and with
the Tfa group (removable by aqueous base) used for protection of the first APC residue. In
this work, we had synthesized N-(o-nosyl)- (removable by thiolate) and N-Teoc-protected
(removable by fluoride) APC derivatives and evaluated their potential to be used in
combination with the N-Tfa-protected APC monomer for the synthesis of doubly-modified
acpcPNA. While the N-Tfa group could be selectively removed in the presence of either N-
Teoc or N-(o-nosyl) groups, only removal of the latter could be selectively achieved in the
presence of N-Tfa group. The combination of N-(o-nosyl)- and N-Tfa-protected APC
monomers provided excellent level of orthogonality in the synthesis of model doubly-
modified acpcPNAs as demonstrated by MALDI-TOF mass spectrometry.
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HIGHLY SPECIFIC DNA SEQUENCE DETERMINATION BY PYRENE-LABELED
PYRROLIDINYL PEPTIDE NUCLEIC ACID PROBES IN COMBINATION WITH
ENZYMATIC DIGESTION
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Tirayut Vilaivan'

1Organic Synthesis Research Unit, Department of Chemistry, Faculty of Science,
Chulalongkorn University, Bangkok 10330, Thailand

2Department of Chemistry, Faculty of Science, Naresuan University, Phitsanulok, 65000,
Thailand

*e-mail: vtirayut@chula.ac.th

Abstract: Oligonucleotide probes labeled with environment-sensitive fluorophores are
powerful tools for studies of molecular diagnostics, and biotechnology. In this work, we have
synthesized a hybridization-responsive pyrrolidinyl peptide nucleic acid (acpcPNA) probe.
The acpcPNA probe was covalently modified at the backbone with a pyrene chromophore
through a flexible linker via acylation or reductive alkylation of 3-aminopyrrolidine-4-
carboxylic acid (APC)-modified acpcPNA. The fluorescence of the pyrene-labeled acpcPNA
is quenched by the nucleobases (especially T and C) in the single-stranded state.
Hybridization of the pyrene-labeled acpcPNA to its complementary DNA target resulted in a
large increase in fluorescence signal (up to 14-fold). Hybridization to mismatched DNA gave
variable results (unchanged, decreased or increased fluorescence relative to the single-
stranded PNA), depending on the position and type of the mismatch pairs. Fluorescence
analysis showed that the complementary PNA-DNA hybrid was much more resistant to
digestion by nuclease S1, an enzyme that specifically hydrolyzes single-stranded DNA, than
mismatched hybrids. Accordingly, perfect discrimination between complementary and
mismatched DNA targets had been achieved after 10-min digestion of the hybrids by the
enzyme, whereby the fluorescence of the mismatched hybrids returned to baseline (i.e.
similar to single-stranded PNA) and that of the complementary hybrid remained unchanged.
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0001

Internally-labeled pyrrolidinyl peptide nucleic acids as a quencher-free molecular
beacon

Chalothorn Boonlua,' Chotima Vilaivan,' Nisanath Reenabthue,’ Boonsong Ditmangklo,2
Chaturong Suparpprom,” Tirayut Vilaivan'*

'Organic Synthesis Research Unit, Department of Chemistry, Faculty of Science,
Chulalongkorn University, Phayathai Road, Patumwan, Bangkok 10330

2Departmen‘[ of Chemistry and Center of Excellence for Innovation in Chemistry, Faculty of
Science, Naresuan University, Ta-Po District, Muang, Phitsanulok, 65000

*E-mail: vtirayut@chula.ac.th

Abstract: DNA or PNA probes labeled with one or more environment-sensitive
chromophores are potentially useful as diagnostic tools. In this study, we had developed a
reliable method for site-specific internal labeling of pyrrolidinyl peptide nucleic acid
(acpcPNA) via acylation or reductive alkylation of 3-aminopyrrolidine-4-carboxylic acid
(apc)-modified acpcPNA. When pyrene was used as the label through a flexible linker, the
fluorescence of the pyrene-labeled single stranded acpcPNA was very low due to the
effective quenching of pyrene by pyrimidine bases. The fluorescence increases up to 14-fold
upon hybridization of the acpcPNA to the complementary DNA. No fluorescence increase
was observed in the presence of single base mismatch DNA targets, provided that the
mismatch base located in close proximity to the site of label attachment. As a result, the
pyrene-labeled acpcPNA can behave as an effective quencher-free molecular beacon. The
scope and limitation of this new PNA beacon, as well as the mechanism of fluorescence
change, are being explored.

——PNA

1

: | — — PNA+complementary DNA

I «eneenee- PNA*+Mismatch DNA /\/\/

1 Complementary DNA

1
300 |I | /
S

| ‘|
[ T é E
|
1
|
|
|
|
1
1

400 -

Intensity (a.u.)

200 - PNA probe \
|
‘ DAY

- Mismatch DNA
100

o

—

r |
e IARASS

X=CO,CHy

T T T T 1
350 400 450 500 550 600
Wavelength {(nm)

Publication status

[ ] Published
Citation information:
[x] To be published
Proposed submission date: Dec 2011



0002

FRET Detection of DNA sequence via electrostatic interaction of polycationic
phenyleneethynylene dendrimer with DNA/PNA hybrid

Kunnigar Vongnam', Warathip Siripornnoppakhun?, Tirayut Vilaivan®, Paitoon Rashatasakhon®
and Mongkol Sukwattanasinitt’

! Program of Petrochemistry and Polymer Science, Faculty of Science, Chulalongkorn University
? Organic Synthesis Research Unit, Department of Chemistry, Faculty of Science, Chulalongkorn
University

*E-mail: smongkol@chula.ac.th

Abstract: Interaction between a polycationic compound and DNA is a useful phenomenon for
development of a new DNA sensing system. In this work, dendritic polycationic
phenyleneethynylene fluorophores are investigated as a Forster resonance energy transfer (FRET)
donor for the detection of DNA hybridization in conjunction with a fluorescein-labeled
pyrrolidinyl peptide nucleic acid (Fl-acpcPNA) probe. The first generation dendrimer is an
efficient energy donor for the fluorescein acceptor but also shows non-specific FRET signal with
Fl-acpcPNA. The addition of N-methyl 2-pyrrolidone can virtually completely remove the non-
specific interaction between Fl-acpcPNA and the dendrimer. Under the optimal condition, the
complementary DNA gives a distinctively high FRET ratio (1.42) comparing with those of the
non-complementary (0.26) and singly mismatched (0.51) DNAs. The FRET ratio responses
linearly with the DNA concentration with the detection limit lower than 1 nM. The FRET ratio is
even higher for the complementary target DNAs with extra hanging nucleotide sequences, which
is a more frequently encountered scenario in real applications.
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Development of signal amplification method assisted by polymerization for DNA detection

Praethong Laopa'?, Tirayut Vilaivan®, Voravee P. Hoven®*

'Program in Petrochemistry, Faculty of Science, Chulalongkorn University, Phayathai Road,
Patumwan, Bangkok 10330

2Center for Petroleum, Petrochemicals, and Advanced Materials, Chulalongkorn University,
Phayathai Road, Patumwan, Bangkok 10330

3Organic Synthesis Research Unit, Department of Chemistry, Faculty of Science, Chulalongkorn
University, Phayathai Road, Patumwan, Bangkok 10330

*E-mail: vipavee.p@chula.ac.th

Abstract: Signal amplification by polymerization has been recently emerged as a simple, rapid,
sensitive, and inexpensive way to detect DNA binding. In principle, hundreds to millions of
times of signals can be amplified through the chain propagation of the designated monomer from
the initiator immobilized on biosensor surface under appropriate condition. The resulting
polymer would thus change the optical property of the sensing spot, which later becomes
visually distinguishable from the background. Here in this research, two monomers were used
for investigation: poly(ethylene glycol)methacrylate (PEGMA) and rhodamine B-functionalized
2-hydroxyethylmethacrylate (RhB-HEMA). These two monomers yielded colored copolymer
that can be visualized by naked eye without the equipment requirement and are water-soluble,
the characteristic mandatorily required to assure that the copolymer unbound to the biosensor
surface can be removed by aqueous washing. According to our preliminary investigation, the
desired copolymer appearing in red can grow from the initiator grafted on paper with minimal
background from non-specific adsorption of unbound copolymer. The employment of a purge-
free controlled polymerization based on activators regenerated by electron transfer for atom
transfer radical polymerization (ARGET ATRP) truly add simplicity to the detection process. It
is our on-going investigation to determine the ability of a peptide nucleic acid probe bearing a
conformationally rigid D-prolyl-2-aminocyclopentanecarboxylic acid backbone (acpcPNA) end-
capped with ARGET ATRP initiator in amplifying the signal upon hybridization with target
DNA that was immobilized on paper-based biosensor.
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Surface-functionalized magnetite nanoparticles for immobilization of PNA and DNA

Thapanapong Theppaleak’, Boonjira Rutnakornpitukl, Uthai Wichai', Tirayut Vilaivan® and
Metha Rutnakornpituk'*

'Department of Chemistry and Center of Excellence for Innovation in Chemistry, Faculty of
Science, Naresuan University, Phitsanulok, 65000

*Organic  Synthesis Research Unit, Department of Chemistry, Faculty of Science,
Chulalongkorn University, Phayathai Road, Patumwan, Bangkok 10330

*E-mail: methar@nu.ac.th

Abstract: We here report the surface modification of magnetite nanoparticle (MNP) with the
copolymer of poly(ethylene glycol) methyl ether methacrylate (PEGMA) and diethylamino
ethyl methacrylate (DEAEMA) via atom transfer radical polymerization (ATRP) for use as a
cationic nanosolid capture for detection of DNA sequence using PNA probe. Molar ratio of
the PEGMA:DEAEMA copolymer was systematically varied to obtain 100:0, 75:25, 50:50,
25:75 and 0:100, respectively, to tune the positive charges on the particle surface after
quaternization. Kinetic studies of the (co)polymerizations were also investigated via "H NMR
to disclose the relative reactivity of the polymers in the grafting reaction. Zeta potential of the
(co)polymer-coated MNP was analyzed by photo -correlation spectroscopy (PCS).
Transmission electron microscopy (TEM) and PCS indicated an improvement in the particle
dispersibility in water upon quaternization of the DEAEMA entities grafted on the particle
surface. From the preliminary results, these copolymer-grafted MNP can be used as a solid
support to differentiate between full match and single-base mismatch DNA sequences using
PNA probe. These novel cationic nanocaptures might be applicable for use as a magnetic
guidable tool for detection of DNA sequences.
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Effect of the length and terminating head group of blocking thiols on the label-free
capacitive detection of DNA using immobilized pyrrolidinyl acpcPNA probe

: 1,2 1,2 1,2 1,2
Orawan Thipmanee'*?, Saluma Samanman'*, Supannee Sankoh ™ 3 Apon Numnuam 3
Warakorn Limbut'**, Proespichaya Kanatharana'*~, Tirayut Vilaivan® and Panote
Thavarungkul"- >¢*

"Trace Analysis and Biosensor Research Center, Prince of Songkla University, Hat Yai,
Songkhla 90112

? Center of Excellence for Innovation in Chemistry, Faculty of Science, Prince of Songkla
University, Hat Yai, Songkhla 90112

3 Department of Chemistry, Faculty of Science, Prince of Songkla University, Hat Yai,
Songkhla 90112

4 Department of Applied Science, Faculty of Science, Prince of Songkla University, Hat Yai,
Songkhla 90112

> Organic Synthesis Research Unit, Department of Chemistry, Faculty of Science,
Chulalongkorn University, Bangkok 10330

% Department of Physics, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla
90112

*E-mail: panote.t@psu.ac.th

Abstract: The influence of the length and the terminating head group of blocking thiols on
the sensitivity and specificity of a label-free capacitive DNA detection system using
immobilized pyrrolidinyl peptide nucleic acid (acpcPNA) probes was studied. A C-terminal
lysine-modified acpcPNA was immobilized through four different alkanethiol self-assembled
monolayers (SAMs), i.e., 3-mercaptopropionic acid (MPA), thioctic acid (TA), thiourea (TU)
and mercaptosuccinic acid (MSA). The hybridization between the acpcPNA probes and the
target DNA was directly measured using the capacitive system. Five blocking thiols of
various length (C=3, 6, 8, 9 and 11), with the -OH terminating head group, i.e., 3-mercapto-1-
propanol (3-MPL), 6-mercapto-1-hexanol (6-MHL), 8-mercapto-1-octanol (8-MOL), 9-
mercapto-1-nonanol (9-MNL), 11-mercapto-1-undecanol (11-MUL) and another blocking
thiol (C=11) with a -CH3 terminating head group, I-dodecanethiol (1-DDT) were
investigated. The blocking thiol with the same length as the total spacer of the immobilized
acpcPNA gave the highest sensitivity and specificity with the -OH terminating head group
providing a slightly better signal than the -CH3 group. Under the optimized conditions, the
immobilized acpcPNA probes provided a wide linear range for DNA detection (1.0x10-11 to
1.0x10-8 M) with a very low detection limit in the picomolar range. The modified acpcPNA
electrode could be reused through at least 58 cycles. The high sensitivity and very low
detection limits are potentially useful for the analysis of ultra-trace levels of DNA in samples.
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Monitoring interactions of acpcPNA with DNA duplexes by gel electrophoresis
Sita Virakul,' Pacthong S. Laopa,” Tirayut Vilaivan,” Nattiya Hirankarn'*

! Faculty of Medicine, Chulalongkorn University, Bangkok
? Faculty of Science, Chulalongkorn University, Bangkok,

