CHAPTER I
EXPERIMENT

This chapter presents information regarding chemicals, apparatus and general
procedure. The details of each step are described below.

3.1 Chemicals and apparatus

All chemicals were obtained from commercial suppliers (Fluka, Merck or
Aldrich Chemical Co, Ltd.) and used without further purification. TentaGel —RAV
Fmoc resin (0.24 mmol/y loading) (Fluka) was used as the solid support for solid
phase peptide synthesis. Fmoc-L-Lys(Boc)-OPfp and Fmoc-L-Glu(OtBu)-OFi - were
obtained from Calbiochem Novabiochem Co, Ltd Fmoc-L-Ser(tBu)-ODhbt was
obtained from Huka. The four Fmoc-protected, Pfp-activated pyrrolidingl PNA
monomers (Fmoc-ABOPfp, Fmoc-CB:OPfp, Fmoc-GHICH and Fmoc-T-OPfp), ACPC
and APC spacer were synthesized by Dr. Chalotorn Boonlua, Dr. Woraluk Mansawat,
M. Boonsong Ditmangklo and M. Nattapon Maneelun according to previously
published protocols [13, 14], 0-(7-azabenzotriazol-I-yl)-N,N,N' N'-tetramethyluronium
hexafluorophosphate (HATU) was obtained from Fluka. I-Piydroxy-7-azabenzotriazole
(HOAY) was purchased from GLBiochem (Shanghai, China). Pentafluorophenyl
trifluoroacetate was obtained from Aldrich. Anhydrous A/,N-dimethylformamide (DVF)
for solid phase peptide synthesis was obtained from RO Labscan (Thailand) and
stored over 4A molecular sieves. Tris(hydroxymethane)aminomethane (Tris)
(Molecular biology grade) was obtained from USB Co,, Ltd. (USA). Tris-Borate EDTA
(I0x) was obtained from Fluka ~ Commercial grade of solvents for column
chromatography were distilled before use. APLC grade MeCOH and MeCN for HPLC
purification were obtained from Merck and used as received. MilliQ water was
obtained from ultrapure water system with Millipak® 40 filter unit 0.22 pm, Millipore
(USA) and was filtered through a Nylon membrane filter (13 mm () 045 pm pore
size) before APLC use. Graphite powder (mesh size < 100) was purchased from
Sigma-Aldrich. Carbon ink and silver/silver chloride were purchased from Acheson
(California, USA). Diethylene glycol monobutyl ether and ethylene glycol monobutyl
ether acetate, used as binder solution in the ink preparation step, were purchased
from Merck. Poly(quaternized dimethylamino)ethyl methacrylate (PODMAEMA Mn =
13,777 Da) and polyacrylic acid (PAA Mh=7890 Da) was synthesized and supplied by
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Dr. Voravee Hoven (Organic Synthesis Research Unit, Chulalongkorn: University). AU
synthetic oligonucleotides were purchased from Pacific Science (Bangkok, Thailand)
r BigDesign Co,Ltd. (Bangkok, Thailand). Strains of White spot Syndrome Virus
?WSSVS, Infectious hypodermal and hematopoietic necrosis virus (IHH\V), Yellow-
Head Virus (YHV), and Taura syndrome virus (TSV) were employed in specificity test
of LAVP samples. The first two viral specimens were provided by Chachoengsao
Coastal Fisheries Research and Development Center, Chachoengsao, Thailand, and
the latter two specimens were from TSM Chanisa Hatchery, Phang Nga, Thailand. For
the surveillance study, forty-nine field specimens from frozen samples supplied from
private farms in Phang Nga province. LAMP-amplified WSSV and other shrimp virus
DNA samples were obtained from Dr. Piyasak Chaumpluk (Laboratory of Plant
Transgenic Technology and Biosensor, Department of Botany, Faculty of Science,
Chulalongkorn University). PCR-amplified Human Papilloma Virus (HPV) DNA samples
and IAQGCTGGAGGTGTATGLYsNH: (IAQ-HPV-Lys) probe were obtained from M.
Sakda Jampasa (Program in Petrochemical and Polymer Science, Chulalongkorn
University). PCR-amplified Human Leukocyte Antigen (HA DNA samples were
obtained from Prof. Dr. Nattiya Hirankam (Department of Microbiology. Faculty of
Medicine, Chulalongkorn University).

