REFERENCES

Han, X, Fang, X, Shi, A, V\/ang, J, Zhang, Y, An electrochemical DNA
biosensor based on gold nanorods decorated graphene oxide sheetsfor
sensing platform. Analytical Biochemistry, 2013. 443: p. 117-123

Achim, C, Armitage, B A, Ly, . H, Schneider, J ., in Peptide nucleic acids.
2008, Wiley Encyclopedia of Chemical Biology.

Zhang, N, AppeIIa, . H, Advantages ofpeptide nucleic acids as diagnostic
platformsfor detection ofnucleic acids in resource limited settings. Journal

of Infectious Diseases, 2011, 201: p. S42-S45.

Nielsen, PE, Egholm, M, Berg, R H, Buchardt, 0., Sequence selective
recognition of DNA by strand displacement with a thymine substituted
polyamide. Science, 1991 254: p. 1497-1500.

Hyrup, B, Nielsen, P E 1Peptide nucleic acids (PNA): synthesis, properties
and potential applications Bioorganic and Medicinal Chemistry, 1996. 4: P. b
23,

Dragulescu-Andrasi, A, Rapireday, ., Frezza, B M, Gayathri, ¢, Gl R R, Ly, .
H, A simple y-backbone modification preorganizes peptide nucleic acid into
a helical structure. Journal of the American Chemistry Society, 2006. 128: p.
10258-10267.

Rapireddy, ., He, G, Roy, ., Armitage, B A, Ly, . H, Strand invasion of
mixed-sequence B-DNA by acridine-linked, y-peptide nucleic acid (y-PNA).
Journal of American Chemistry Society, 2011. 2007: p. 15596-15600.

Sahu, B, Sacui, I, Repiready, ., Zanotti, K J, Bahai, R, Armitage, B A, Ly, D
H, Synthesis and characterization of conformationally preorganized, (R)-
diethylene glycol-containing y-peptide nucleic acids with superior
hybridization properties and water solubility. Journal of Organic Chemistry,
2011. 76: p. 5614-5627.

Suparpprom, ¢, Srisuwannaket, C., Sangvanich, p, Vilaivan, T, synthesis and
oligodeoxynucleotide binding properties ofpyrrolidinyl peptide nucleic odds
bearing prolyl-2-aminocyclopentanecarboxylic acid (ACPC) backbones.
Tetrahedron Letters, 2005. 46 p. 2833-2837.

\ﬁlaivan, T, Srisuwannaket, C, Hybridization ofpyrrolidinyl peptide nucleic
acids and DNA: selectivity, base-pairing specifcity, and direction of binding.

Organic Letters, 2006. s: p. 1897-1900.



1

14

B

16,

1.

18.

19
2.

72

Ananthanawat, C, Vilaivan, T, Hoven, V. p, , X, Comparison of DNA,
aminoethylglycyl PNA and pyrroiidinyl PNA as probesfor detection of DNA
hybridization using surface plasmon resonance technique. Biosensors and
Bioelectronics, 2010. 25: p. 1064-1069.

LiIIey, DMJ, V\ﬂlson, T. J, Fluorescence resonance energy transfer as a
structural toolfor nucleic acids. CUrrent Opinion in Chemical Biology, 2000. 4
D, 507-517,

Ditmangklo, B, Boonlu, ¢., Suparpprom, ¢, Vilaivan, T, Reductive alkylation
and sequential reductive alkylation-click chemistryfor on-solid-support
modifcation ofpyrroiidinyl peptide nucleic acid. Bioconjugate Chemistry,
2013, 24: p. 614-625.

Maneelun, N, Vilaivan, T, pual pyrene-labeled pyrroiidinyl peptide nucleic
acid as an excimer-to-monomer switching probe for DNA sequence detection.

Tetrahedron Letters, 2013, 69 p. 10805-10810.