*E-mail: nattiyap@gmail.com

Abstract: The knowledge of using certain HLA allele for drug hypersensitivity prediction is one
of the major breakthroughs to drastically prevent patients from suffering with a lethal Stevens -
Johnson syndrome in recent years. Currently, HLA gene detection systems are developed mostly
on traditional molecular techniques for transplantation which is too informative to find one allele
for drug hypersensitivity prediction. Fluorescein-labeled pyrrolidinyl peptide nucleic acid (FAM-
labeled acpcPNA) is introduced to further increase the specificity of conventional PCR and
LAMP-based detection. However, the results obtained so far had not been successful despite the
ability of the PNA probe to bind to single stranded synthetic deoxyoligonucleotide was
confirmed by thermal denaturation experiments. The aim of this study is to understand the nature
of interaction of acpcPNA with double-stranded DNA derived from PCR amplification using gel
electrophoresis. A FAM-labeled acpcPNA was designed to detect interferon gamma gene (IFN-
g). The successful hybrid formation with single stranded synthetic deoxyoligonucleotide target
was confirmed by agarose gel electrophoresis under non-denaturing conditions as shown by a
new fluorescent band that migrates into the gel as opposed to the baseline band of the
unhybridized FAM-Ilabeled acpcPNA. No new band was observed with non-specific target,
suggesting that the interaction is specific. The amount of 10 pmol PNA was found to be the
minimum quantity that allows convenient direct visualization. When the FAM-labeled acpcPNA
was hybridized with heat-denatured PCR products containing the target sequence, only partial
binding was observed as evidenced by the presence of both excess PCR product and PNA, as
well as a new band corresponding to the PNA-PCR product complex. The temperature and
hybridization time were varied, and it was observed that the longer the hybridization time lead to
less efficient binding of PNA. This might be due to the fact that PNA is much smaller than the
complementary PCR product strand, hence the short PNA-DNA duplex initially formed is not
stable enough compared to the longer DNA-DNA duplex. As a result, the DNA-DNA duplex
reformed after prolonged hybridization time, leading to expelling of the PNA strand. Addition of
the second pseudocomplementary PNA strand appears to improve the stability of the PNA-PCR
product complex, although the invasion was still incomplete. The results suggest a rather
complex interaction between acpcPNA and real DNA samples, which requires careful
optimization to enable applications of this PNA in real sample analysis.
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Pyrrolidinyl peptide nucleic acid homologues
Woraluk Mansawat,' Chotima Vilaivan,' David Aitken,’ Tirayut Vilaivan'*

' Organic Synthesis Research Unit, Department of Chemistry, Faculty of Science,
Chulalongkorn University, Phayathai Road, Patumwan, Bangkok 10330, Thailand
? Laboratoire de Synthése Organique et Méthodologie, ICMMO - Bat 420 - 3éme étage,

Université Paris-Sud XI, 15, rue Georges Clemenceau, 91405 Orsay cedex, France
*E-mail: vtirayut@chula.ac.th

Abstract: The original pyrrolidinyl PNA bearing the alternate sequence of nucleobase-
modified proline/2-aminocyclopentanecarboxylic acid (acpcPNA) has been a subject of
intensive investigation by our group during the past decade. While the effect stereochemistry
of the proline and the ACPC spacer on the DNA/RNA binding properties of the pyrrolidinyl
PNA is well understood, no information is available about the effect of changing the ring
size. This work aims to investigate the effect of changing the ring size of the spacer part,
which would result in a change in both the rigidity (increased rigidity is expected in six- and
four-membered relative to five-membered rings) and the conformation of the PNA backbone
(due to the change in the torsional angle (0) of the NH-C2-C1-CO which is an integral part of
the backbone). The replacement of (1S,25)-2-aminocyclopentanecarboxylic acid (ACPC)
with (185,2S5)-2-aminocyclobutanecarboxylic acid (ACBC) resulted in a new pyrrolidinyl PNA
(acbcPNA) with general binding properties similar to acpcPNA, but with an increase of T,
with both complementary DNA and RNA hybrids by 0.7-1.5 °C per modification without
compromising the specificity. In contrast, the replacement of ACPC with (1S,25)-2-
aminocyclohexanecarboxylic acid (ACHC) resulted in total loss of binding to both DNA and
RNA. The results are explained by a more favourable conformational pre-organization of the
ACBC residue.
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Dual-pyrene-labeled pyrrolidinyl peptide nucleic acid probes

Nattapon Maneelun, Chalothorn Boonlua, Tirayut Vilaivan*

Organic Synthesis Research Unit, Department of Chemistry, Faculty of Science,
Chulalongkorn University, Phayathai Road, Patumwan, Bangkok 10330

*E-mail: vtirayut@chula.ac.th

Abstract: Dual-pyrene-labeled pyrrolidinyl peptide nucleic acid (acpcPNA) probes have
been rationally designed by site-specifically attaching two pyrene chromophores onto the
same strand of acpcPNA. Single-stranded acpcPNA with two pyrenebutyryl labels showed a
strong fluorescence emission at 470 nm (pyrene excimer) and a weaker emission at 380 nm
(pyrene monomer), indicating that the two pyrene chromophores were in close proximity.
Hybrid formation with the complementary DNA target resulted in an enhancement of the
monomer emission with concomitant decrease of the excimer emission due to the disruption
of the excimer. Separation between the two pyrenebutyryl labels by 3 nucleotide units
resulted in a larger change in the ratios of monomer to excimer emissions (0.43 in ss, 1.19 in
ds) than 2 (0.27 in ss, 0.62 in ds) and 1 nucleotide (0.43 in ss, 0.48 in ds) units. Replacement
of the pyrene label from pyrenebutyryl (PyCH,CH,CH,CO-) to pyrenebutyl
(PyCH,CH,CH,CH>-) resulted in a more dramatic change in excimer/monomer emissions
ratio at 3 nucleotides separation (0.65 in ss, 2.53 in ds). The ratios of monomer to excimer
emission changed very little if the DNA target carried a single mismatched base, indicating a
high specificity. These dual-pyrene-labled acpcPNA should be useful as probes for detecting
sequences of DNA. The advantage of this design over conventional molecular beacons is that
not only intensity, but also the emission wavelength, change significantly upon hybridization
with the DNA target.

excimer emission

monomer
emission

PNA probe

DNA PNA/DNA
complement
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Cyclodextrins discrimination by tricationic phenylene-ethylnylene fluorophore

Warathip Siripornnoppakhun, Paitoon Rashatasakhon, Tirayut Vilaivan, Mongkol
Sukwattanasinitt

Organic Synthesis Research Unit, Department of Chemistry, Faculty of Science,
Chulalongkorn University, Phayathai Road, Patumwan, Bangkok 10330

*E-mail: smongkol@chula.ac.th

Abstract: The cyclodextrins (CyDs) containing six (a), seven () and eight (y) glucosyl-
membered cyclic structure are widely use in controlled release system, separation and
molecular recognition due to their complexation ability and low cytotoxicity. Size selective
inclusion complexation with CyDs and detection of this phenomenon are thus important for
development toward these applications. In this contribution, the complexation of
trimethylphenyl quaternary ammonium groups with y—CyD 1is readily observed by
fluorescence enhancement and 'H NMR signals shifts of tricationic phenylene-ethynylene
fluorophore. Benesi-Hilderbrand plot and the NMR data revealed a 1:1 complexation
between the fluorophore and y-CyD. The data also indicate no inclusion interaction between
the fluorophore and other CyDs (a and ). This tricationic fluorophore should be useful for
identify y—CyD from the other sizes CyDs and probing its inclusion interaction.
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Fluorescent-labeled quaternized chitosan particles prepared by self-assembly of
amphiphilic chitosan

Kanya Taboonpong', Tirayut Vilaivan® and Voravee P. Hoven®*
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University, Bangkok 10330
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Bangkok 10330

3Organic Synthesis Research Unit, Faculty of Science, Chulalongkorn University, Bangkok
10330

"E-mail: vipavee.p@chula.ac.th

Abstract: Upon self-assembly of amphiphilic chitosan having N-[(2-hydroxyl-3-
trimethylammonium)]propyl (HTAP) as hydrophilic entities and ethynylpyrene (fluorescent
dye) as hydrophobic entities, fluorescent-labeled quaternized chitosan (Pyr-CS-HTAP)
particles can be formed. The functionality of the quaternized chitosan particles were verified
by FT-IR and NMR spectroscopy. According to SEM analysis, the particles had a size range
of 1-2 um with blackberry-like morphology. And the particles exhibited positive charges with
a zeta-potential of +40 mV as determined by PCS. The particles had bright green
fluorescence and were stable in a broad pH and temperature range.

Figure 1. SEM (a) and fluorescence (b) micrographs of Pyr-CS-HTAP particles
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Surface-initiated atom transfer radical polymerization of poly(4-vinylpyridine) from
magnetite nanoparticle

Boonjira Rutnakornpituk', Uthai Wichai', Tirayut Vilaivan® and Metha Rutnakornpituk'*

'Department of Chemistry and Center of Excellence for Innovation in Chemistry, Faculty of
Science, Naresuan University, Phitsanulok, 65000

*Organic  Synthesis Research Unit, Department of Chemistry, Faculty of Science,
Chulalongkorn University, Phayathai Road, Patumwan, Bangkok 10330

*E-mail: methar@nu.ac.th

Abstract: Surface modification of magnetite nanoparticles (MNP) with a covalently bonded
poly(4-vinylpyridine) (P4VP) by surface initiated atom transfer radical polymerization
(ATRP) is reported herein. MNP was first prepared via thermal decomposition of Fe(acac);
and grafted with an ATRP initiator on its surface. ATRP of 4-vinylpyridine was then initiated
from the MNP surface in the presence of CuBr/PMDETA (1,1,4,7,7-
pentamethyldiethylenetriamine) catalytic complex in dioxane. FTIR in combination with
photocorrelation spectroscopy (PCS), thermogravimetric analysis (TGA) and vibrating
sample magnetometry (VSM) techniques indicated the growth of P4VP on the particle
surface with increasing the ATRP reaction time. Transmission electron microscopy (TEM)
disclosed that the average particle size was 8§ nm in diameter with some nanoaggregation
observed. From PCS results, decreasing the solution pH enhanced the particle dispersibility
due to the positive charge repulsion of the protonated P4VP on the particle surface. TGA was
also performed to elucidate the composition of P4VP shell and magnetite core in the hybrid
material.
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Label-free capacitive DNA sensor based on tyramine modified pyrrolidinyl PNA probe
Supannee Sankoh'??, Saluma Samanman'*?, Orawan Thipmaneel’2’3, Apon Numnuam'*?,
Warakorn Limbut'**, Proespichaya Kanatharana'*, Tirayut Vilaivan® and Panote
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! Trace Analysis and Biosensor Research Center, Prince of Songkla University, Hat Yai,
Songkhla 90112

* Center of Excellence for Innovation in Chemistry, Faculty of Science, Prince of Songkla
University, Hat Yai, Songkhla 90112

3 Department of Chemistry, Faculty of Science, Prince of Songkla University, Hat Yai,
Songkhla 90112

4 Department of Applied Science, Faculty of Science, Prince of Songkla University, Hat Yai,
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> Organic Synthesis Research Unit, Department of Chemistry, Faculty of Science,
Chulalongkorn University, Bangkok 10330

% Department of Physics, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla
90112

*E-mail: panote.t@psu.ac.th

Abstract: Pyrrolidinyl peptide nucleic acid (acpcPNA) is a new PNA that offers many
advantages for target hybridization. In this work, the acpcPNA probes were immobilized on a
gold electrode through a layer of polytyramine film, modified on a gold electrode surface by
electropolymerization process. The functional groups of the polymer were activated with
glutaraldehyde for acpcPNA probes immobilization. The final step was to immerse the
electrode in a 11-mercapto-1-undecanol (11-MUL) solution to block any pinholes on the gold
electrode surface. The hybridization between the target DNA and the immobilized acpcPNA
probe was detected by capacitance measurement. The capacitive system could detect the
target DNA with a wide linear range (1.0 x 10-12 and 1.0 x 10-8 M) and a very low detection
limit (0.8 pM). The system provided very good discrimination against single and double base
mismatched DNAs. The modified acpcPNA probe provided good reproducibility of residual
activity (97.9 = 1.5 %) and one preparation of the modified electrode could be reused up to
77 times with a relative standard deviation (RSD) of 1.5% and this helps to reduce the
analysis costs.

Publication status
[ ] Published
Citation information: Submitted

[X] To be published
Proposed submission date: March 2012

12



P007

Multiple detection of shrimp’s white spot syndrome virus and infectious hypodermal
and hematopoietic necrosis virus using multiplex loop mediated isothermal DNA
amplification and colorimetric signals detection via gold nanoparticles

Piyasak Chaumpluk,'* Tirayut Vilaivan®

! Laboratory of Plant Transgenic Technology and Biosensor, Department of Botany,
Faculty of Science, Chulalongkorn University, Bangkok 10330, Thailand

? Department of Chemistry, Faculty of Science, Chulalongkorn University, Bangkok 10330,
Thailand

*E-mail: piyasakcha@yahoo.com

Abstract: White spot syndrome virus (WSSV) and Infectious hypodermal and hematopoietic
necrosis virus (IHHNV) are two DNA viral pathogens of major economic importance in
shrimp aquaculture through out the world. A highly specific and sensitive diagnostic system
for detection of WSSV and IHHNYV was designed based on the multiplex LAMP method and
the colorimetric signals detection using gold nanoparticles. Multiple sets of primers specific
to 12 area of target transmembrane signal peptide and NS-1 gene of both viruses were used in
60 min reaction at 63°C. DNA signals were then measured visually through a colorimetric
change of gold particles (20nm) after each of PNA probes specific to each genes hybridized
to the target gene products. The method could detect either of these viruses or both and had
same limit of detection to each viruses at 50 copies of cloned viral DNA. No cross reactivity
was observed from samples contaminated with other viruses. This provides an alternative for
simple screening and point of care control of the viruses in long run.