The progress of the reaction was monitored by thin layer chromatography
(TLO (o.c. Silica gel 60 F254 0.2 mm thickness was purchased from Merck) and
visualized using uv light (254 nm). NIVR spectra were recorded on a Vari Mercury+
400 or Bruker Avance 400 operating at 400 MHz for *Hand 100 MHz for &%, Chemical
shifts were referenced to the residual protonated solvent peaks. Reverse phase HALC
experiments were performed on Water Delta 600™ system with gradient mode.
Concentration and melting temperature of synthetic oligonucleotides were recorded
on a CARY 100 Bio UV-Visible spectrophotometer (Varian Ltd.). MALDI-TOF VS spectra
were recorded on a Microflex MALDI-TOF mass spectrometer (Bruker Daltonik GmbH,
Bremen, Germany) in linear positive mode using a-cyano-4-hydroxycinnamic acid
(OCA) as a matrix. All electrochemical measurements were performed on a PGSTAT
30 potentiostat (Metrohm Siam Company Ltd), and controlled with the General
Purpose Electrochemical System (GPES) software.
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3.2 General procedures
3.2.1 Synthesis and characterization of electrochemically-active reporters

Several types of electrochemically-active reporters were evaluated as the
redox-active label on acpcPNA including anthraquinone (AQ) and methylene blue
(MB). All of them were functionalized with a carboxyl group in order to attach to
amino group of acpcPNA via acylation.

3211 Synthesis of 4-(anthraguinone-I-yloxy)butyric acid (LAQ) (1)
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Figure 3.1 Synthesis of 4-(anthraquinone-I-yloxy)butyric acid (LAQ)

1-Hydroxyanthraguinone (Ii) (0.10 ¢ 0.45 mmol, 10 equiv.) and potassium
carbonate (0.07 ¢ 051 mmol, 11 equiv.) were dissolved in 4 mL of DVF. Next, ethyl
4-bromobutyrate (0.11 g 0.56 mmol, 12 equiv.) was added to the solution and the
reaction was refluxed for 12 hrs. After reaction was completed as monitored by TLG
the solvent was evaporated and product was purified by column chromatography
(EtOAC:Hexanes=10:90) to give ethyl 4-(anthraquinone-l-yloxy)butyrate (lii) as a
yellow solid (0.13 ¢, 0.38 mmol, 8% yield from Ii). HNVR (400 MHz, CDCI3: 6 1.25
(ty =6.8 Hz 3H), 226 (quintet, 3 = 6.8 Hz, 2H), 273 (t, 3 =72 Hz, 2H), 4.14 (0,0 = 7.2
H, 2H), 423 (t, 0 = 56 Hz, 2H), 7.33 (dd, 3 = 84, 24 H, 1H), 7.74 (m, 1H), 7.95 (d,
1=16H, 2H),836 (d1 =72 H, 1H, 823 (m 2H).

Ethyl 4-(anthraguinone--yloxy)butyrate (lii) (0.13 ¢ 0.38 mmol, 10 equiv.)
was refluxed with 2 ml of 2 M HJ (40 mmol, 105 equiv.) overnight. After the
reaction was completed as monitored by TLC, the precipitated product was filtered,
washed with water and dried to give compound 1 as a yellow solid (0.12 ¢ 0.35
mmol, 92% yield from lii). 'n NVR (400 MHz, DMSO-do) 6 2.04 (quintet, 3 - 6.8 Hz
2H), 260 (t 0 =76 H, 2H), 420 (t, 0 = 6.0 Hz, 2H), 759 (0d, s 6.8, 28 Hz 1H), 7.87
(m 4H), 815 (m, 2H), 1217 (, 1H. 1= NVR (100 MHz, DMSO-06): 6 24.2 (CH2, 30.0
(CH, 68.0 (CH, 1190 (CH) 1199 (0, 1207 (C), 1261 (CH) 1262 (CH) 1320 (0,
1335 (CH), 1346 (CH, 1350 (0, 1354 ((H, 159.3 (C-0), 1742 (C=0), 18L1 (c=0),
1828 (C=0).
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3.2.1.2 Synthesis of 4-(anthraquinone-2-yioxy)butyric acid (2AQ) (2
OO OH . Br 1 K,CO3. MeCN i:¢©/ \/\/i
2 2M HCI, 60°
(0]