Burgener, W Sanger, M, Candrian, . Synthesis ofa stable and specifc
suface plasmon resonance biosensor suface employing covalently
immobilized peptide nucleic acids. Bioconjugate Chemistry, 2000. 11: p. 749-
14,

Boontha, B, Nakkuntod, 1, Hirankam, N, Chaumpluk, p,, Vilaivan, T., M ultiplex

mass spectrometric genotyping of single nucleotide polymorphisms
employing pyrroiidinyl peptide nucleic acid in combination with ion-exchange
capture. Analytical Chemistry, 2008. 80: p. 8178-8186.

Kumamoto, ., Watanabe, M, Kawakami, N, Nakamura, N, Yamana, K, 2-
Anthraquinone-conjugated oligonucleotide as an electrochemical probefor
DNA mismatch. Bioconjugate Chemistry, 2008. 19; p. 65-69.

,J, Huang, ¢, Cheng, G, Znang, F, He, p, Fang, Y, Electrochemically
active-inactive switching molecular beaconfor direct detection of DNA in
homogenous solution. Electrochemistry Communications, 2009. 1% p. 177-
180.

Liao. L B, Xiao, X M, Electronic detection of DNA utilizingferrocenyl peptide
conjugates probes. Sensors and Actuators B Chemical, 2006. 115: p. 465-472.
Xuan, F X L, I-Mng Hsing, Sensitive immobilization-free electrochemical
DNA sensor based on isothermal circular strand displacement
polymerization reaction. Biosensors and Bioelectronics, 2012. 35: p. 230-234.



21,

22,
23,

24,

2,

2.

21

28

29,

30.

73

Luo, X, Lee, T. MH, I-lsing, |-|\/|, Immobilization-free sequence-specific
electrochemical detection of DNA usingferrocene-labeled peptide nucleic
acid. Analytical Chemistry, 2008, 80: p. 7341-7346.

Luo, X, Hsing, |-|\/|, Real time electrochemical monitoring of DNA/PNA
dissociation by melting curve analysis. EIectroanaIysis, 2009, 21: P. 1557-1561.
Wang, J, Rivas, G, Fernandes, J R, Paza, J. L L, Jianga, M, Waymirea, R,
Indicator-free electrochemical DNA hybridization biosensor. Analytica Chimica
Acta, 1998. 375: p. 197-203.

Pinwattana, K, Wang, J, Lin GT, , H, Dub, D, Lin Y, Chailapakul, 0.,
CdSe/ZnS quantum dots based electrochemical immunoassayfor the
detection ofphosphorylated bovine serum albumin. Biosensors and
Bioelectronics, 2010. 26: p. 1109-1113,

Rattanarat, p. Dungchai, ., Cate, D, Volckens, J, Chailapakul, 0., Henry, C. .,
Multilayer paper-based devicefor colorimetric and electrochemical
quantification of metals. Analytical Chemistry, 2014: p. ASAP.

Jampasa, ., Wonsawat, ., Rodthongkum, N, Siangproh, ., Yanatatsanegjit,
P, \ﬁlaivan, T, Chailapakul, 0., Electrochemical detection of human
papillomavirus DNA type 16 using a pyrrolidinyl peptide nucleic acid probe
immobilized on screen-printed carbon electrodes. Biosensors and
Bioelectronics, 2013, 54: p. 428-434.

\Wang, J, Palecek, E, Nielsen, p. E, Rivas, G, Ca, X, Shiraishi, H, Dontha, N,
Luo, D, Farias, pA M, Peptide nucleic acid probesfor sequence-specific
DNA biosensors. Journal of the American Chemistry Society, 19%. 118: p.
1667-1610.

Kelley, . 0., Boon, E M, Barton, J K, Jackson, N M, HIl, M G, single-base
mismatch detection based on charge transduction through DNA. Nucleic
Adds Research, 1999. 27: p. 4830-4837.

V\/ong, EL | Gooding, J J, Electronic detection of target nucleic acids by a
2,6-disulfonic acid anthraquinone intercalator. Analytical Chemistry, 2003, 75:
D. 3845-3852.