Publication status
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Establishment of hemoglobin E lateral flow strip test by peptide nucleic acid:
A preliminary study

Theeradet Khomwan', Nattiya Hirankan®, Tirayut Vilaivan®, Amornpun Sereemaspun'*
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*E-mail: amornpun.s@chula.ac.th

Abstract: Hemoglobin E disease is the most common [B-structural hemoglobin variant that is
constituted for 13 % of Thai population. Interestingly, around 50-60 % of B-Thalassemia/Hb E
was found in the northeast of Thailand. To date, the screening test for -Thalassemia/Hb E is the
detection of hemoglobin precipitation, but this assay is time-comsuming and requires skilled
person to interpret results. In addition, the temperature may affect the test that has very fragile
erythrocyte and may lead to the false-positive results. The objective of this study is to develop a
screening test that uses nanotechnology and PNA probe by sandwich hybridization. The results
from this technique are shown in red band on test strips that are easily visible by naked eyes, less
time-consuming, easy to carry and high-specificity. Preliminary results with synthetic DNA that
have been made as a placebo to the genomic DNA of the patients show that PNA probes have
high-specificity and is capable to get results within 30 minutes. These findings suggest a new
promising method for clinical applications in the near future.
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0001: A sequential reductive alkylation-Click chemistry for site-specific labeling of
PNA

Boonsong Ditmangklo,' Chaturong Suparpprom,’ Tirayut Vilaivan®*
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Abstract: A general strategy for site-specific labeling of pyrrolidinyl PNA with D-prolyl/2-
aminocyclopentanecarboxylic acid backbone (acpcPNA) was developed. The acpcPNA was
first modified by replacement of the (1S§,25)-2-aminocyclopentanecarboxylic acid (acpc)
linker with N-trifluoroacetyl (Tfa)-protected (3R,4S)-3-aminopyrrolidine-4-carboxylic acid
(apc) linker. After selective deprotection of the N-Tfa group, various labels including those
containing reactive functional groups like protected amino, alkynes and azides could be post-
synthetically introduced via reductive alkylation. Subsequent secondary modification by
Click reaction with azide- or alkyne-containing labels allowed efficient incorporation of
various dyes including pyrene and thiazole orange to the acpcPNA backbone. The internally-
labeled acpcPNA are useful as probes that can yield fluorescence change upon binding to
specific DNA targets.
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0002: Establishment of hemoglobin E lateral flow strip test by peptide nucleic acid: A
preliminary study with human genomic DNA

Amornpun Sereemaspun®* and Teeradet Khomvarn

Nanobiomedicine Laboratory, Department of Anatomy, Faculty of Medicine,
Chulkalongkorn University, Rama 4 Road, Patumwan District, Bangkok 10330
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Abstract: Hemoglobin E disease is the most common B-structural hemoglobin variant that is
constituted for 13 % of Thai population. Interestingly, around 50-60 % of B-Thalassemia/Hb
E was found in the northeast of Thailand. To date, the screening test for B-Thalassemia/Hb E
is the detection of hemoglobin precipitation, but this assay is time-consuming and requires
skilled person to interpret results. In addition, the temperature may affect the test that has
very fragile erythrocyte and may lead to the false-positive results. The objective of this study
is to develop a nucleic acid lateral flow strip test that uses peptide nucleic acid (PNA)
probesfor sandwich hybridization. Preliminary results with synthetic DNA that have been
made as a placebo to the genomic DNA of the patients show that PNA probes have high-
specificity and is capable to get results within 30 minutes. For further clinical applications in
the near future, interesting data of PNA-based nucleic lateral flow strip test with human
genomic DNA would be presented. In vitro alternative assay for enhancing the sensitivity and
specificity of this test strip would be discussed.
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0003: Paper-based lab-on-chip for optical detection of novel 2009 human influenza A
virus (H1N1) based on B-pyrrolidinyl peptide nucleic acid hybridization in colloidal of
blue silver nanoplates

Piyasak Chaumpluk,'” Tirayut Vilaivan,” Sanong Ekgasit,” Yong Poovorawan®
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Abstract: A novel, low cost, and highly sensitive paper-based lab-on-chip optical sensor for
the detection of a target DNA via nucleic acid hybridization probe using blue colloidal silver
nanoplates (AgNPIs) as the colorimetric indicator was developed. The single unit chip was
fabricated on Whatman filter paper using plastic lamination. It has 2.5x3 cm” dimension and
divided into 2 parts, one for nucleic acid amplification and the other for signal detection.
Novel numan influenza virus HIN1 assay was by viral specific HA gene amplification in an
amplification part via isothermal reverse transcription loop mediated DNA amplification
platform using primer set specific to 6 areas of the gene. Further DNA signals detection, at
signal detection part, was based on AgNPIls exhibiting blue-colored surface plasmon
resonance and turning colorless upon aggregation. This related with target nucleic
hybridization but not non target one with B-pyrrolidinyl peptide nucleic acid forming no color
changes. Assay had a limit of detection at 10 copies of target HA gene with high specificity
against other types of infectious viruses. It spent only one hour to complete all detection
processes and could be visually observed with naked eye.
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0004: Surface-functionalized magnetite nanoparticles for immobilization of PNA and
DNA

Thapanapong Theppaleak', Boonjira Rutnakornpituk', Uthai Wichai', Tirayut Vilaivan® and
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Abstract: We here report the surface modification of magnetite nanoparticle (MNP) with the
copolymer of poly(ethylene glycol) methyl ether methacrylate (PEGMA) and diethylamino
ethyl methacrylate (DEAEMA) via atom transfer radical polymerization (ATRP) for use as a
cationic nanosolid capture for detection of DNA sequence using PNA probe. Molar ratio of
the PEGMA:DEAEMA copolymer was systematically varied to obtain 100:0, 75:25, 50:50,
25:75 and 0:100, respectively, to tune the positive charges on the particle surface after
quaternization. Photo correlation spectroscopy (PCS) indicated an increase in degrees of
positive charge of the particles after quaternization. Transmission electron microscopy
(TEM) and PCS indicated an improvement in the particle dispersibility in water upon
quaternization of the DEAEMA entities grafted on the particle surface.

Application of the (co)polymer-grafted MNP as a cationic support for detection of
DNA sequences with the use of acpc-PNA as a probe was investigated using ion exchange
capture strategy. The particles coated with 50:50 and 100:0 molar ratio of
PEGMA:DEAEMA copolymers were used in this study to represent those with different
degrees of surface charges (27 and 33 mV, respectively). Fluorescence spectroscopy revealed
that the binding capability of the particles to DNA tagged with fluorescein at 5'-position
(FAM-dAy) was 88 and 171 nmole nucleotide/g MNP, respectively. PNA signals of PNA-
DNA hybrids adsorbed on the cationic MNP were examined by the matrix-assisted laser
desorption ionization-time-of-flight (MALDI-TOF) mass spectrometry. It was found that
minimum detectable quantity of PNA-DNA hybrids adsorbed on the particle was 70 pmole in
both samples. Two DNA sequences including the sequence stimulating to C-methylation
cancer cells and Kirsten Rat Sarcoma (K-ras) gene were used in this study. The samples can
differentiate between full match and single-base mismatch targeting DNA sequences using
both single and double PNA probes. This polymer-grafted MNP might be applicable for use
as a magnetically guidable tool for detection of real DNA samples in the future.
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0005: Positively charged polymeric support for DNA sequence analysis using PNA
probes: Success, failure, and opportunity
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Abstract: Taking advantage of the charge difference between peptide nucleic acid (PNA), a
DNA analog, having an uncharged peptide-like backbone and DNA having negatively
charged sugar-phosphate backbone, this research aimed to develop positively charged
polymeric platforms that are capable of capturing PNA which acts as a probe only when it is
hybridized with its complementary DNA. DNA sequence in the duplex captured by the
positively charged polymeric platforms was then identified by non-labeling techniques. The
first platform is based on quaternized chitosan particles obtained by ionic crosslinking of
chitosan followed by heterogeneous methylation. Using the conformationally rigid
pyrrolidinyl PNA derived from D-prolyl-2-aminocyclopentane-carboxylic acid (acpc)
backbones (acpcPNA) as a probe, a synthetic 14-mer, mixed base DNA of which sequence
mimics mutant K-ras DNA, a mutated region associated with cancer, can be detected at 10
pmol level by MALDI-TOF mass spectrometry employing the quaternized chitosan particles
as anion exchange captures. Quaternized chitosan particles can also be prepared by an
alternative method based on self-assembly of amphiphilic chitosan. The self-assembled
particles, however, failed to serve as effective anion exchange captures for DNA analysis.
Nonetheless, it has been later discovered that one of the synthesized amphiphilic chitosan
having pyrene as hydrophobic entity yielded fluorescent-labeled particles with unique
blackberry-like morphology which are quite stable in broad pH and temperature ranges and
exhibit a number of desirable characteristics that may be applicable for bioimaging. The
second platform, on the other hand, was developed from filter paper functionalized with
quaternized poly(2-(dimethylamino)ethyl methacrylate (QPDMAEMA) brushes. It showed superior
performance to commercially available membranes, Nylon 66 and nitrocellulose, for DNA
sequence detection following a Dot blot format employing biotinylated acpcPNA probe and
the enzyme-mediated colorimetric assay. The low non-specific interaction of the modified
filter paper, together with the high specificity of the PNA probe allows single mismatch
discrimination down to 10 fmol of DNA targets. It is our ongoing effort to determine the
possibility of improving detection limit by using electrochemical detection based on the same
capturing strategy.
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0006: Effect of DNA target length on a label-free capacitive DNA sensor based on poly-
para-phenylenediamine modified pyrrolidinyl PNA probe
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Abstract: The influence of the DNA target length on the sensitivity of a label-free capacitive
DNA sensor using a pyrrolidinyl peptide nucleic acid (acpcPNA) probe with 11 mixed bases
was studied. A C-terminal lysine-modified acpcPNA probe was immobilized through a thin
film of a non-conducting polymer, poly-para-phenylenediamine (PpPD). The hybridization
between the acpcPNA probes and the target DNAs was directly measured using the
capacitive system. Four DNA targets with different length (11, 41, 61 and 65 bases) were
investigated. The DNA target with the longest overhang on the electrode surface gave the
highest sensitivity. Under the optimized conditions, the immobilized acpcPNA probes
provided a wide linear range for DNA detection (1.0x10™% to 1.0x10™® M) with a very low
detection limit in the picomolar range. The modified acpcPNA electrode could be reused
through at least 85 cycles. The high sensitivity and very low detection limits are potentially
useful for the analysis of ultra-trace levels of DNA in the samples.
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P001: Electrochemically active peptide nucleic acid probes
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Abstract: Electrochemical detection offers a rapid, sensitive and inexpensive mean for DNA
sensing applications. This work aims to develop electrochemically active pyrrolidinyl peptide
nucleic acid (acpcPNA) probes for electrochemical detection of DNA sequence. To enable
electrochemical detection, the acpcPNA was first labeled with a redox active label such as
methylene blue (MB) or anthraquinone (2-AQ) at the N-termini via acylation with the
carboxyl-containing label. The 2-AQ- and MB-labeled acpcPNA with a T¢ sequence when
hybridized with complementary DNA (dA9) shows an increased in melting temperature (75,)
by 4.3-5.6 °C compared to unlabeled acpcPNA. The results can be explained by n-n
interaction between the redox active unit and the terminal base pairs. Hybridization with
single mismatched DNA decreases the 7y, by 2628 °C, suggesting the high specificity of the
DNA hybridization. The labeled acpcPNAs were next studied by square-wave voltammetric
(SWV) method, which yield the signals at —0.70 (2-AQ) and —0.24 (MB) V respectively. The
signals decreased dramatically (to less than 10% of the original values) after adding
complementary DNA, thus validating the concept of using redox active PNA as a probe for
electrochemical detection of DNA sequence.
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P002: Synthesis and optical properties of pyrrolidinyl peptide nucleic acid carrying 1-
pyrenylethynyladenine (A™") base
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Abstract: Pyrene-modified DNA and its analogues are useful hybridization-responsive
fluorescence probes for DNA or RNA sequence determinations. DNA probes carrying
pyrenylethynyl-labeled adenine (A™) possess interesting optical properties, although their
base-pairing do not strictly follow Watson-Crick base pairing rules. In this work, the A™*
base was incorporated into pyrrolidinyl peptide nucleic acid bearing proline/2-
aminocyclopentanecarboxylic acid backbone (acpcPNA). The A™" acpcPNA monomer was
synthesized via Sonogashira coupling reaction between the corresponding 8-bromoadenine
acpcPNA monomer and 1-ethynylpyrene. A model acpcPNA carrying the A™" base,
T*APET?, showed the specific recognition between the base A™ in acpcPNA and the base T
in DNA according to UV melting analyses. Most importantly, the fluorescence of A™" was
increased by 1.6 folds upon pairing with complementary DNA. On the other hand, the
fluorescence signal was decreased by 0.7—0.9 fold in the presence of single-base mismatched
DNA. These results showed that the acpcPNA containing A™" is potentially useful as a
fluorescent DNA probe.
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P003: Poly(ethylene glycol)-modified pyrrolidinyl peptide nucleic acid