Figure 3.2 Synthesis of 4 -(anthraqumone-2-yloxy)butyr|c acid (2AQ)

2-Hydroxyanthraquinone (21) (054 s: 239 mmol, 10 equiv.) and potassium
carbonate (0.40 ¢ 292 mmol, L1 equiv.) were dissolved in 40 mL of MeCN. Next,
ethyl 4-bromobutyrate (0.50 ¢ 2.48 mmol, 11 equiv.) was added to the solution and
stirred at room temperature for 24 hrs, After reaction completed, monitored by TLC
the solvent was evaporated and the product was purified by column
chromatography ~ (EtOAc:Hexanes=10:90)  to  give  ethyl 4-(anthraquinong-2-
oxy)butyrate (2ii) as a yellow solid (0.54 ¢ 1.60 mmol, s6%Yyield from 2). *H NVR
(400 MHz, CDCI3: 6 129 (t 0 = 72 H, 3H), 221 (quintet, 3 = 6.5 Hz, 2H), 257 (t,
J=68 H, 2H),419(qa=72H 2H), 424 (t 3 = 64 Hg, 2H), 7.28, (dd, s =56, 26
H, 1H), 7.73 (d, 1= 26 Hz, 1H), 7.81(m, 2H), 829 (d, 3 =56 Hz 1H, 832 (m 2H). &
NVR (400 MHz, COChs): 6 14.2 (CH3) 24.4 (CHD, 30.6 (CHD, 60.6 (CH:-0), 67.6 (CHr O),
110.6 (CH), 1214 (CH), 127.2 (CH), 1298 (0, 1336 (c), 133.7 (CH), 134.2 (CH), 1356 ( ,
1636 (CO), 1729 (00), 182.1 (C=0), 1834 (C0).

Ethyl 2-(anthraquinone-l-yloxy)outyrate (2ii) (056 ¢ 1.66 mmol, 10 equiv.)
was refluxed with 11 m_of 2 M HJ (220 mmol, 1325 equiv.) for & hrs. After the
reaction was completed as monitored by TLG the precipitated product was filtered,
washed with water and dried to give compound 2 as a yellow solid (043 g 138
mmol, 83% yield from Zi). 'n NVR (400 MHz, DMSO.dey: 6 2.00 (quintet, 3 = 6.8 Hz
2H), 241 (t, 0= 72 H, 2H), 420 (t 9 = 6.4 Hz, 2H), 7.43, (dd, =84, 24 Hz, 1H), 7.58
(da=24H, 1H) 791 (m 2H), 8.17 (m 3H) 1219 (, H; & NVR (100 MHz, DMSO-
dey: 6 240 (CH), 30.0 (CHD, 67.6 (CH), 110.7 (CH), 121.0 (CH), 1263 (c), 1266 (CH)

1266 (0H), 1295 (CH, 1330 (c) 1330 (0, 1341 (CH) 1345 (OH), 1350 (c), 1632
(G0, 1740 (C-0), 181.2 (C ), 1823 (¢=0).

3.2.1.3 Synthesis of methylene blue butyric acid (3)

Methylene blue butyric acid was synthesized according to a literature
procedure [ss], Due to the small quantity available, it was only characterized by
MALDI-TOF VB /Z (MALDI-TOF) caled for M 355.14, found 355.29.
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3.2.2 Synthesis of labeled acpcPNA probes
32.2.1 Synthesis of acpcPNA probes