\Nong, EL | Erohkin, P, Gooding, JJ, A comparison of cationic and anionic
intercalators for the electrochemical transduction of DNA hybridization via
long range electron transfer. Electrochemistry Communications, 2004. s: p.
648-654.



3L

32

3,

3.

3l

39

40,

74

Kerman, K, Vestergaard, M, Nagatani, N, Takamura, Y, Tamiya, E,
Electrochemical genosensor based on peptide nucleic acid-mediated PCR
and asymmetric PCR techniques: electrostatic interactions with a metal
cation. Analytical Chemistry, 2006. 78: p. 2182-2189.

Nakamura, M, Ueda, M, Watanabe, ., Kumamoto, ., Yamana, K, Syntheses
ofanthraquinone capped hairpin DNAs and electrochemical redox responses
from their self-assembled monolayers on gold electrode. Tetrahedron
Letters, 2007. 48: p. 6159-6162

Abi, A, Ferapontova, E E, unmediated by DNA electron transferin redox-
labeled DNA duplexes end-tethered to gold electrodes. Journal of the
American Chemistry Society, 2012, 134: p. 14499-14507.

La, RY, Lagally, E T, Lee, SH Soh, HT, Plaxco, K ., Heeger, Rapid,
sequence-specific detection ofunpurified PCR amplicons via a reusable,
electrochemical sensor. Proceedings of the National Academy of Sciences,
2006. 103: p. 4017-4021.

Xia, F, Zuo, X, Yang, R, White, R J, Xiao, Y, Kang, D, Gong, X, Lubin, A A,
Vallee-Belisle, A, Yuen, J D, Hsu, B Y. B, Plaxco, K ., Label-free, dual-
analyte electrochemical biosensors: a new class of molecular-electronic
logic gates. Journal of the American Chemistry Society, 2011, 132: p. 8557-
8559,

Farjami, E, Clima, L, Gothelf, K, Ferapontova, E F, “off-on” electrochemical
hairpin-DNA-based genosensorfor cancer diagnostics. Analytical Chemistry,
2011, 83; p. 1594-1602.

UU, HH, L, JL, Zhang, M, Pang, - ., Electrochemical properties ofnile
blue covalently immobilized on self-assembled thiol-monolayer modified
gold electrodes. Analytical Sciences, 2002. 18: p. 1339-1344.

Me, Y, Kowata, K, Kojima, N, Komatsu, Y, Electrochemical properties o f
interstrand cross-linked DNA duplexes labeled with nile blue. Langmuir, 2012
28: p. 17211-17216.

Ensafi, AA, Heydari-Bafrooei, E, Amini, M, DNA-functionalized biosensor for
riboflavin based electrochemical interaction on pretreated pencil graphite
electrode. Biosensors and Bioelectronics, 2011, 31: p. 376-381.

Hamill, M J, Jost, M, Wong, ¢, Bene, N ¢, Drennan, c. L, Elliott, . J,
Electrochemical characterization ofEscherichia coli adaptive response
protein AidB. International Journal of Molecular Sciences 2012, 13: p. 16899-
16915,



41,

42,

)

41,

49,

5.
5L

75

Tsai, Y-L Una, YC, Choua, P-H, Tenga, P-H, Leeb, P-Y Detection of white
spot syndrome virus by polymerase chain reaction performed under
insulated isothermal conditions. Journal of \ﬁrological Methods, 2012. 181
D, 134137

Markowitz, L E, Hin, ., Lin, ¢, Dunne, E F, Steinau, M, McQuillan, G,
Unger, E R, Reduction in human papillomavirus (HPV) prevalence among
young womenfollowing HPV vaccine introduction in the United States,
national health and nutrition examination surveys, 2003-2010. Journal of
Infectious Diseases, 2013; p. 19,

Locharernkul, ¢, Loplumlert, J, Limotai, c., Korkij, ., Desudchit, T,
Tongkobpetch, ., Kangwanshiratada, O, Hirankam, N, Suphapegtiporn, K,
Shotelersuk, V, Corbamazepine and phenytoin induced Stevens-Johnson

syndrome is associated with HLA-B*1502 aiiele in Thaipopulation. Epilepsia,
2008. 49: p. 2087-2091.