Thanesuan Nuanyai, Tirayut Vilaivan*®
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Abstract: One of the problems associated with pyrrolidinyl peptide nucleic acid (acpcPNA)
system previously developed by our group was hydrophobicity. Thus, acpcPNA has limited
aqueous solubility and showed significant non-specific interactions with non-polar molecule
such as pyrene and other non-polar dyes. To overcome the problem, the acpcPNA backbone
was modified by poly(ethylene glycol) derivatives with different numbers of repeating unit
(1-3) and end groups (OH, NH,). N-Fmoc-amino poly(ethylene glycol) and O-trityl-
poly(ethylene glycol) were prepared from di-, tri- and tetra-ethylene glycol by selective
modification of one end of the molecules. IBX oxidation of the mono-alcohols afforded
aldehyde derivatives of poly(ethylene glycol). Reductive alkylation of apc-modified
acpcPNA with these aldehydes gave poly(ethylene glycol)- modified acpcPNA. The modified
acpcPNA with hydroxy substitution gave slightly lowered T7;, with complementary DNA
when compared with unmodified acpcPNA. On the other hand, an increase in Tm was
observed with modified acpcPNA carrying amino-substitution. This can be explained by the
electrostatic interaction between the amino-modifier and the negatively-charged DNA
backbone.
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P004: Synthesis and optical properties of Nile blue- and Nile red-labeled pyrrolidinyl
peptide nucleic acids
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Abstract: Nile Blue and Nile Red are members of phenoxazine dyes. Their emission
wavelengths and intensities are known to be sensitive to environments such as solvent
polarity. In this study, we propose to modify pyrrolidinyl peptide nucleic acid with prolyl/2-
aminocyclopentanecarboxylic acid backbone (acpcPNA) with Nile Blue and Nile Red, with
the aim to develop fluorescence acpcPNA probes whose fluorescence properties are
responsive to the presence or absence of the correct DNA target. To achieve this goal, we
synthesized two new propargylated Nile Blue and Nile Red derivatives, and demonstrated
their successful attachment via Cu(I)-catalyzed alkyne-azide cycloaddition (CuAAC) (also
known as Click chemistry) onto the backbone of acpcPNA previously modified with
azidobutyl functional group. Successful introduction of the dyes onto the acpcPNA backbone
was confirmed by MALDI-TOF MS. The ability of the labeled acpcPNAs to recognize their
DNA targets as well as their optical properties (UV, fluorescence) will be next studied.
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P00S: Cytocompatibility and cellular uptake of blackberry-like particles assembled
from fluorescent-labeled quaternized chitosan
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Abstract: Upon self-assembly of amphiphilic chitosan having N-[(2-hydroxyl-3-
trimethylammonium)]propyl (HTAP) as hydrophilic entities and ethynylpyrene (fluorescent
dye) as hydrophobic entities, fluorescent-labeled quaternized chitosan (Pyr-CS-HTAP)
particles can be formed. The functionality of the quaternized chitosan particles were verified
by FT-IR and NMR spectroscopy. According to SEM analysis, the particles had a size range
of 1-2 um with blackberry-like morphology. And the particles exhibited positive charges with
a zeta-potential of +40 mV as determined by PCS. The particles had bright green
fluorescence and were stable in a broad pH and temperature range. The cytotoxicity test
revealed that the particles were biocompatible with Macrophage cells (RAW 264.7 cells).
Moreover, cellular uptake of the particles by the cells can be determined by confocal laser
scanning microscopy (CLSM) and flow cytometry techniques. The results showed that
approximately 42% of cellular uptake was observed after 1 h incubation. It has also been
found that the aggregation of the particles has a strong impact on the extent of cellular
uptake. These fluorescent-labeled quaternized chitosan particles possess a number of
desirable features that may be used for bioimaging application.
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P006: Functional polymer-stabilized gold nanoparticles: Preparation and peptide
nucleic acid immobilization
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Abstract: Poly(methacrylic  acid)-ran-(2-methacryloyloxyethyl =~ phosphorylcholine)
(PMAMPC) which can provide binding site and protein-repellent property was prepared via
Reversible Addition-Fragmentation Chain Transfer (RAFT) polymerization and grafted onto
citrate-stabilized gold nanoparticles (citrate-AuNPs) to obtain functionalizable AuNPs having
anti-fouling characteristic. Optical property, size, and morphology of PMAMPC-stabilized
AuNPs (PMAMPC-AuNPs) were evaluated by UV-vis spectroscopy, dynamic light
scattering (DLS) technique and transmission electron microscopy (TEM). The presence of
PMAMPC around the AuNPs was confirmed by Fourier transform infrared spectroscopy
(FTIR). PMAMPC-AuNPs were highly stable because of both electrostatic and steric
stabilizations of the polymeric shell. Then, fluorescein-labeled peptide nucleic acid (PNA-
flu) was immobilized to carboxyl groups of PMAMPC on PMAMPC-AuNPs via EDC/NHS
coupling chemistry. Effects of PMAMPC molecular weight, surfactant (Tween-80)
concentration on PNA-flu immobilization was determined. The amount of immobilized PNA-
flu as evaluated by fluorescence spectroscopy after KCN digestion was found to be 2.72x10"
probe/cmz. This value is two times higher than that (1.28><1013 probe/cmz) obtained via a
direct PNA immobilization by self-assembly monolayer (SAM) formation of PNA-
terminated thiol compound. This discovery strongly suggests that the 3-D structure of the
polymeric shell can provide greater probe binding capacity than the 2-D SAM system. It is
anticipated that this new polymer-stabilized AuNPs can potentially be developed into
effective PNA-based DNA biosensor.
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P007: Surface-initiated atom transfer radical polymerization of poly(4-vinylpyridine)
from magnetite nanoparticle
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Abstract: Surface modification of magnetite nanoparticles (MNP) with a covalently bonded
poly(4-vinylpyridine) (P4VP) by surface initiated atom transfer radical polymerization
(ATRP) is reported herein. MNP was first prepared via thermal decomposition of Fe(acac);
and grafted with an ATRP initiator on its surface. ATRP of 4-vinylpyridine was then initiated
from the MNP surface in the presence of CuBr/PMDETA (1,1,4,7,7-
pentamethyldiethylenetriamine) catalytic complex in dioxane. FTIR in combination with
photocorrelation spectroscopy (PCS), thermogravimetric analysis (TGA) and vibrating
sample magnetometry (VSM) techniques indicated the growth of P4VP on the particle
surface with increasing the ATRP reaction time. Transmission electron microscopy (TEM)
disclosed that the average particle size was 8 nm in diameter with some nanoaggregation
observed. From PCS results, decreasing the solution pH enhanced the particle dispersibility
due to the positive charge repulsion of the protonated P4VP on the particle surface. TGA was
also performed to elucidate the composition of P4VP shell and magnetite core in the hybrid
material.

A proposed mechanism for nanoparticle stabilization and a TEM image of the particles
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P008: A comparative study of a label-free capacitive DNA sensor based on non-
conducting polymers modified pyrrolidinyl PNA probe
3
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Abstract: This work reported a comparative study on the performances of a label-free
capacitive DNA sensor using pyrrolidinyl peptide nucleic acid with D-prolyl-2-
aminocyclopentanecarboxylic acid backbone (acpcPNA) immobilized on three non-
conducting polymers. Two phenylenediamine (PD) isomers (ortho- and para-) and one
tyramine monomer were electropolymerized to form polymer films. The hybridization
between the target DNA and the immobilized acpcPNA probe was detected by capacitance
measurement. Under the optimal electropolymerized conditions, the highest sensitivity of
20.9+0.6 —nF cm™ M was obtained from poly-para-PD (PpPD) with the lowest detection
limit of 0.2 pM. A wide linear range, 1.0x10"2~1.0x10™® M, was obtained for both the PpPD
and polytyramine (Pty). A narrower linear range of 1.0x10™'-1.0x10™® M was obtained from
poly-ortho-PD (PoPD). The surface morphology of polymer film was observed using
scanning electron microscopy and atomic force microscopy. The polymer with the better
surface morphology, i.e., smoother, denser and more homogeneous was the one with more
immobilized probes and a better overall performance. All modified polymers gave a high %
signal suppression (%SS) for both the single and double mismatched target DNAs, indicating
its high specificity. The electrodes can be reused for at least 68 analytical cycles and this
helps to reduce the analysis costs.
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P009: Postharvest non-destructive determination of fruits: A model on fruit maturity
assay via biosensor based on colorimetric change of gold nanoparticles
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Abstract: New approach for non-destructive fruit maturity determination using pineapple as
a model had been established. The assay was based on expression patterns of the putative
sucrose transporter (AcSUT1) in crown leaves during the course of physiological maturity
that could be employed as an index marker for fruit maturity. Determination of AcSUTI
cDNA was initially designed using isothermal cDNA amplification and the DNA signal
detection via biosensor based on colorimetric platform with gold colloid nanoparticles, 20 nm
in diameter. In the immature fruit, the AcSUT1 gene was expressed allowing target DNA
amplification to occur. DNA signals detection in later step was based on plasmon phenomena
of gold nanoparticles. Presence of target DNA affected gold colloid nanoparticles in term of
non aggregation with no colour change (still ruby red). However, in the mature fruit, the
expression of the AcSUT1 gene was terminated resulting in no target cDNA product
amplification. When this was tested with gold colloid nanoparticles, it induced aggregation of
particles which in turn resulted in a plasmonic change of colloid solution from ruby red to
dark purple, visible by naked eye. All processes from RNA extraction to cDNA signal
detection could be completed within 80 min without the need for a thermocycler as normally
employed during RT-PCR. The developed assay demonstrated the integration of the novel
DNA biosensor approach for a non-destructive determination of fruit quality.
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Project 1: Conformationally restricted PNA: Synthesis and binding properties
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A =

Ao & @ P wa o = A &
lassmsfififaguszasdnandsznminisfafiednmand@nisdudavesfiduezuy (2R4R)-
prolyl-(15,2S)-ACPC-PNA (acpcPNA) (U1 1) Sallufiidwad ldanmiynidinuasnmzdisoiaslanldsy
MIFRUFUBNWITHIINEUNINUNINUERUFUBNNTIIDNNa 196 0L B NIBKLETZUUAINGI
v R o A& Aa a | e A= . A & A= Aa o '
anuFEnTalwnTIudanudiduienaifisuyinnuiiduiaues Nielsen Saiduiidutaninnsldanuacing
ﬂ%amnlumuﬁé‘uLLazmiﬂ‘szqnﬁ‘lﬁﬁm@m 9 lasawizagredalunmaiusiudsznovvasszuuvie
aUNInfNIUNMINTIIRE LA ALLUAYBITN IR UTN T lauaui@aued acpcPNA Inueguietsaciaua
aztfuanuudouss anudwizianzas uasiiansvasmssudanudduetluanwlng wazlinanmsnaaas

[ = |

J U dl v & 1 a dq’ =3 v 3 L a dl 1A =
LI UNLRAI LA ARITNLAULDTZUUAUONINNIZTIUNUALAULD LA A LAI HILRAIRNUAUIIU T2 5N LR i
= a ) A v o A= wa & = A o . o 4o o
LAULETZULD L% MIRaNIUNUALAWLD ladnI1anstaue LLazmimu"Lummimugnmaa [Vilaivan and
Srisuwannaket, 2006] ULauidairwnginaaasluvauaninais s lifdquiuaring lunuidod
=1 U AI o A & dl o v J =1 = = aA & tsld o Qs
AN IIBALAR e NnuInaga Ul uINTL warAnEILUSIULAEUAINNENNIIDVAINLEULE P1 NREGU
LWANLANGIIN WLV 09N TAVDANUALAWLD 1351810 WATNUAIVIIHLAY LazANEITadeN9IlaTIasI9n

FINRADFNLANTIVHAM I UAN B ULANIZVINLDEULDAINATD

acpcPNA
31U 1 lansafavasfidueniduszuuils@nsnanluauisei
o cal ~ Ao Aa = A = A ¢ o A o o

Tanuszasdandizmanisveslasinsidbidansfinmszuufiiduenfineunaintuiignina

A A A AN R ' v 3 a e 1 & [ 6
J2UUu g Nuaninilaan acpecPNA fladnmnlddautraannua lassnuidsazutiseaniiy nssaanes

= wn o R Aa . A o & =2
LRZANBIFNUAIVEAVBY acpcPNA Nid modified base %38 unnatural base LAZNIINITIRILAIICKLASANTN
fNTAIUEavaINLBULaNT modified backbone NuNaNATALLU ezl lusRAdY 15U 3-, 4- W30 6-
membered ring cyclic beta-amino acids lAHANARIITIITNUNLBULETLUUDUANLANNUEAINTIVE A
nudaulaniaa1sidutaiuand19an acpePNA - Ssanai ldgnisdszgndliUslomiluiaguszasdn
LANGAIN
1. MIFILATIZRLALANBENTAIUE A DI acpcPNA
NI Tua I uidun1sFaaNsiuac@n s auuan15905avad acpcPNA SiduszUuNLAULD

g; a { v v & g; ) a a ¥ v 1 { o AI a
andufiameadnlddnmunduszoznamwiiaudnouiunuidetud lapnusunduiuduionis
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FILATIZA acpcPNA AREULLENRaINRAIBNINAY taslRRaNe A uAe 10 Lus LANRAEIUYD
W& AT Wae CG UAN@19N (10mer, 10mer2, 10mer3) WNafnwauansIvBanuadunie LWIsuLfisy
04 6 & dl A o d\v v d‘ ' A & a d‘yd A o 04 v A &
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watdugdauiunsluuuuuau@niaisa (10mert vs 10merd, 10mer2 vs 10mer6, 10mer3 vs 10mers)

LRZWIIILIA (10mer1 vs 10mer5, 10mer2 vs 10mer7, 10mer3 vs 10mer9) vivadnsa L Tw b 1o b
a s 1 A & Qs A = v o a tﬂl s v & s

MIFUAWLBITERININLEWBNUNLDWLEDNGIY SIAULURUAE m/z VB9 acpcPNA NFsaTeslalduaiuaas

A
Tuen3197 1

A13191 1 Sequences and characterization data of PNA used in this study.

SequencelD PNA sequence m/z m/z

(calcd for M-H") (found)
10mer1 GTAGATCACT 3556.7 3555.9
10mer2 GCTACGTCGC 3533.7 3533.9
10mer3 TATGTACTAT 3546.7 3546.9
10mer4 AGTGATCTAC 3556.7 3556.0
10mer5 CATCTAGTGA 3556.7 3556.5
10mer6 GCGACGTAGC 3582.7 3582.6
10mer7 CGATGCAGCG 3582.7 3582.6
10mer8 ATAGTACATA 3564.7 3564.6
10mer9 ATACATGATA 3564.7 3564.5

Gl’li’lx‘l‘ﬁl 2 Orientation of binding between mixed base PNA and DNA

entry PNA T, (antiparallel DNA) (OC) T, (parallel DNA) (°C)
0 mM NacCl 100 mM NaCl 0 mM NacCl 100 mM NaCl
1 10mer1 57.0 53.3 <20 <20
2 10mer2 60.4 54.5 <20 <20
3 10mer3 59.6 54.2 <20 <20
4 10mer4 57.2 52.8 <20 <20
5 10mer5 60.6 56.1 <20 <20
6 10mer6 65.2 60.8 <20 <20
7 10mer7 65.1 59.1 <20 <20
8 10mer8 65.5 61.0 <20 <20
9 10mer9 65.3 59.8 <20 <20

Conditions: 1 JAM PNA, 1 LLM DNA, 10 mM sodium phosphate buffer pH 7.0, 0 or 100 mM NaCl,

heating rate 1.0 °C/min. T, values are accurate within £0.5 °c.