The acpcPNA was synthesized by Fmoc-solid phase peptide synthesis method
according to our previously published protocol [9], For internal labeling of the
acpePNA, an ACPC spacer at the specified position was replaced with an APC spacer
as described earlier [69], The synthesis started with deprotection of the Fmoc
protecting group on the solid support (L5 pmol) with 100 pL solution of 2% DBU and
20% piperidine in DVF (100 pU). Then, it was coupled with the PNA monomer or
ACPC/APC spacer which was previously activated by treatment with the solution of
DIEA (s equiv) and HOAt (4.0 equiv.) (for Pfp-activated monomers) or HATU (4 equiv.)
(for free acid monomers) in DVF (30 pL) for 40 min. Next, capping of unreacted
amino groups was performed by treatment with the solution of DIEA s equiv.) and
acetic anhydride (34.5 equiv.) in DVF (30 pL) for 5 min. This cycle was repeated until
the desired PNA sequence was obtained.

3.2.2.2 Labeling electrochemically-active reporter onto acpcPNA via acylation
reaction

After the PNA synthesis was completed, it was labeled with the
electrochemically active reporter at the internal or terminal position while still on
the solid support. Before labeling at the internal position, the free amino group at
the end of the PNA strand was acetylated by treatment with acetic anhydride/DIEA
under the same capping conditions as described in 2.2.1. The carboxyl-functionalized
redox-active reporter was activated by dissolving 7.5 pmol of the acid in a minimum
volume of DVF To this solution was added DIEA (10 pL, 574 pmol, s equiv.)
followed by PfpOTfa (5 pL, 291 pmol, 4 equiv.). After reaction completed as
monitored by TLC CH:Cl was added to the solution. This solution was extracted
with 10% HJ followed by saturated agueous NaHCOs solution (3 times). The organic
phase was dried under a stream of No gas to give a crude Pfp-activated label, which
was dissolved in 100 pL of DMF containing DIEA (20 pL, 114.8 pmol, 16 equiv.) before
reacting with the PNA on the solid support overnight at room temperature. The
progress of the reaction was monitored by MALDI-TOF mass spectrometry after
cleavage of some PNA samples from the resin by treatment with trifluoroacetic acid
(TFA). For mixed base sequence, the benzoyl (Bz) group on Aand c, isobutyryl (lou)
group on G and trifluoroacetyl (Tfa) group on APC spacer were simultaneously
removed by treatment with aqueous ammonia/dioxane 1:1 in a sealed tube at 60 °c
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overnight prior to the cleavage from the resin. The PNAwas cleaved from the solid
support by treatment with TFA (3 x 100 pLx 1 hr) and the combined TFA cleavage
mixture was evaporated under a stream of Ne ges. The residue was washed with
diethyl ether 3 times and dried at room temperature before preparing to be crude
PNA solution.

The probe sequences were designed to have only thymine base in the test

sequences (T2 and T9), and partial sequences of WSSV, HPV. HLA BI502 and B1513
as shown in Table 1

Table 3.1 PNA probe sequences used in this work

Codle Sequence (N->0
IAQT2-Lys IAQ-TT-LysNH:
AQT2-Lys 2AQTT-LysNH
VB-T2-Lys VB-TT-LysNH:
TAQ-THLYS IAGH T 1T 1IT-LysNH
2AQTHLYS 2AQTFT TTF 111-LysNH:
VB-TO-Lys MBITTTTT 111-LysNH:

T4{1AQ-T5-Lys 111%(IAQ)-| 111r-LysNH:
T42AQ)- To-Lys Il H2AQ) 111 1-LysNH:
T4{(VB}T5-Lys M-(VBH L1IT-LysH
2AQWSSV-Lys 2AQ-TCA AAT TCA GA-LysNH:
2AQWSSV-GIU 2AQ-TCA AAT TCA GA-GIUNH:
2AQWSSV-Ser 2AQ-TCA AAT TCA GA-SerNH:
2AQ-B1502-Lys 2AQOEOCCAGGTTOCLysNH:

2AQ-BI513-Lys 2AQ-CGAGCGOGATCCLysNH
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3.2.2.3 Purification and characterization of labeled acpcPNA probes