Ozs0z, M Electrochemical DNA Biosensors Pan Stanford Publishing Pte.Ltd.,
DOk 10.4032/9789814303989

Watson, J. ., Crick - H, Molecular structure of nucleic acids. Nature, 1953,
{71 p. 731738

Porcheddu, A, Giacomelli, G, Peptide nucleic acids (PNAs), a chemical
overview. Current Medicinal Chemistry, 2005. 12 p. 2561-2599.

Pokorski, J. K, \Mtsch, M A, Purnell, B L, Appella, D H, ( . )-trans-
Cyclopentane-constrained peptide nucleic acids, a general backbone
modification that improves binding affinity and sequence specifcity. Journal

of the American Chemistry Society, 2004. 125: p. 15067-15073.

Englund, EA, AppeIIa, D H, Synthesis of y-substituted peptide nucleic acids:
a new place to attachfuorophores without affecting DNA binding. Organic
Letters, 2005. 7: p. 3465-3467.

Vilaivan, ¢, Srisuwannaket, ¢, Ananthanawat, ¢, Suparpprom, ¢, Kawakami,
J, Yamaguchi, Y, Tanaka, Y, \ﬁlaivan, T, Pyrrolidinyl peptide nucleic acid
with 006-peptide backbone A conformationally constrained PNA with
unusual hybridization properties. Artificial DNA: PNA & XNA 2011, 2 P. 50-59.
Drummond, G T, H||, M H, Barton, J K Electrochemical DNA sensors.
Nature Biotechnology, 2003. 21: p. 1192-1199.

Oliveira-Brett, A M, Vivan, M, Fernandes, L R, Piedade, J A p,

Electrochemical detection ofin situ adriamycin oxidative damage to DNA.

Talanta, 2002. 56: p. 959-970.



52,

5.

5.

5.

o,

8.

59,

60.

6L

76

Oliveira-Brett, A M, Piedade, J A p, Silva, L A, Diculescu, V. C,
Voltommetric determination ofalt DNA nucleotides. Analytical Biochemistry,
2004, 332: p. 321-329.

DUbUiSSOﬂ, E, Yang, Z, LOh, Kp., Optimizing lobel-free DNA electrical
detection on graphene platform. Analytical Chemistry, 2011. 83: p. 2452-
2460,

Hashimoto, K, Ishimori, Y, Preliminary evaluation ofelectrochemical PNA
arrayfor detection ofsingle base mismatch mutations. Lab on aChip, 2001,
L p. 6163

Anour, F. Pournaghi-Azar, M H Hejazi, M, An electrochemical approach for
direct cetection and discrimination of fully match and single base mismatch
double-stranded oligonucleotides corresponding to universal region of
hepatitis C virus. Analytical Methods. 2012, 4, 967-972,

Hejazi, M H, Pournaghi-Azar, M H, Alipour, E, Abdolahinia, E D, Arami, .,
Nawaha, H, Developmentofa novel electrochemical biosensorfor
detection and discrimination of DNA sequence and single base mutation in
dsDNA samples based on PNA-dsDNA hybridization - a new platform
technology. Electroanalysis, 2010, 23: p. 501-511.

A{)ki, H, Tao, H, Label- and marker-free gene detection based on
hybridization-induced conformationalflexibility changes in aferrocene-PNA
conjugate probe. Analyst 2007, 132, 784-791.

Husken, N Gasser, G Koster, . D. Metzler-Nolte, N, Four-potential ferrocene
|abeling of PNA oligomers via click chemistry. Bioconjugate Chem. 2009, 20,
1578-1586.