& o o wn o = A= > Ao e o A Ado o
luidasdulddnmaud@nisivdaszniviiduenniauuanduensiuiuiauanddau
wagauin nalufianisuaudnisnsa uazwisias lagldinafia UV melting  lasdaudsfiaziinan
= A o oA, . A o A ¥ o A o A A =
wWisuifisunudadn T, (melting temperature) S93afianuidutufsinude 1 UM 1iasananuudouss

ar J a v v v v [l 1 a 0/ 0/ '
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A = v A= = 2 o A v o A o v o A
alanianuatakianeay Ium‘mmadmm“{lmmv’uu"uwﬂadmaam\mu 2 ANMULYNYUAD 0 e 100 mM

NaCl Nan13NaaaIn el unadnaadluaisnan 2

@15197 3 T, of PNA-RNA hybrids

entry PNA %G-C content T, (antiparallel RNA) (OC) T., (parallel RNA) (OC)

1 10mer1 40 42.3 <20
2 10mer2 70 48.0 32.9
3 10mer3 20 32.6 <20
4 10mer4 40 40.8 N.D
5 10mer5 40 40.9 N.D
6 10mer6 70 49.3 (150) 30.2
7 10mer7 70 51.2 (150) 28.5
8 10mer8 20 39.7 N.D
9 10mer9 20 37.7 N.D

Conditions: 1 LLM PNA, 1 [AM DNA, 10 mM sodium phosphate buffer pH 7.0, 100 mM NaCl, heating
rate 1.0 "C/min. T, values are accurate within 0.5 °C.

NN 2 ﬁ]:LﬁuvLﬁ'j'lﬁLﬁumnnéwﬁuLuaﬁ'éﬁLﬂiﬂ:ﬁ‘i‘fummmﬁu%ﬁuﬁLﬁumﬁﬁﬁwﬁumaﬂ'
sutuldtanslufienononsinisisawinig lagien T, atluin 57.0-65.3 °C i 0 mM NaCl uaz 52.8—
61.0 °C 7 100 mM NaCl sulufiemimssuuuumsisslinwuiniamssuianusnitsRiduanuiiu
1o (ldAams melt Teugaadn T, <20 °C lunnnadl) FadunsBuiuitszuy acpcPNA Smatianstimne
@iaﬁﬂmamﬁuﬁuaLSuLaluLLuuLLauﬁwwrmaﬁgamrﬂunﬂ § fAuILsIaINNagoU

lunmsnaassdaan ladnsianusansalunssutianuaniidue ﬁy'a‘l,ugﬂl,l,uuuauawws%ia oF
WITUIR (@niwﬁ 3) Wuin mﬁuﬁmwi’mﬁLﬁumﬁ'umiﬁmalugmmuLL@%?\WWﬂLsaﬁ@h T, a;ﬂisl,wﬁ'sa
32.6-49.3 °C s'fm"ﬁﬂhnﬁiﬁ'uﬁm:wmﬁLSuLaﬁuﬁLSuLaLLuuLL@%?\WWS’]Lsa"?'iﬂnzl,ﬁmﬁ'ulunnﬂ‘srﬁ (129
T, 52.8-61.0 °C) wananigewuiniiuiafisl %GC content daudsgemansnduiuaniidwalufians
WULWITUTR LS LLiTﬁ]:‘lﬁ’T,maqagnwauﬁﬁmmLaﬁmﬁaﬂn'j'nmuuauawwswmﬁmu (9 entry 2,6 uag 7)
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gﬂﬁ 2 A plot showing relationship between G-C content and stability of PNA-DNA and PNA-RNA
hybrids. Conditions: 1 LLM PNA, 1 LM DNA, 10 mM sodium phosphate buffer pH 7.0, 100 mM NaCl,

heating rate 1.0 °C/min. T, values are accurate within 0.5 °c.

AI =) = 1 a 1 A & v A & A &
WawSeuifisuen T, vaslaanagnuaNiutandnTIaIznieRiBwenufiduwe uaziiiuie
o ¢ & Ao . @ - @ A A a
fuanfiduie Afadmved GC wanandnwznuwmliufihauladiusaslugun 2 nanda lunvdluas
A & o A & ' ' o A SV VI A A o &
AduanuALEwE A1 T, zAaudeasn laslidunusasiuves GC wa luumeidn T, vasfidwanuans
< A & o o o a o A A = & & A & A o oA
LB TUNLFAFINYES GC LUa IuanwueidenuAnuludduauazansiauasssuaa wudatds
o . . { & { o & ' '
dasiuvaigiuy GC Jannfiazlidn 7, Ngedu (JUN 1) dauu anauandizes Tm sznieluanagnuas
A & A & Qs A & 6 & J Q. o Qs dl 1 d‘ A & a '
Ndule-aLdua NURLDWE-2151aWe wAUNUALILE lasNanuuand1sazaniilaniduelgaaiuuad
& 9 A A« Ao, & ' = A
W& AT 310 uazAnuuandiziassulefiduefidasinuasua GC uniu atnalsfions lunnnsd
ANMULATI LIV IuLaqagﬂwauﬁLSuLa-aLSuLm:mﬂﬂ’j']ﬁLSuLa-mﬁSuLaLawa
& A o wad o & o AV a
HANINARRINInNaluuaNTAMIDwananEallan1zawed acpcPNA 2 Uszmsfiliinedinng
Nunwluiiuie visuewaenvastidueriadueg unaufa 1. AnuaansalumsiRendunudiduwiele
a & = a ' A v A= A & e o, A
dni1a1iiduie uaz 2. anaaiissvasluanagnuanszniafilduenufidueliluiudadiusasuad
| 6 s I ] dq/‘l/ o d ' ' Q/ dl dl v Qr
uesdtszney autdadszmsusniiunstsddedinavas acpcPNA 31HnazinanzAuwiineaIny
wWhnanspasnsaudandudiduioninninensiduia 1 5wINkN19671% DNA-based  diagnostics LA
antigene therapeutics aauanUaUszninaasiazidudszlomilunm s lulsidulnsudwivaiaidaag
WUU high throughput tiwlwnnsvinlulasueiss thasanaansnesanuuuiidualnsunans g shaiials
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@ o A

3 (Y ° ' o o P A a & a A v a [
Junvdiwadhwingldnais g dunianiauiu lashluanagnuaaiiiedulanuaioslndifoiu
IJ a o a { Y 1 a v o e g
wazliaunuiauiwsvasdiimaniduihning lasmenguidvlainoiaut@dves acpePNA ldldluns
aImauiuarasfdualugluuy multiplex lunadiFanuss [Boontha et al., 2008]

19199 4. Evidences for the lack of self-hybridization between two complementary PNA sequences

entry PNA pairs %G-C content T (OC) Note
1 10mer1-10mer4 40 <20 antiparallel
2 10mer1-10mer5 40 24.2 parallel
3 10mer2-10mer6 70 <20 antiparallel
4 10mer2-10mer7 70 35.1 parallel
5 10mer3-10mer8 20 <20 antiparallel
6 10mer3-10mer9 20 <20 parallel

Conditions: 1 JAM PNA, 1 LLM DNA, 10 mM sodium phosphate buffer pH 7.0, 100 mM NaCl, heating

rate 1.0 "C/min. T, values are accurate within 0.5 °C.

#ININNNIANHINTIVEANUIZWING acpcPNA AuGLBulauazasiduand? 89lainsdnu
ANUFINTAIWNTIUEANWLEITLHING acpcPNA Fa3an ﬂﬁﬁﬁ'}ﬁmuaﬂamﬁu rluuuurendnisisanas
W13 1138 lasnanisnasastduasuansluasef 4 Souaasldifinin acpcPNA Timunsnifaluiana
anHaNAudwaslufianiLaudniaLag (entries 1, 3, 5) walunsdmndsasinuas GC LUA§Y (entries
2,4) arafialaanagnuaniudiadlufiamanisisald adnglsfian Imaqagnwauﬁnﬁaﬁfuﬁa'jwﬁmw
Laﬁm@”i'lmmfimﬁﬂuﬁ'un'mﬁﬂimaqagﬂNam:ijﬁlﬁul,a-ﬁlﬁw,a wWiawTuadiuta-aLiute N3
acpcPNA "Lmﬁmimaqa@nwauﬁ'uﬁaLadluﬁﬂmauauawwmnaﬁfuLﬂuauﬂ'ﬁmwwxﬁﬂmaﬂﬁﬂmﬁmadﬁ
LSuLa%ﬁ@ﬁﬁﬂﬂizmmﬁaﬁmﬁ)ﬁ,ﬂﬂﬂs:qﬂﬂ%ﬂsﬂwﬂé’[umsaammuﬁt%maaaaa’mLﬁa1ﬁ5uﬁuﬁ
LSuLaLﬂmmﬂﬁlﬂuiw,aqal,mflJLﬂﬁmgﬂ@mm‘nﬁ@ double duplex invasion FovnvztoRal e ansnw
20911390 EaTEniIRIanaN LA WU LLNR g ﬁalumu"?%’ﬂﬁmumﬁﬁﬂ@Umg'u?%'ﬂﬁuﬂ'awmwﬁ
ﬁaﬁwﬁ'ﬂag’mnﬁﬂuudmaaﬂi:fﬁﬂ%mwLm:mwm‘hwazm']mmaé'}é’uma‘uaaﬁﬁmaﬁﬂmﬂmmﬁ
[Lohse et al., 1999] é'fﬁmiﬂizqnmﬁl“ﬁam acpcPNA lusnsnizitazlddnmsdnmeeldluemaa 1uised
\A8170970 acpePNA ludnitlasunisaRuiudrluansans Artificial DNA: PNASXNA [Vilaivan et al.,
2011]

¥ Aa a = A

Tuaneigslianisnetursifadunmelassaisnidntwadeandansdudaniduansamsianne

A @ Ao o Aa ' A & v A = & < v A= Y
2849 acpcPNA Luaaawnﬁavluuma;&aiﬂsaaﬁwa 3 AN INLEBIENUALAWLE, D13La%LE LaZNUNLAWLaAE
L4 I@]Uﬁ’]ﬁr‘f\ia%in:%’hdﬁ’]Lﬁuﬂ’]iﬁﬂ‘h}ﬂﬂi\‘lﬁ%ﬁdﬁﬂﬂd’]’lﬁdﬂ’mﬂmﬂ'ﬁhﬂUI%ﬂ’]iﬁ’]u’lL'LLLL‘UU Molecular
Dynamics (T2WAUNGAITLUES A.0T.FWIE WITRUDITT UAT HA.AT.ATIUNT F32496) wazMI M nAiani

X-ray crystallography (F2UAUNGNITLUDS T6.AT.WAING AILED)

2. NMYFILAT TR LA AN ANTAIUTAVDI acpcPNA 118l modified base
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A @ a @ P v @ X el a A
Walllumsensvauamsbiausasiiauiasia acpcPNA lininsnsdiulddumfanisunud
LWRBITNTIG (A, T, C, G) lunthovasiiduialuluwaidioiuadng fldlbuasssumé laswsi liloua
a . A A ' ' A Py o 2 o add a %
syumdnguiiaulafiod 2 ngu nquusndaluaiaunsnivdenuiwasiwmanidsiia (A, T, ¢, G) ld
' ' o g a . a & A = AA A & a o =
athilddumnzinnzes Sadonipfivesusaws Mdualwiulgfnesusausizllslonilunmdvia
v A & = s o Qs o 1 dl I 10 1 t—‘-ll =S s
nuddwaiihmanefionuiuulsvassraualuonadunis Aldlsdunianaulaszfinm) g9 laoauid
A & A= & w v R @ add a oal v a ) & o
vosginefuraiuaiflmdazdasmanindudanuasywmnaniaoia ldalndidusiulaslduiy
THAVDIUFNNNIGNY uaziuaagdnILAL
AW g P A = A . o« & a A A P
wanldldiwassumangunsasnauladinsfenduaywusvasgiada (U)  Alnununuu
dunibsfl 5 vasmijiuadisnyiaiTuiiaansauaassy L suanInGasuas Tefivesluanamaiiida
. A @ o s oA A A ' 2K a
susnldganniFesusdn W ludwmisdunveniniionndudaevasluana soiasiidslomilunms
Hulwsudmiunsasiadnauiuavasilaualasuwifalna 9 15w quencher-free  molecular  beacon

[Englund and Appella, 2005] Lwein

2.1 Hypoxanthine as a modified base
a & o AV ok A a . A 2 A 2 o
pinasugaiuadwinilddnefalaluumuiin (hypoxanthine, H) (3UN 3) Talnsdnsiiuun
luszuu229618%La [Sun and Lee, 2010; Case-Green and Southern, 1994] WaiLBULAFULLLVEI

Nielsen lagluszuuniduLaaa Nielsen wm‘wLuamﬁ@ﬁuamawﬁa"uaagﬁna’jfl,l,eﬁmuaﬁvlﬂﬁﬁfﬂ Na2Ae

A A

Wadl A lwuatnafes H szuaasantianssudendidufiasnuiug C (adeua G) ualled T 1luiua

[

o a ) wn o R Ao o Y A e AAd . a

aded H nauuaasrutanmsduiandumsianzaanuiug A (@fowwa T) laslunsdinasiizainiaann

Hoogsteen base pairing #31lU4NTHLINILAIEAL Watson-Crick base pairing 8619157014 ANULANGATS
P

284 T, lunydinifanidudaldange Aunsdinudfgadanldninin (aglusis 6.5-14 °C) [Timar et al.
1999]

H 0
ﬁN O ~°~ H-N N >—\\
N O - H-N
NﬁN—H N )N r Y, N
drR N= \:N drR N N—-H --- (e) \dR
R =
H-A H-T
H H,N
FN O --- H-N o y N—N dR
>—\/ _N R N
N—( N-H --- N/ A ( 7
/ —
dR =/ >/._N dRN N-H --- O N
0 R N=
H-C H-G

3Un 3 wgeIM AL Aagiuaszning H AU natural nucleobases

a v H v a a & v
Twnuidpitlanesssdszsliuanumusalunndugfiviasuaaiuavas H 1u acpcPNA d9an1ald