The crude PNA sample was dissolved in 120 pL MilliQ water. The solution was
filtered through a nylon membrane filter (0.45 pm) before being purified by reverse
phase HPLC performing on Water Delta 600™ system on an ACE 5 CI8-AR (150 x 4.6
mm) HPLC column, eluting with a gradient system of 0.1% TFA in methanol/water.
The HPLC gradient system consisted of solvent A (0.1% TFA in MilliQ water) and
solvent B (0.1% TFA in methanol). The elution started with AB (90:10) at flow rate
0.5 mLmin for 5 min followed by a linear gradient to AB (10:90) over a period of 70
min, then holding for 10 min before reverting back to AB (90:10). The collected
fractions (monitored with LV detection at 260 nm) were analyzed by MALDI-TOF VS
Fractions containing only the desired products were combined and the solvents
removed by freeze-drying to afford the purified PNA

3.2.2.4 Determination of PNA concentration

The concentration of labeled acpcPNA was determined by W
spectrophotometry on a GARY 100 Bio UV-Visible spectrophotometer (Varian, Inc,
USA) at B Cwith baseline subtraction. The labeled acpcPNA 2 pL was added to a
1000 pL solution of 10 M sodium phosphate buffer pH 7.0 in MlliQ water in a 10
mm path length quartz cuvette. The concentration was calculated from molar
extinction coefficient at 260 nm (Szs0) of the unlabeled PNA according to the web-
based software developed in-house [70], Molar extinction coefficients of the label
were determined  spectrophotometrically. The 1 mM stock solution of
1-hydroxyanthraquinone, 2-hydroxyanthraquinone and methylene blue were
prepared and diluted to 5, 10, 15, 20, 25 and 30 pM for absorbance measurement.
The slope of the plot between concentration and absorbance at 260 nM was the
molar extinction coefficient of the label ( 260 (VB) = 6.6 mL-pmol -cm\ s 260 (1AQ) =

21.1 L pmol *-cm ", s 260 (2AQ) = 22.7 mL pmol "-cm !) (see Figure Ae ).

3.2.2.5 PNA-DNA hinding properties

Hybridization property of the labeled acpcPNA were studied and compared
with unlabeled acpcPNA. The Tmmeasurements were performed on 260 nm on a
CARY 100 Bio UV-Visible spectrophotometer (Varian Ltd) equipped with a thermal
melt system by scanning and recording A260 in heating from 20 °Cto % C (heating
block temperature) with a temperature ramp of 1 °c/min and collect absorbance of
solution at 260 nm. The sample for the Tmmeasurement was prepared by mixing



21

oligonucleotide and PNA solution to give the final concentration of 1 pMin 10 mM
sodium phosphate buffer (pH 7.0) in 1000 pL Mlli-Q water in a 10 mm quartz cell.
The samples were equilibrated at the starting temperature for 10 min and cooled
down for 10 min after finished collect data. Melting temperature (Tm) was calculated
from the maximum of the first derivative of normalized absorbance at 260 nm as a
function of corrected temperature after smoothing using KaliedaGraph 36 (Synergy
Software). Tmvalues obtained from independent experiments were accurate to
within + 0.5 °c. Correct temperature and normalized ahsorbance are defined as
follows,

Correct Temp. (0.9696 X Tdok) - 0.6068
Normalized Abs. Absas/Abshit

The equation for temperature correction was previously obtained by
measuring the actual temperature in the cuvette using a temperatutre probe and
plotting against the set temperature (THGK from 20-95 °c. A linear relationship
Y=0978X - 0.6068 and R >0.99 was obtained [71],

3.2.3 Preparation of samples and buffers
3231 Preparation of stock buffer solution used in study of buffer effect

Citrate buffer solution

Ctric acid (GH0.7H:20) (555 ¢ 250 mmol) and trisodium citrate
(NasGeHCr2aHo ) (7.35 ¢ 25.0 mmol) were dissolved separately in water (25 L
each) to give solutions containing 10 M citric acid and 10 M sodium citrate,
respectively. Then, 575 mL of 10 Mitric acid and 6.75 ml of 1.0 M sodium citrate
were mixed together and the pH was adjusted to 4.6 with cone, hydrochloric acid or
6 Msodium hydroxice.