Paul, A, Watson, R M, Wierzbinski, E, Davis, K, Sha, A, Achim, ¢, Waldeck, D
H, Distance dependence ofthe charge transferrate for peptide nucleic acid
monolayers. Journal of Physical Chemistry, 2010. 114: p. 14140-14148,

Kang, D, Zuo, X, Yangy, R, Xia, F, Plaxco, K ., white, R J, Comparing the
properties ofelectrochemical-based DNA sensors employing different dedox
tags. Analytical Chemistry, 2009, 8L: p. 9109-9113,

Chatelain, G, Ripert, M, Farre.c, Ansanay-Alex, ., Chaix, C., /A “Four-
ferrocene” modified stem-loop structure as a probe for sensitive

detection and single-base mismatch discrimination of DNA, Electrochimica
Acta, 2012, 59: p. 57-63.



62.

65.

66.

7.

68.

69.

10,

77

Kobayashi, M, Kusakawa, T, Saito, M, Kgji, ., Oomura, M, Iwabuchi,
l\/brita, Y, Hasan Q., Tamiya, E, Electrochemical DNA guantification based on
aggregation induced by Hoechst 33258. Electrochemistry Communications,
2004, 6 p. 337-343.

Fan, H, Xu, Y, Chang, Z, Xing, R, Wang, Q, He, p. Fang, Y, A non-
immobilizing electrochemical DNA sensing strategy with homogenous
hybridization based on the host-guest recognition technique. Biosensors and
Bioelectronics, 2011. 26: p. 2655-2659.

Xuan, F, Luo, X, Hsing, |-M ultrasensitive solution-phase electrochemical
molecular beacon-based DNA detection with signal am plifcation by
exonuciease ll-assisted target recycling. Analytical Chemistry, 2012. 8: p.
5216-5220,

Luo, X, Xuan, F, Hsing, |-|\/|, Real time electrochemical monitoring ofPCR
amplicons using electroactive hydrolysis probe. Electrochemistry
Communications, 2011, 13; p. 742-745.

Sankoh, ., Samanman, ., Thipmaneea, 0., Numnuam, A, Limbut, .,
Kanatharana, P, \Alaivan, T, Thavarungkul, P, A comparative study of a
label-free DNA capacitive sensor using a pyrrolidinyl peptide nucleic acid
probe immobilized through polyphenylenediamine and polytyramine non
conducting polymers. Sensors and Actuators B Chemical, 2013, 177: p. 543-
94,

Thipmanee, 0., Samanman, ., Sankoh, ., Numnuam, A, Limbut, .,
Kanatharana, p, Vilaivan, T, Thavarungkul, p, Label-free capacitive DNA
sensor using immobilized pyrrolidinyl PNA probe: Effect of the length and
terminating head group of the blocking thiols. Biosensors and Bioelectronics,
2012, 38: p. 430-435.

Schubert, F, Knaf, A, Moller, y Cech, ., Covalent attachment of methylene
blue to oligonucleotides. Nucleosides and Nucleotides, 19%. 14: p. 1437-
1443

Reenabthue, N, Boonlug, c., Vilaivan, ¢, Vilaivan, T., Suparpproma, C, 3-
Aminopyrrolidine-4-carboxylic acid as versatile handle for internal labeling of
pyrrolidinyl PNA. Bioorganic and Medicinal Chemistry Letters, 2011, 2L: p.
6455-6469.

Vilaivan, T., http://www.chemistry.sc.chula.ac.th/pna/pna.asp


http://www.chemistry.sc.chula.ac.th/pna/pna.asp

L

A

13

14

5

16,

1,

8.

19

80.