' A & ) a [ s &a [y '
G99 INABUETZ LY Nielsen laniTnannisgaaed H luluwaifgnunilasdaony Fmoe ana
wenpuFaMzdlaldusuiinlulunasainnisunuiing Infiaalu trans-4-tosyloxy-D-proline 1wy
Unilasaziiluidu Boc uazwyjinilasarivendaiiu diphenyimethyl ester dasiualaldusuiiulasasalal
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UszauaNNEISe warITaFaTzA Nl asaINaINaTAIFUaILAuINwla lass1u 6-chloropurine
monomer dudaunITnlalasidmiaifuungaaalsldidunylansanda [Baker and Tanna, 1965] @4
uaaslugLn 4

Cl Cl
(0]
N BN N BN
N N
. O 7 ) (0] 4
DpmO ~OTs 6-chloropurine ¢ J|\ _ TFA anisole ¢ f;
DpmO NTON ~ HO NTON
N K,COs, DMF, 70 °c °PM
Boc N HN
Bod TFA
O
O
N o N NH
aq HCl, reflux NH FmocOSu |
] &l ) N N/)
N~>n7  agqNaHCOj MeCN HO
HO N
HN Fmoa
HCI

37 4 unumuuaasnssaezdlulweveslaluuauiivus (H)

1.25

1.20

1.15

260

1.10

Normalized A

1.05

1.00

20 30 40 50 60 70 80 90

T(C)
gﬂﬁ 5 ugAd melting curve 289 aU3aTzWIIREUE T,HT, uasiiua dA,YA, 1ie H dalaluwouiin
uaz Y s A, T, C in G
IuLﬁaoﬁuvl,ﬁﬂmaa‘ﬂi:Lﬁumwummmf’uaﬂﬂﬂLLﬂﬁuﬁulumsLﬂugﬁnaimmuaﬁm%’u
acpcPNA lapmisdateseiiiwenddeuiwsin T,HT, lagldimisuesrzifiiuelasss Fmoc-

sPPs Tasande Fmoc/Pip monomer anufilaiassnssuliuda [Vilaivan and Srisuwannaket, 2006] 131
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wilurunlaws H azlflalwneiluzundunaaniuanddn Alun1Inszduais HATUDIEA ununsld
{ v o v a Qg a
Fmoc/Pfp luluiuas Mduiaf ldauniniliuigntlas HPLC aaiTnIunasgiu (m/z calcd: 3189.43

o

found: 3190.87) WAN1IMIEAN T, vasluanagnuanszitiilduadananudilduenlsauiaiy
AYA, 1o Y=A T, Cusz G L‘ﬂuﬁmgﬂugﬂﬁ 5

iaya’lugﬂﬁ 5 usavinualaliusuinlidaudfiduginafusaiual acpcPNA udnduuAa
suUAAA NSNS G wiaziiiusdnafsadn T Aenw ﬂa’ﬂﬁammsnLﬁﬂimaqagnwauﬁﬁau%aLaﬁmﬁ'u
aLSuLaiuﬂiniﬁmaﬁag}maﬂﬁwmﬂu C (T, =64.1°C) %ﬂnﬁlﬁmﬁ'ulunsnimaﬂmaqagﬂwauﬁLﬁ@]mnﬁ
Bute T,GT, uaz@Ldua dA,CA, (T, = 64.2 'C) Lwil,ﬁamaﬁaglimﬁwmﬂu A, T wia G 9:le1 T, aa
fasandaudnenn lasawizagsiaiiowaasedaniu 6 S‘f}aﬁmmm:ﬂ:ga lagen T, ﬁam’imamag}'
Twnueilndidsenulunsdifiiu single base mismatch anudndfia AT, ~ 25-30 °C Teauiiaiiuandns
AMNALDBLOABUULVES Nielsen 8819TALIH

winamineaasazliduauiionaly uan1sfitua H saunsausassutaaioniuilwus 6 Alla
Tomaldmaunsoldunwus H unwiug G 1w acpePNA 'lé Sedafuaaus H daluluuaimunsndiniey
I&ironinlaluwesvesiug G wn 158991N regioselectivity maomnmuﬁﬁawﬁwgo wae lisudasdl
wyjdnilas Snrslumssaaeimiswassmansaunsnluluwe A dws H WU degefidszansnm

snnnluluwnesuaanus G a819lsAany iaLwnTEURIWINUF | S1NNsawnuiug G lalunsdingiau

aa

wadould lesawzegrsBaliefivadradoadumanilails T 39ldFaneA acpcPNA 8n 4 sfiafiil
' ' ' ' o o o A o & & o o A o A =2 Aa
W H unsnagszwivgiuadng au lasdduwaidnansdziduiaudoriuildlunsdnsaan

Aawntniluszuufiduievad Nielsen wannAaslaasiazi acopcPNA 80 2 Thafiliug G unud

o

o ' d' = = v & o A & a ' = ' o o v
ALAWIVDILUR H LWaL‘]JiUUL'YlEJ'Uﬂ']i‘ﬂ'UU@ﬂU@LauLaﬂLﬂ%ﬂﬁMLLﬂvaNLﬂuﬂﬁNﬂu@]jﬂ I@UVL@IEJ%U%

'
A

lassasvesfiiduandnuaigaanelaaiumnaiia MALDI-TOF mass spectrometry a9ULaadluanT19 5

o

A o o o A P v
M1319N 5 Ta%laa']@ﬂLUﬁLLaz m/z VaINLB BN \TLﬂﬁ']zﬁwL@

sequence m/z (calcd) m/z (found)
Ac-CCTTTITCATC-LysNH, 3803.11 3801.05
Ac-CCTTAIACATC-LysNH, 3821.14 3820.08
Ac-CCTTCICCATC-LysNH, 3773.09 3772.52
Ac-CCTTGIGCATC-LysNH, 3853.14 3853.91
Ac-CCTTTGTCATC-LysNH, 3818.13 3816.70
Ac-CCTTAGACATC-LysNH, 3836.16 3836.96

HANIa32970d1 7, nudidwenisauiusdugan uazliidugauiulasdfouulanani:

o o A =

funisuaauan U@;ﬂULUﬁ H % G ‘ﬂmaﬂmammﬂué’mamlugﬂﬁ 6



@ 6 i a a @ 6
ANBINURVURNLI lassmstiay 1 (iﬂ.@]i.ﬁiﬂi‘ﬂﬁ ’Jvl,ﬂ’.]ﬂﬂ) 1.9

pCCTUIHTCATC-dGATGAYAAAGG pPCCTTAHACATC-dGATGIYTAAGG

Tm (oC)
oBEs55338

pCCTICHCCATC-dGATGGYCAAGG pCCTIGHGCGTC-dGATGCYCAAGG

700 0.0

60.0 60.0

T (oC)
-2B852

=5

~500
Sa00
E 300 .
=200
m===1l
0.0
¥Y=c Y=T Y=G

Y=A v=c Y=T Y=6 Y=A

317 6 1WSpuifisudn T, 289 PNA-DNA duplex ifliua | \uasdiilsznay; T, measured at 1.0 uM duplex
concentration, 10 mM sodium phosphate buffer pH 7.0, 100 mM NaCl, heaing rate 1 °C/min
HamInasadluzlf 6 usaaldiAuinus H Neguuiidwasmanindugnuiug C uudLaue ba
fniuaadu (G, C uaz A) litezfiiwsdnadoaus H uezlsiann laslawsdnafoaiu A via T
A ' . ' o A oA ) a = A A
alianuuandad T, ninedue HC Augabwunnniudawadnafsnidn C Wis G uszlile
= =1 Qs = d‘d o Q. = a k2 1 dl < =3 ' A & a
WisuiAsunuiidweniseuiwsinionns uudidouan H 1w 6 awduiiug H Iufidued
° ' L oA [ A A = a o A &
ANNINNIIANZNGR C iBwAsAUIE G ndsems QU 7) uasilianlIsuiisunuszuuiiinesas

Nielsen NAAUIURLALIAUNUTY T, U89 acpcPNA MU H 8gasinaimeazlanginl uazuand

anuduwzzadals C Adauniimn (f AT, lugnnad > 20 °c lafisunuszuufidwaved

Nielsen 18 AT, g3gaLiNed 10.8 °C) (113197 6)

80.0

70.0

60.0 1

50.0 1

O pAHA
B pAGA

40.0 1

Tm (0C)

30.0 1

20.0 1

10.0 T

0.0 -

dTCT dTTT dTGT dTAT

pCCTTAXACATC + dGATGTIYTAAGG (X = H,G; Y = C,T,G,A)
(@)
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80.0

70.0

60.0 T

50.0 1

OpTHT
BpTGT

40.0 1

Tm (oC)

30.0 1

20.0 1

10.0 1

0.0 -
dACA dATA dAGA dAAA

pCCTTIXTCATC + dGATGAYAAAGG (X = H,G, Y = C,T,G,A)
(b)

3UN 7 wWisuiipuda T, 289 PNA-DNA duplex Nifiiua H 1lluasddszney nunfiiug G 1luasddszney
Walliwatnadod H 1w A (a) waztlofiusdnafes H w T (b); T, measured at 1.0 pM duplex

concentration, 10 mM Sodium phosphate buffer pH 7.0, 100 mM NaCl, heating rate °C /min

M990 6 Wisuifisudn T, w89 PNADNA duplex ffwa H (Tuasddsznavlufiiduiesasviiado

acpcPNA 183nauiRI9t uaz aegPNA 2a4 Nielsen

PNA (N—C) DNA T (acpcPNA)a T (aegPNA)b
(AT,, °C)’ (AT,, °C)’
CCTTAHACATC .TCT.. 71.2 (0) 45.3 (0)
LTTT.. 43.5 (27.7) 34.5 (10.8)
.TGT.. 43.6 (27.6) 38.0 (7.3)
.TAT.. 49.4 (21.8) 36.9 (8.4)
CCTTTHTCATC .ACA.. 67.1 (0) 45.7 (0)
.ATA.. 42.4 (24.7) 38.2 (7.5)
.AGA.. 32.7 (34.4) 41.0 (4.7)
LAAA.. 38.9 (28.2) 52.2 (—6.5)

: T, measured at 1.0 uM duplex concentration, 10 mM Sodium phosphate buffer pH 7.0, 100 mM NaCl

° T., data from [Timar et al. 1999] measured under the same contitions

¢ ATm =T, (HC) - T, (HX), when X is the base under consideration
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Lﬂuﬁmﬂimmeﬂaﬁmﬁﬂ'ma G-C afiis 3 wuszlalasian lumm:ﬁ@;ma H-C & ldiies 2
wuszlalanauudanuudusivasgiu H-C lu acpcPNA naudautnalndifins wiageiniigius G-C ag
dndaseRansananer T, wisuiisuiuwluudaznsdl Sadungdnssufuandraannisaiiuwanasi
LAuLaT89 Nielsen Lﬂuﬁmé'am@m@;ma G-C lu acpePNA fianuiatissdaoningius AT 13U It
ordulyldinluszuy acpePNA gius G-C "I,xi"l,@'w”ag'luﬂauwaﬁwﬁ‘uﬁmmzau'ﬁa:Lﬁ@ﬁuﬁ:vlaimmuvlﬁ
ATUNITUNUTS %aﬁﬂﬁmwmaﬁmmaa@ma G-C dnfinsandy msﬁuwuh@;ma H-C Wh&ainnal
wisslnfAsenugiug G-C wuraanRasturuNGzIugadY atelsionn msaunsdningnsaiaanan
Ius:ﬁuiuLaqm‘mﬂuﬁaaﬁmimaaaLﬁmLauﬁ'aﬂﬁﬁagaLﬁmﬁ'ﬁﬂﬂsaa%’mmuﬁamaamsﬂszﬂam%aeﬁau
PN WLOUAZALAME LT NMR %3 X-ray crystallography %%amﬂ"ﬁl,t,uuﬁmaﬂwLaqaﬂizﬂaums
AUWITININT 1) LL@iaﬂ'Nﬁayﬁq@ mafunsilldauonusinmansounuiiug G Tu acpcPNA dasius H
lelaslifinansznuse specificity lunsaadnua C ezt NANULEE 3189 PNA-DNA duplex
wuflzaaanuafivsdafinulunsdizas DNADNA  duplex  @sfiadfianwddnatnibsdaniai
acpcPNA lultlszendlduszlomiludiuenag (91”';ﬂm@q\wa‘?iﬂa'n"l,ﬂLL&J"i‘TN@TWiWI;JIuLua%mL‘ua H 813130
FenzAlaienilalwweiues 6 wazmansaunsnn llussvssfidueldioniannlagis
Fuanziuuigmeavaands wananil dumsfi 6 lwusiil oxidation potential dnTNURFIINY TuFs
ganInsuBianasanldd [Kawai et al., 2002] ¥ldduinassuniums assay AldMduadulnsuluuie
wadte laawizednade fluorescence 1lasan G swsarhliiAams quench vasngaalinefiiu
dFunannEuna’ln photoexcited oxidative charge transfer [Mayer et al., 2004] wonanil maunudl 6
¢8| g9laldlunnsvin electrochemical detection w83 DNA hybridization I@Umﬁ'ﬂmig}mﬂ oxidation
signal 189 guanine @aidadiafalniniiltazdaslil 6 uesdusznanifiasnalidy o
331930 [Wang et al, 1995] uasunsananaeslddonsunuil G lulwsudas H [Wang et al, 1998]
lasginsanunIndnm specificity 13 ldinilanid
@15197 7 Winfiwuen T, 289 PNA-DNA duplex Afiug H uaz G 1iluasdsznay @auiusuasiiiu
10fia N-AATTTXCATCA-C Uazfaulusuadalduiona 5-TGATGYAAATT-3'

Y in DNA T, (X=G)° T, (X=1)°
(AT, °cy’ (AT, °cy’
C 71.7 (0) 74.9 (0)
T 55.6 (16.1) 53.0 (21.9)
G 46.8 (24.9) 49.1 (25.8)
A 41.1 (30.6) 49.9 (25.0)