VES buffer solution

2-Morpholinoethanesulfonic acid (CsH3N04S) (0.98 g 5.0 mmol) was dissolved
in 5 mL of water to give L0 M MES The pH was adjusted to 7.2 with cone,
hydrochloric acid or ¢ Msodium hydroxide.

Tris:HQ buffer solution

Tris(hydroxymethyl)aminomethane (C:HNO3) (3.03 g, 25.0 mmol) and cone.
HJ (21 mL, 252 mmol) were dissolved separately in water (25 mL) to give 1.0 M
TrisHC and 10 MHC, respectively. Next, 8.30 mL of 1.0 MTris-HCl and 4.87 mL of
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10 MHJ were mixed together and the pH was adjusted to 7.4 or 8.0 with cone,
hydrochloric acid or s Msodium hydroxic.

Tris-Borate buffer

Acommercial stock solution of Tris-Borate-EDTA (IOx) (Fluka, consisting of 13
M tris(hydroxymethyl)aminomethane, 450 M boric acid and 25 M EDTAN& in
HO0) (10 ml) was diluted with 3 L of water to give a 10 M Tris-Borate stock
solution. The pH was adjusted to 9.0 with cone, hydrochloric acid or s Msodium
hydroxide.

3.2.3.2 DNA amplification by Loop-Mediated Isothermal Amplification (LAMP)

The LAVP samples were provided by Dr. Piyasak Chaumpluk (Laboratory of
Plant Transgenic Technology and Biosensor, Department of Botany, Faculty of
Science, Chulalongkorn University) and were used as received.  brief, the four
primers used in this WSSV sequence were WSSV F3, WSSV B3 WSSV AP, and WSSV
BP (see Table 2). The reaction mixture consists of 40 MTrs pHss, 20 MKQ,
16 MMSOs 02% Tween 20, 16 M betaine, 28 M dNTP, and s Bst DNA
polymerase and was incubated at 63 °C for 30 min. The successful formation of the
LAVP products was verified by standard 3% agarose gel electrophoresis after staining
with ethidium bromicle and visualized under a UV transilluminator.

Table 32 Primer sequences used in LAMP amplification of WSSV samples
(Chaumpluk, p., personal communication)

Primer name Primer Sequence (5’ to 3') Genomic position*
WSSV F3 ATC AAA AAA ATT GGA GAC TTG G 255368-255381
WSSV B3 CAT CAG AGG AAT AAC CTACATTC 255558-255580

WSSV AP GAC TGC CAAACAAAATAA GGC TTT TCAGAGTTT  255401-255418, 255448-
CTT CTT CCA TCG 255471

TGG GTT GGG GAT GAA CAT ACC AAT AAT AGG TG 255472-255492, 255529-
WSSV BP AGA AGT AAA AGG 255549

*With reference to sequence accession No. JX515788
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JX515788
255361 tttcttgatc aaaaaaattq gagacttggt atcatgagea gagtttette ttccatcgec

255421 aactttaaaa tigaacaaga gtcatcaaaa gccttatttt gtttggeagt ctggottggg

255481 gatgaacata cccctaaatt cagacttagt gtatggaaga actggaagcec ttttacttct
255541 geacctatta ttgtccagaa tgtaggttat tectctgatg ttttctggea tgaaactctt

255601 agaagcaaaa ttgttgatcy gtcaagggac ctgatagaaa caaaagtgac aaagaaaatt

3.2.3.3 DNA amplification by PCR

The DNA samples from HPV-positive and negative cell lines were amplified by
PR under supervision of Dr. Pattamawadee Yanatatsanegjit (Human Genetics
Research  Group, Department of Botany, Faculty of Science, Chulalongkorn
University). The PCR amplification of HPV type 16 required two primers (forward and
reverse, see Table 3). The reaction mixture consisted of 0.4 pM forward and reverse
primers, 50 ng/pL Cell-line (SHa) HPV type 16, 02 M dNTPs, buffer 10x, 15 mV

MyCL and 05 unitipL Taq polymerase. The PCR was performed for 35 cycles
involving dénaturation (95 °c, 10 min), primer annealing (% °c, 30 Sec to 52 Sec,
30 sec), followed hy extension of the annealed primers (72 °c, 30 sec) and final
elongation (72 °c, 7 min)

The PCR products were analyzed by 2% agarose gel electrophoresis after
staining with ethidium bromide and visualized under a uv transilluminator.