18

Ngamviriyavong, P. (2004). Synthesis of peptide nucleic acid containing
aminoethyl linkers, Master’s thesis, Chulalongkorn University, Bangkok,
Thailand,

Rodthongkum, N, Ruecha, N, Rangkupan, R, Vachet, R ., Chailapakul, 0.,
Graphene-loaded nanofiber-modified electrodesfor the ultrasensitive
determination of dopamine. Analytica Chimica Acta, 2013. 804: p. 84-9L,
Lazerges, M, Bedioui, F.,Analysis ofthe evolution ofthe detection limits of
electrochemical DNA biosensors. Analytical and Bioanalytical Chemistry, 2013,
405: p. 3705-3714,

Struszczyk, M H, chitin and chitosan. Polimery, 2002, 47: p. 316-315.

de AIvarenga, ES, Characterization and properties of chitosan. Biotechnology
of Biopolymers. 2011: - Tech,

Dutta, P. K, Dutta, J, Tripathi, V. ., Chitin and chitosan: chemistry, properties
and applications. Journal of Scientific and Industrial Research, 2004. 63; p. 20-
a

Niu, X, Yang, ., Ren, J, Guo, H, Long, ., Chen, J, Gao, J, Electrochemical
behaviors and simultaneous determination ofguanine and adenine based
on graphene-ionic liquid-chitosan composite film modified glassy carbon
electrode. Electrochimica Acta, 2012. 80; p. 346-353.

Un X, Jiang, X, LU, L, DNA deposition on carbon electrodes under
controlled DC potentials. Biosensors and Bioelectronics, 2005. 20: p. 1709-
1717,

Shrivastava, A, Gupta, V. B, Methods for the determination of limit
ofdetection and limit of quantitation ofthe analytical methods. Chronicles
of Young Scientists, 2011. 2 p. 21-2

Yoshida, A, Nagashima, ., Ansal, T, Tachibana, M, Kato, H, Watari, H,
Notomi, T, Takehara, T, Loop-mediated isothermal amplification methodfor
rapid detection of the periodontopathic bacteria Porphyromonas gingivalis,

Tannerellaforsythia, and Treponema denticola. Journal of Clinical
Microbiology, 2005. 43; p. 2418-242



L



0o 0 00

Wiy

y Y

T T T T T T ~r —r T

100 50 0o

Figure A1 *H NMR spectra of ethyl 4-(anthraquinone-l-oxy)butyrate (400 MHz,
CDCI3) (top) and 4-(anthraquinone-l-oxy)butyric acid (400 MHz, DMSO-c/fi)

(bottom)
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Figure A2 B nR spectrum of 4-(anthraquinone--oxy)butyric acid (100 MHz,
DMSO-cf§)
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Figure A3 *H NMR spectra of ethyl 4-(anthraquinone-2-oxy)butyrate (400 MHz,
CDCI3) (top) and 4-(anthraquinone-2-oxy)butyric acid (400 MHz, DMSO-d6)

(bottom)
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Figure A4 1X NMR spectra of ethyl 4-(anthraquinone-2-oxy)butyrate (400 MHz,
CDCI3) (top) and 4-(anthraquinone-2-oxy)butyric acid (400 MHz, DMSO-d6)

(bottom)
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Figure A5 MALDI-TOF mass spectrum of methylene blue butyric acid (calcd for
[M+H]+= 357.1)
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Figure A7 (a) Analytical HPLC chromatogram (ACE 5 C18-AR (150 X 4.6 mm)

HPLC column, water(A)/methanol(B) (started with A:B (90:10) for 5 min followed
by a linear gradient to A:B (10:90) over a period of 70 min), flow rate 0.5
mL7min) and (b) MALDI-TOF mass spectrum of PNA 1AQ-T2-Lys (calcd for
[M+H]+=991.3)
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Figure A8 (a) Analytical HPLC chromatogram (ACE 5 C18-AR (150 X 4.6 mm)
HPLC column. water(A)/methanol(B) (started with A:B (90:10) for 5 min followed
by a linear gradient to A'B (10:90) over a period of 70 min), flow rate 0.5
mL/min) and (b) MALDI-TOF mass spectrum of PNA 2AQ-T2-Lys (calcd for
[M+H]+=992.0)
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Figure A9 (a) Analytical HPLC chromatogram (ACE 5 C18-AR (150 X 4.6 mm)

HPLC column, water(A)/methanol(B) (started with A:B (90:10) for 5 min followed
by a linear gradient to A:B (10:90) over a period of 70 min), flow rate 0.5
mL/min) and (b) MALDI-TOF mass spectrum of PNA MB-T2-Lys (calcd for [M+PI]+