: T, measured at 1.0 uM duplex concentration, 10 mM Sodium phosphate buffer pH 7.0, 100 mM NaCl
° ATm =T, (I'C) = T, (I'X), when X is the base under consideration

@

gavhoaldunsBududnduinnsunuiie G e H luszuy acpcPNA azananInldlanag

1l Taglddraagiamzudlunydinaseudrsdu 39ldnansidaasnz acpcPNA a1ue1a 11 1w Nilwa
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° ' o A A . . o o
G uaz H ﬁmmeLaMﬂuaﬂﬂ‘mm GRS biologically relevance sequence NAaN1IAI1310A T, AILRA
luan199 7 sunsadugunmsaunuludnedu nannfanisunui G dre H MlAldnduefianunsaia
A A a L o A= [y o a I ' A ' A A
lavSefiatosdunudiduiaiinune uazdiaedl specificity dalua C tnitaninuadug lagianizagneis
{ { . 2 o a . o [N @ o (%
WadSouaulunsdii mismatch Lwanilu T F98naziia wobble pair NULLE G baAaudn@ vinlw G-T
mismatch &fi1 T,, 8Ad1a4n1 G-C perfect match #ounigiusdn uallounuidioiug H wuin H-T
. . [ 2o

mismatch JAMULENLIAARINI1 G-T mismatch UsznaunuaNulal g sNANTBVad H-C perfect match
° v, d { oo & < { o ° o

Ml 7, Mufonudasliifinldtaawunnds sufonsunuilug G dolug H azvinldaunsnuen

1 a U QI J 1 ﬂlo 0/ 1 1 U = { a
ANMULANGIIVAILUR T NULLR C baaDan mumuﬁmaaaQszmwammﬁwwuauuuwmmLﬁaawuﬁ

2.2 Hybridization of PNA with fluorescent-modified DNA

naju"?%’umaa Prof. Hans-Achim Wagenknecht (University of Regensburg, Germany) lawaua
LAULALIDILEIRYI? (White light emitting DNA, WED) ﬁﬁﬂ@ﬂﬂiiﬂﬁaﬁ]d“ﬁﬁﬂﬁuﬁ ethynylpyrene Lag
ethynyl Nile red @iﬂﬁ'ﬂﬁﬂmmaag‘%auﬁagaﬂﬁ'ﬂuéwé’ummmaal,ﬁma (gﬂ“?'i 8) uay lauzaslAiAuinng
\Aia energy transfer =uawlgaakﬂai{ﬁaaaaanﬂ’ﬁlUuu,ﬂaavlﬂm'mamu:n'ﬁvlau‘%vl,wﬁmaoﬁLSuLa [Varghese
and Wagenknecht, 2009] ﬂiﬂ"]’aﬁaluamwﬁﬂummam 9211@ energy transfer 31N pyrene 1159 Nile red
¥lfiile excite 71 A, 189 pyrene (~380 nm) aztAnan1znIl5ous9289 Nile red (A, ~665 nm)
fIRzaN8V09 ssDNA F9i3avuaatduiuad LL@iLﬁaaLSuLaa;ﬂiluamwﬁLﬂu double helix w;‘qjaaiswas{ﬁaaaa
'«ngﬂﬁaﬁulﬁﬁ@aaﬂmnﬁ'mﬁaamﬂgﬂﬂ'aﬁuﬁayIﬂNﬁ%’Nﬁ@iawﬁN rigid 289 DNA double helix N13t7ia

energy transfer 39 lu@AvnluaA IwaBLAE A91UNNT excite i A, V84 pyrene (~380 nm) =¥ LA LA

M3304URINIVRY pyrene (A, ~440 nm) Uaz Nile red (A, ~665 nm) FaiAwdunsFosuasdnnn

= o =z o)
Y, O. N NH 0. N NH
T NPT
o o
0 o
au” § qu™ §

gﬂﬁ 8 KanMINNuVad White light emitting DNA (WED) waelATIaIIV09 ethynylpyrene modified dU

wae ethynyl Nile red modified dU



Menuaduauysol lasansdes 1 (se.asSagns ladad)

nwdsiiiandsmdifenaseuanumaninlunslauiladezning WED DNA il acpcPNA 71
o @ \ @ wn A ) { a £ 0o @
Ssauiuag U WaAN I ENTALTILEIVDI PNA-DNA hybrid NLAiadin lag@auiuaueididuoLaziian

9 oo o P s & a o A A o 2 wa A ' v & o I
LQWITLﬂu@JLLﬁ(ﬂGI%EﬂW 9 mﬂﬁ]ﬁLﬂu"q@L@U?ﬂuﬂqﬂumﬂ;&ﬂﬂqsﬂﬂﬂqﬁuu@]LﬁﬂLLﬁUNqﬂﬂu“uquLLﬂj I@EIL?J%

Nuwinvinneldanusindeny Prof. Wagenkn

echt
Py Nr
FAG T CACAGIUAUG A CT GACGS
PyNrGss/ds 5 T-C-A-G-T-G-T-C-A-A-C-T-G-A-C-T-G-C &
Py Nr
3 A-G-T-C-A-C-A-G-dU-dU-G-A-C-T-G-A-C-G &
PyNrGdsP T-G-T-C-A—A-C-T-G-A-C-T
Py Nr
FATGTT G A C ATAdUdUA-A-C T G AC G 5
PyNrAss/ds § T-C-A-G-T-G-T-T-A-A-T-T-G-A-C-T-G-C 3
Py Nr
3 A-G-T-C-A-C-A-A-dU-dU-A-A-C-T-G-A-C-G 5
PyNrAdsP T-G-T-T-A—A-T-T-G-A-C-T
317 9 Mauiuavasiidwauazdiduenllunuidoi
1.05 T T !
PyNrAdsP
PyNrGdsP :
----- PyNrAdsP (unmodified) :
100 ] PYyNrAdsP (unmodified) ,,,,,,,,,
57.5 °C
<§ 0.95 3
g c | e—— g5.40C
g -.?‘\\ )
£ oo /5 TTs10°cC
0.85
0.80 | | | | \ |

T(C
gﬂﬁ 10 T,, curves 283 PNA-DNA hybrid (modified

concentration, 10 mM sodium phosphate buffer pH

90

)

vs unmodified); T,, measured at 2.5 yM duplex

7.0, 250 mM NacCl, heaing rate 0.7 °C /min
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Twfasduldnageuanumusalumaialarsaswinefi duanuifuefirumsaulasdas
Wasalinaslasmadia UV melting FawunAdwemusaialovsafiafosnudiue lduiinesldman
LeRfanueguiiss 12 wa it Tagwuin T U843 PNA-DNA hybrid ﬁmumiéf@uﬂaaﬁaﬂWgaaIiWﬁ
9261N31289 PNA-DNA hybrid ﬁvl,ajvl,ﬁmumié’@LLﬂaoaijaawms (gﬂ“?i 7) Warlsauiisuiuszninge
T,, 189 PNA-DNA hybrid eT’aUﬁuLaaa:Lﬁud'\"Lau%ﬁﬁgiLua AT agll"’umuﬁnvxlgaak%la%ﬁzoaaaa:mﬁm
ﬂ'h"lﬁu‘%mﬁﬁ@;ma G-C luagduniaduaniu mnﬁf’uﬁﬂﬁi’amnﬁwﬂgaanmmuﬁmaaﬁLSuLammﬁmuaz

PNA-DNA hybrid Lu/3uLfisuiis DNA-DNA hybrid Tayafilduaasatluziuas FRET ratio Saiiludasadan

321319 emission ﬁ?xmax 284 Nile red (lgs) @8 pyrene (L) LAUANRVNINITUAAITINNTLAA energy
transfer AUszaMEAwannnidusufifientas (13199 8 LLa:Eﬂ‘ﬁl 8)

ﬁagaslmmwﬁ 8 meiﬂuﬂitﬁﬁﬂu single strand DNA 3zL1i@ energy transfer 32%319 pyrene
uaz Nile red 1a@ lasfa1sanldanaaTIdIw los/luo ﬁﬁmga (14.2-30.4) usiilaifiailu DNA-DNA
hybrid §2taufiazanadagnsunnindatites 5.8-6.0 saulunsdluas PNADNA hybrid AWLNN3aA8ITE
loss/laso IHNBBILREITH UAAMULANGSVEITATIEING TT9finaninlunsdlvesdifuie (2.7-6.6) 4
ﬁnvl,ﬂ;jamagﬂudwmmﬁ@mﬂmiﬁ@jqua G-Cc vhldiAansda (twist angle) nnnigiua AT uag
aansnilgdeduiedvinlagiue 6-¢ lufiiduia P1 Sslianuaiismiasniiga AT adrslsfiana
sundgmidisensfigaianmstnunlasiaiislumuiidues PNADNA hybrid da'ly wasmulugond
ufunuddeflddnslasezidoaiouiu Ms. Sabrina Sezi inAnw1LFyaanann Karlsruhe Institute

of Technology UssinaitaTaiulasunInausulaAuwua21un3a1T ChemistryOpen [Sezi, 2012]

dl = = 1 a a & ‘:‘ a a
M1391N 8 LFBuLNauAT T, WAENNILNG energy transfer 1‘%@1LE]‘H:LEIE‘T’]UL@]U’JLLRﬂE‘IUS@‘IJE]G&J%

Sample T.° logs/lazo
PyNrGss - 14.2
PyNrGds 62.1 6.0
PyNrGds (PNA) 57.5 2.7
PyNrAss - 30.4
PyNrAds 58.3 5.8
PyNrAds (PNA) 81.0 6.6

°All measurements were carried out at 2.5 MM modified DNA and 3.0 uM DNA/PNA in 10 mM sodium
phosphate buffer pH 7.0, 250 mM NaCl

® A, 380 nm, 20 °C
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PyNrG subset PyNrA subset
6.00e+6 T T 6.00e+6 1 T
PyNrGss PyNrAss
5.00e+6 - PyNrGds 5.00e+6 - PyNrAds = f------d--- —
PyNrGdsP PyNrAdsP \
4.00e+6 | 4.00e+6 R / g
3.00e+6 [ 3.00e+6 e / .
2.00e+6 [ \ 2.00e+6 e / ;\ &
1.00e+6 |- r/\\\\; 1.00e+6  — A \\*‘
—m— :
000 F 000 T .
-1.00e+6 -1.00e+6 : i
400 450 500 550 600 650 700 750 400 450 500 550 600 650 700 750
Wavelength (nm) Wavelength (nm)

Eﬂ‘ﬁ 10 Fluorescence spectra Ua4J pyrene/Nile red modified DNA (left: PyNrG, right PyNrA) wazlavsa

PpINWNL DNA ez PNA; measured at 2.5 MM duplex concentration, 10 mM sodium phosphate buffer

pH 7.0, 250 mM NaCl, A, 380 nm, 20 °C

2.3 Synthesis and Hybridization of PNA containing fluorescent-modified uracil base
wihmiguenziRilduendaamniFesussazlamuuudilunguuefide udnsfaanind
= & o 1 A o e o 1% A o & &
wofnsanninueazniziriumafienuszie ludnmoduladunisvasluana asuungaalineiis
' A A a o A ' cda ' o o ' =
agvslnannuTmiifawuszlalaniaunions stack vasgiva Waealinaindaagluansmzaind1ad
A ¢ a | & AV . [ A A o A o o
fuselomiifosudidu reporter f1lal sensitive nunsiialavslawwsu Favnnaziihluldlunsasiatans
amstavsladnudiduaiihnansazdasinsuenidueniianmslauslateananibiionslauslas
fiat LT l@eande ion exchange capture [Korkaew and Vilaivan, 2008] 349z&131350071910L¢ v38
faztuazdasondunaiaiiandn 1w molecular beacon ﬁa:ﬁﬂﬁmsﬁaaLLm"naanaaIsWaﬁwm@hJﬁu
lugnmwnauuaznasmstia lausa [Marras, 2008]
Y o o @ v a 1 n‘lyd A o &a g 6 Aa Aa v
nndadrnatadu nuddsluduiiddiiandszasdnazdaa i acpcPNA Afiluafidaasindas
Waaalied lasfaundgiuitnmifiingealiedagfanugiuminazililaniduiaiiasuaanaann
WasnuUaIanianT3e9uad (ANNY, ANNBNIARY, fluorescence life time) @aau&NIzaaINIsAa
A o A & & A a A ' A A o N o =8 o
lauFlawdu Siorndulujlvasgaslsnetoiiodiod wiannniwirsiianmoldumfeadioafaiy
WED fldiaualuiada 2.2 lasluidasduldifeniuafiagisda uazWgaalinasfe pyrene 49833013
(% € o o o A a =2 o ' v A o a
fuanzddudoutoniga uaziinsanmiuandendradudiluszuuvasfiduie [Mayer et al., 2004;
Wanninger-Weiss, 2008] (Juszuudmiunasen luanavaslulumasnidwihwinodudusaslugun
1
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U monomer U”Y monomer
3U7 11 la3sa319289 pyrene-modified acpcPNA luluinad

€Y N TN AN UN LTl TRILATIZAALE LD

J v v Q/
ludasduleweneusaansvluluuad U
Tulwwas [Mayer et al., 2004] lasSuduain protected iodouracil PNA monomer ﬁ’]ﬂﬁﬁ%m Sonogashira
coupling N 2-ethynylpyrene Meldn11zan@33 1M SINIIDUENKAAN I NidaINT1TeaNN l6 IS
HaNG® 88% uazananInilfuuwnijinilosaziiluain Boc i Fmoc ldlaslfiimadonululuimatang
P = v ] A A & £ P kg o o ' [ 4 a ) a a
fasfnmuudy uddyminudalusuaeugariefivzdasiianjinilasanivenda (lofifawdiaies
wad) sanmuldniiznia wuihmldnzanasgunlinselawgeslsezd@nfianududusdng g it
9zl carbocation scavenger (lufifil7 triethyisilane) atjdpwia lifinwazinldiianstaaslaidu aynus
e Aa o o P o o ' [ =2 A 1
v83furanopyrimidine Nfilassainsasuaatlugdf 12 lassauasnanldannisdnmnlasinaiia 'H uas
13 A “ . a i ) - . . i a
C NMR lagaainaanusiadnaniiaannnInisunin pyrene 018 stabilize vinyl cation Afaanns
i ' o . . A . . ¥ o aaa I 4 a a
ldslawuanguanlattszniianiavi acidolysis @4 vinyl cation #azvifiTuseny 0" va3nL3%a i
nmitannwieunumsgyiFoniinulodaly Tegtudslbdmansnundymdld 3sdsliamuadianzi