Table 3.3 Primer sequence used in PCR amplification [26]
Primer name Primer Sequence (5"t 3))

Forward primer CACTA  1GGAGGACTGGA
Reverse primer GCCTTARATCOCTGCTTGTAG
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3.2.34 Dénaturation of duplex DNA (dsDNA) samples before electrochemical
measurement

Two approaches were used to denature dsDNA samples: thermal or chemical
dénaturations.  the thermal method (for LAVP samples), the PNA sample was
prepared from the stock solution to give the final concentration of 50 nMin 10 M
Trs-HCI buffer (pH 8.0) (100 pL). After that, 1 pL of LAVP sample was added to the
solution. The mixture was heated to 90 °C for 10 min and slowly cooled down to
room temperature. Alternatively, 1 pL of the LAVP sample was prepared in 100 pL
of 10 mM TrisHC buffer (pH 8.0) and then heated to 90 °C for 10 min and rapidly
cooled down at 0 c. The PNA was immediately added to give the final
concentration of 50 nM PNA in 100 pL of 10 mM Tris-HCI buffer (pH 8.0).

For the chemical dénaturation method (for PCR samples), 5 pL of the PCR
sample was treated with 10 pL of 10 MNaOH for 5 min and then neutralized with
10 pL of 3 MNaOAc (pH 5.0). The PINA was added to give the final concentration of
50 nM PNA in 100 pL of 10 mM TrisHCI buffer (pH 8.0)

3.24 Preparation of electrodes and electrochemical measurements
324.1 Preparation of screen printed carbon electrode (5PCE)

The electrode was prepared as previously described [26], The screen-printed
block was made by Chaiyaboon Co. Ltd. (Bangkok, Thailand). Diethylene glycol
monobutyl ether and ethylene glycol monobutyl ether acetate (ratio 1:1) used as
binder solution in the carbon ink preparation step and nail polish was used as
insulator. PVA was used as screen substrate. The SPCE electrode consists of AyAqCl
(reference electrode and connecting pads), carbon (working and counter electrode)
and insulator. The AYAgCl was screened in the first step (2 times) followed by
carbon ink (2 times) and insulator (only once) on polyvinyl chloride (PVC). After each
screening step, the electrode was dried at 55 °C for 1hr.

Positively charged and negatively charged modified screen printed carbon
electrode were prepared similarly to the unmodified SPCE explained above, but with
the appropriate polymer added to the carbon ink mixture. The polymer was
prepared to have desired concentration and mixed with carbon ink in a ratio of
carbon ink, graphite powder, polymer solution and binder solution (1 ¢ 0.2 ¢ 0.35 ¢

1
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3.24.2 Electrochemical measurements

Electrochemical experiments were performed on PCSTAT 30 potentiostat
(Metrohm Siam Company Ltd, Switzerland) and controlled with the General Purpose
Electrochemical System (GPES) software version 4.9 (Econ Chemie BV, Utrecht, The
Netherlands) at Electrochemistry and optical Spectroscopy Research  Unit,
Department of Chemistry, Faculty of Science, Chulalongkorn University. The sample
was prepared by mixing calculated amount of stock DNA (duplex DNAs required prior
dénaturation, see 32.34) and PNA solution together to give the desired final
concentration in 10 mM TrisHC buffer (oH 8.0) (or other appropriate buffers for
studying the buffer effect) and the final volume was adjusted to 100 pL. The sample
solution (20 pb) was dropped onto the electrode covering working, counter and
reference electrode before the signal was measured by square-wave voltammetry
(V) (unoptimized parameters: frequency 30 Hz step potential 001 V and
amplitude 0.05 V). The electrochemical signal was obtained from the peak height
after baseline subtraction.

Moreover, the mechanism of electron transfer on each kind of electrode was
studied by measuring the signal of [Fe(CNers % (L mM) in 05 mM KO (20 pU) at
different scan rates by cyclic voltammetry (cv).
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