= 1037.4)
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Figure A10 (a) Analytical HPLC chromatogram (ACE 5 C18-AR (150 X 4.6 mm)
HPLC column, water(A)/methanol(B) (started with A:B (90:10) for 5 min followed
by a linear gradient to A:B (10:90) over a period of 70 min), flow rate 0.5
mL/min) and (b) MALDI-TOF mass spectrum of PNA 1AQ-T9-Lys (calcd for
[M+H]+ = 3429.7)
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Figure A Il (a) Analytical HPLC chromatég}ram (ACE 5 C18-AR (150 X 4.6 mm)
HPLC column, water(A)/methanol(B) (started with A:B (90:10) for 5 min followed
by a linear gradient to A:B (10:90) over a period of 70 min), flow rate 0.5
mLymin) and (b) MALDI-TOF mass spectrum of PNA 2AQ-T9-Lys (calcd for
[M+H]+ = 3430.2)
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Figure A12 (a) Analytical HPLC chromatogram (ACE 5 C18-AR (150 X 4.6 mm)
HPLC column, water(A)/methanol(B) (started with AB (90:10) for 5 min followed
by a linear gradient to AB (10:90) over a period of 70 min), flow rate 0.5
mL7min) and (b) MALDI-TOF mass spectrum of PNA MB-T%-Lys (calcd for [M+H]+
= 3518.0)
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Figure A13 (a) Analytical HPLC chromatogram (ACE 5 C18-AR (150 X 4.6 mm)
HPLC column, water(A)/methanol(B) (started with A:B (90:10) for 5 min followed
by a linear gradient to A:B (10:90) over a period of 70 min), flow rate 0.5
miymin) and (b) MALDI-TOF mass spectrum of PNA T5-1AQ-T4-Lys (calcd for
[M+H]+= 3472.3)
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Figure A14 (a) Analytical HPLC chromatogram (ACE 5 C18-AR (150 X 4.6 mm)

HPLC column, water(A)/methanol(B) (started with A:B (90:10) for 5 min followed
by a linear gradient to A:B (10:90) over a period of 70 min), flow rate 0.5
mlVmin) and (b) MALDI-TOF mass spectrum of PNA T5-2AQ-T4-Lys (calcd for
[M+H]+= 3473.9)
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Figure A15 (a) Analytical HPLC chromatogram (ACE 5 C18-AR (150 X 4.6 mm)

HPLC column, water(A)/methanol(B) (started with A:B (90:10) for 5 min followed
by a linear gradient to A:B (10:90) over a period of 70 min), flow rate 0.5
miymin) and (b) MALDI-TOF mass spectrum of PNA T5-MB-T4-Lys (calcd for
[M+H]+ = 3518.0)
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Figure A16 (a) Analytical HPLC chromatogram (ACE 5 C18-AR (150 X 4.6 mm)
HPLC column, water(A)/methanol(B) (started with A:B (90:10) for 5 min followed
by a linear gradient to A:B (10:90) over a period of 70 min), flow rate 0.5
mIVmin) and (b) MALDI-TOF mass spectrum of PNA 2AQ-WSSV-Lys (calcd for
[M+H]+ = 4136.7)
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Figure AL7 (a) Analytical HPLC chromatogram (ACE 5 C18-AR (150 X 4.6 mm)
HPLC column, water(A)/methanol(B) (started with A:B (90:10) for 5 min followed
by a linear gradient to A:B (10:90) over a period of 70 min), flow rate 0.5
mL7min) and (b) MALDI-TOF mass spectrum of PNA 2AQ-WSSV-Ser (calcd for
[M+H]+ = 4091.6)
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Figure A18 (a) Analytical HPLC chromatogram (ACE 5 C18-AR (150 X 4.6 mm)
HPLC column, water(A)/methanol(B) (started with A:B (90:10) for 5 min followed
by a linear gradient to A:B (10:90) over a period of 70 min), flow rate 0.5
mL7min) and (b) MALDI-TOF mass spectrum of PNA 2AQ-WSSV-Glu (calcd for
[M+H]+ = 4132.5)
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Figure A19 (a) Analytical HPLC chromatogram (ACE 5 C18-AR (150 X 4.6 mm)
HPLC column, water(A)/methanol(B) (started with A:B (90:10) for 5 min followed
by a linear gradient to A:B (10:90) over a period of 70 min), flow rate 0.5
mL/min) and (b) MALDI-TOF mass spectrum of PNA 2AQ-B1502-Lys (calcd for
[M+H]+ = 4351.1)
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Figure A20 (a) Analytical HPLC chromatogram (ACE 5 C18-AR (150 X 4.6 mm)
HPLC column, water(A)/methanol(B) (started with A:B (90:10) for 5 min followed
by a linear gradient to A:B (10:90) over a period of 70 min), flow rate 0.5
mi/min) and (b) MALDI-TOF mass spectrum of PNA 2AQ-B1513-Lys (calcd for
[M+H]+ = 4414.4)
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Figure A21 Melting curves of unmodified PNAs T9-Lys (top) and T4-(apc)-T5-Lys