CCPy VLvo = v " = a o ¢ o a 2V oa
ARILIIAINADINIT LL@]QEJ']\'IVL'iﬂ@nN Nﬂ@]ﬂm"l/l"ll']ﬂlaﬂﬂﬁ‘l’lvl@]ﬂa

ethynylpyrene Taluwinas U
furopyrimidine wuAaNNnanlafiasnTuzanTaEeduale uaziisneawin furanopyrimidine #3130
Wiagiwany G ldudazlidaniafivninfiony [Lahoud et al. 2008; Woo et al 1996]
o [ [ A & ¢ Py aa ~ ' o o ' a
dmiumiguenziiiawaluluwed U” Afumulniudaasaiudunis 5 vasgisdamann
ﬁﬂ@ﬂ@mlﬁ'ﬂﬁﬁ%m Suzuki-Miyura cross coupling 3¢%314 iodouracil monomer nu pyrene 1-boronic acid
\@pnumIFsaTzRadutaluluiuas [Amann and Wagenknecht, 2002] asuaadluzif 13 anuuisld
o {N o o | P a ' [

NANBIRILATIZ acpcPNA Nildrautuadn T,U7'T, (PNA1) lagdTnisanasgrwgudsinuiiaualuly
WosUnd WduaNleuansdn mz (MALDI-TOF) Ti8aanadnunaansindasns (M-H caled. m/z
3365.6, found 3366.8) KamInagaUMIlaLTladnufiduenfidiauiumiu dAxA, udiuaasluzun
14 \aRanaone T, lunsdifl X = A (complementary) ugaal#iAuiin1s modify duwibsil 5 2981330
[ ° 1Y = ' P o ] a [
e pyrene azlanuudussvasgius U -A daoniigius T-A Un (T, pTedA, ~ 73 °C maldniz
W) LHa9ananBnTwazas steric effect 2a3%y pyrene T9TUNIUALNNILAA PNA-DNA duplex ati19ls
= S = ' A = a o Y Py & o wn A
Ao tufsndudinnisiws Pyu luiidwefrumsaaudases U Tuluimasiuaasautanisiien

° v . a o A A o = o . . . . Aa
AATUANZAVLUE A LwLAeInUILE T %38 U anwdnd ouaziiuldain sigmoidal melting transition 713
T, ~ 60 °C amzlunydin X = A udille X (Juiuaduaz ldiAunsiia melting uaasinlaiifianslausa
dl & 0 a dl o 1 A = wa = A & dl 1 s v
Waaldidugauin munzrdalufansfinmaud@nisiFesusizesfiiduafidiunmidaudadiiug

Py & A a A Aa = Aao o & ' = . o
U ﬂﬂiuﬁﬂ’]WﬂLﬂuﬁ’]ﬂL@]U? LLE‘]':LNQU@LauLa‘nﬁJa'\@‘ULUaLﬂug}ﬁNLLﬂZVLNLUuQﬁNﬂu
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1-ethynylpyrene 1) p-TsOH, MeCN

10 mol% Pd(Ph3P),Cl,,
20 mol% Cul

2) FmocCl, DIEA

meo)%’ T

Boc Et3N, MeCN, rt
(88%)
o) o)

0 = 50% TFA in DCM, Et;SiH o) “
N._N, NN
meok(j’ Y B2 HO)KO’ N
N o] N o)

Fmoc Fmoc
(86%) (73%)

317 12 ununssae iR Bweluluwes U™

. )
© (0]
It %\f pyrene-1-boronic acid (0] =
N N.
meO)KO’ \n/
N (¢}

H,NCH,CH,0H

B N N<
Z 2 mol% Pd(PhsP), DpmO Bz (20% in DMF)
) EtsN, DME, 80 °C N o
Boc L Boc _
O“O (not isolated) O“O
o] A O o A0
N NH l) p-TsOH, MeCN N NH
meojk(j’ \ﬂ/ DpmO \n/
/N e} 2) FmocCl, DIEA /N 0
Boc Fmoc
(32% from 2) (86%)

50% TFA/DCM, Et3SiH

(0]
(0]
N NH
HO)KO/ g
/N (o]
Fmoc

31 13 midnanedifdualuluwes u”



@ 6 i a a @ 6
SWUG'IHQ‘U‘]JE‘TNH?RL Iﬂidﬂ’]iﬂaﬂ 1 (iﬂ.@ﬁ.ﬁiﬂq‘ﬂﬁ ’JVLQ”JNF_I) 1.18

1.05

1.00

0.95

260

0.90

Normalized A

0.85

0.80

o T N N R N
20 30 40 50 60 70 80 90
T(C)
gﬂﬁ 14 T, curves 283 PNA-DNA hybrid (pT,PyUT, vs dA,XA,; X = A, T,C,G); T,, measured at 2.5 uM
duplex concentration, 10 mM sodium phosphate buffer pH 7.0, 250 mM NaCl, heating rate 0.7 °C/min.

PN ' A =2 . L~ v A& A A
OW%WVL@I‘YH(?"IEl&ﬂﬂaﬂqiﬂﬂ‘]ﬂ"]ﬁllﬂﬂﬂ’]iﬁlﬂU@]ﬂﬂ(ﬂLE]“H;LE] LLRSRUUANTIILIDILLRIVDINLDULDNHIUNIT

'
ad o o

o o Py dao o A L & A = a A Aa =
dautasmisiug U ARseuiuainannnasuniwnilugnmwiilduan o) waziilalfdiduianisne

f ' f @ P e & { & o @
mmﬂu@ammﬂmﬂugamu U""-modified acpcPNA uaz@itauialflunsfnsmanueiisiduiaaosgy
Iugﬂ'ﬁ 15 Im\‘iaﬁ"’m‘uaaﬁLSuLannﬁ’sﬁﬁf\iLﬂﬁ:ﬂﬁ%’ﬂﬂﬁﬁgaﬁmmimmﬂﬁﬂ MALDI-TOF  mass

a s : 4 Ao o & Py. v oA da o o
spectrometry Nan1INasaUMTLlaus lagsening PNA1 Gsfldrauiuaidu T,U7 T, nudidwenisauius
& 1 ' P ° v ° '
1 dAXA, waadliiAnitiug U 1 acpcPNA aansnandiua A ludiduie ldaensdnmizianzad ua
' P 1 ] a o

ANWLTILTITasgiuE U A azdaeniigiua T-A Un@ (T, pTedAg ~ 73 °C LBUAL T,, PNA1-dA, ~ 66

°c muldnmizidieiniu gan3en 1) maduiiasnnananinazas steric effect 1891y pyrene LiaRITIIN

=

71 absorption spectrum a3 PNA1 (3U7 16A) azwudtyr muasnhie iwiunilanume broad uwazll A,

R

A $ [y o . { P ¢ 2, ' o &
2tjUT1k 345 nm T9R0AARBINU absorption spectra YaAIawLANT U iadaiasiiddnsandauning

dao o

[Wanninger-Weiss and Wagenknecht, 2008] ifiaifialau3anudiauia awiz DNA1 ffidrauiumugay
, & Ada A ) . A ' o . A v a
Winsunin1TiUauuwuLasues absorption spectrum  Iuauued IWIuat1iTalan nandeailnatuazil
o & { a a . . { A
AN broad ANNe% shoulder NLSLIT4 340 nm w1e'ld wazifia bathochromic shift a4 A, tUAUTI M
345 nm  wiaunulia hyperchromism anwmzvassdnatuiiddounldiuszininmsdfsuulasvas
. Y P o a P { A ) o X 9
electronic transition Tu U™ lasluneinasnisifialauia Ngannfiganiten 7, sinadufiaznaudun
A lil &) dl dl o v & a g: =3 k3 o a o A g
wilauwad PNA1 Alluansiden wazilainldiduasdnasinaslasmdnasuveslausanaufuun uaasin
madasundasansazvassidnasuiauntaaunaule tlafansan fluorescence spectrum 289 PNAT

(3U7 168) wuiluanwiidumsidoafinaFasussfidnanniiia excited 71350 nm  lawfidn quantum

, C A A - o 2 ox . .
yield (Dr) 1ie9 0.006 watilatfialausany dA, MISeduasaziinduagnannn 1asf maximum emission
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' . X - - - - L
a1 465 nm dnaFasusiiinduile PNAT wWaswnanwidumoidondulauiagefis 42 i (30

U
{ . PN & { . { A , .
#1465 nm) uaze1 quantum yield (D) L ANFITUAI 0.130 (1131990 1) Maulunsddundidmaladugay
. . ° ' { o P ' o [ { L a
(3 single mismatched base TuduniiNassnuiua U') wananazldannnsatasn T, 1 (dlesanliiia
A A a A da a o @ A & A = a & o A, ' A
lav3a viaifalausandanuaiasdiann) udr mawnusesnIisasuastiiaduluszaundininnsmia
Judidutagauuin (3.0-8.7 1) fardludanainsainmsitesusirzwitansdinidudlawadaunouny
\iiaidu single mismatched atf13z1ning 4.8-13 1vi1 lasmadasuudaimaesuasiisansadanadinld

maaudaatrataannelduas UV (black light) (gﬂﬁ 17)

(N) T-T-T-X-UP-X-T-T-T (C) PNAL: X = T; PNA2: X = A; PNA3: X = G; PNA4: X =C
(3) A-A-A-Y-Z -Y-A-A-A (5 DNAla:Y=A;Z=A;DNAlb: Y=A;Z=T
DNAlC:Y=A Z=C;DNAld: Y=A;Z2=G
DNA2:Y = =A;DNA3:Y=C;Z=ADNA4:Y=G; Z=A
(N) T-T-T-T-T-C-UPY_C-T-T-T-T-T (C) PNA5
(3") A~A—A-A-A-G- T —G-A-A-A-A-A (5 DNA5
(N) A-G-T-T-A-U™-C-C-C-T-G-C (C) PNA6
3) T-C-A-A-T- X-Y -G-G-A-C-G (5) DNAG6a: X = A; Y = G (complementary)
DNAG6b: X = C; Y = G (C mismatch)
DNAG6c: X =G; Y = G (G mismatch)
DNAG6d: X =T; Y = G (T mismatch)
DNAG6e: X = A; Y = A (indirect mismatched)
DNAGf: X = G; Z = A (double mismatched)
(N) C-T-A-A-X-UPY-T-C-A-G-A (C) PNA7: X = A; PNA8: X =T
3) G-A-T-T-Y-A-A-G-T-C-T (5" DNA7:Y =T; DNA8:Y =A
(N) UP-T-T-T-T-T-T-T-T-T (C) PNA9
(3) A-A-A-A-A-A-A-A-A-A (5" DNA9

1%
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gﬂﬁ 16 Absorption (A) LLa fluorescence spectra (B) a3 PNA1 uazlay3avasinny DNA1a—1d

conditions: 2.5 LIM PNA, 3.0 LM DNA, 10 mM sodium phosphate buffer pH 7.0, Kexcn =350 nm.

@13197 9 a7Uldn T, uazauifiBousived PNAT uazlauiavaadunufiaue

Entry System T, (°Cc) D’ les(dS)/1,55(sS)° Note
1 PNA1 - 0.006 - ss, TUT
2 PNA1+DNA1a 65.8 0.131 41.9 ds, complementary
3 PNA1+DNA1b <20 0.022 5.3 ds, mismatched
4 PNA1+DNA1c <20 0.039 8.7 ds, mismatched
5 PNA1+DNA1d <20 0.013 3.0 ds, mismatched

® conditions: 2.5 UM PNA, 3.0 UM DNA, 10 mM Sodium phosphate buffer pH 7.0

° measured using quinine sulfate ((DF = 0.546) as standard, Kexcit =350 nm

C .
non-two-state melting curve

PNA1 PNA1+DNA1a PNA1+DNA1b PNA1+DNA1c PNA1+DNA1d

37 17 mehomald UV light 1valSouifisun1aisasusszas PNA1 uazlau3avesduny DNA1a-1d

conditions: 2.5 LIM PNA, 3.0 LLM DNA, 10 mM Sodium phosphate buffer pH 7.0.
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gﬂﬁ 18 Fluorescence spectra U89 PNA2-5 uazlauSaua9auny DNA2-5 conditions: 2.5 LM PNA, 3.0

UM DNA, 10 mM Sodium phosphate buffer pH 7.0, 7\‘%“ =350 nm.
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mismatched base 8% ¢ fa 1.6 Llatiauny PNA6 818Leig LaNsINAMULANGI1991N complementary
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A137191 10 T, uaeaNaLBauasvas PNA2-5 Laz lauSauasiunudidne

Entry System T, (°c)y d° les(dS)/1,55(sS)° Note

1 PNA2 - 0.011 - ss, AU”A

2 PNA2+DNA2 60.2 0.051 6.2 ds, complementary

3 PNA3 - 0.006 - ss, GU™G

4 PNA3+DNA3 54 .1 0.032 8.3 ds, complementary

5  PNA4 - 0.006 - ss, CU”C

6 PNA4+DNA4 <20 0.010 2.0 ds, complementary

7 PNA5 - 0.009 - Ss, CUPyC (extended)
8 PNA5+DNA5 72.7 0.048 6.8 ds, complementary

® conditions: 2.5 UM PNA, 3.0 UM DNA, 10 mM Sodium phosphate buffer pH 7.0

° measured using quinine sulfate (CDF = 0.546) as standard, }\'excit =350 nm

c .
non-two-state melting curve
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gﬂﬁ 19 Absorption (A) Wz fluorescence spectra (B) 183 PNA6 uazlauSavasny DNAGa—6f conditions:

2.5 UM PNA, 3.0 UM DNA, 10 mM sodium phosphate buffer pH 7.0, Kexcn = 350 nm.