(bottom) (1 pM) after hybridized with complementary DNA (dAg), 1 pM, blug)

compared with single base mismatched DNA (dAslA), 1 pM, red) in 10 mM

phosphate buffer pH 7.0
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Figure A22 Melting curves of PNAs 1AQ-T9-Lys (top) and T4-1AQ-T5 -Lys

(bottom) (1 pM) after hybridized with complementary DNA (dA9 1 pM, blue)

compared with single base mismatched DNA (dAslA}, 1 pM, red) in 10 mM

phosphate buffer pH 7.0
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Figure A23 Melting curves of PNAs 2AQ-T9-Lys (top) and T4-2AQ-T5 -Lys
(bottom) 1 pM after hybridized with complementary DNA (dA9 1 pM, blue)
compared with single base mismatched DNA (dAJA,,, 1 pM, red) in 10 mM

phosphate buffer pH 7.0
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Figure A24 Melting curves of PNAs MB-T9-Lys (top) T4-MB-T5 -Lys (bottom) 1

pM after hybridized with complementary DNA (dA9, 1 pM, blue) compared with

single base mismatch DNA (dAslAit, 1 pM, red) in 10 mM phosphate buffer pH

7.0
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Figure A25 Melting cuives of PNA 2AQ-WSSV-Lys (1 pM) after hybridized with
complementary DNA (1 pM, blue) compared with three other single base

mismatched DNA (1 pM, red, green and purple) in 10 mM phosphate buffer pH
7.0
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Figure A26 Melting curves of PNA 2AQ-WSSV-Lys (1 pM) after hybridized with
19bp complementary (1 pM) (top) and single base mismatched DMAs (1 pM)
(bottom) (blue: without NaCl, red: with 100 mM NaCl). The corresponding
melting curves for DNA duplexes (dsDcompl9mer and dsDsmC19mer) (1 pM)
are shown in green (without NaCl) and purple (with 100 mM NaCl). All
experiments were conducted in 10 mM phosphate buffer pH 7.0.
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Figure A27 Melting curves of PNAs 2AQ-B1502-Lys (top) and 2AQ-B1513-Lys
(bottom) (1 pM) after hybridized with complementary DNA (1 pM, blue) and
single base mismatched DNA (1 pM, red) in 10 mM phosphate buffer pH 7.0
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Figure A28 Melting curves of PNAs 2AQ-B1502-Lys (blue) and 2AQ-B1513-Lys
(red) (top) (1 pM each) after hybridized with 30bp complementary DNA targets
(1 pM) (top) and the melting curves for 30bp DNA duplexes corresponding to
B1502 (1 pM, blue) and B1513 (1 pM, red) (bottom). All experiments were
conducted in 10 mM phosphate buffer pH 7.0.
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