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Electrochemical behaviour of polymerase chain reaction (PCR) products

of human papilloma virus (HPV) 58 DNA was studied employing cyclic

voltammetry (CV) and square-wave stripping voltammetry (SWSV) on

a carbon fiber micro-electrode (CFME) in order to develop a simple

electroanalytical method to detect and determine HPV 58. This is to

seek a possible substitute method for the common technique of gel electro-

phoresis and fluorescent image analysis for its detection. An anodic

stripping peak that appears at -0.6 V (versus Ag/AgCl) was utilized for

the determination. Optimum conditions for the square-wave adsorptive

stripping analysis were found to be -1.0 V of deposition potential, 90 s

of deposition time, 150 mV of SW amplitude, 4 mV of step potential

and 120 Hz of SW frequency. A linear curve was obtained in a concen-

tration range of 0.01-0.23 mg/L. The relative standard deviations at

0.01, 0.05 and 0.09 mg/L of concentration were 3.1, 2.7 and 5.3 % (n = 5),

respectively at the optimum conditions. The detection limit (S/N) was

found to be 0.006 mg/L. The method was applied to determine HPV 58

DNA from a real sample from a patient infected for the diagnostic purpose.

Key Words: Human papilloma virus 58, Square-wave stripping

voltammetry, Cyclic voltammetry, Carbon fiber microelectrode,
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INTRODUCTION

Numerous reports have been appeared in the past1-34 on the human papilloma

viruses (HPVs) which belong to a group of small double-stranded DNA viruses

consisting of ca. 8,000 base pairs. These epitheliotropic viruses are associated with

both benign and malignant lesions and more than 80 different types of them have

been found to date from DNA sequence analysis and other methods20-22. They can

be classified into two major types2,5,12,19,23. Many of them, so-called high risk types

such as HPV 16, 18, 31, 33, 35, 39, 45, 51, 56, 58, 59, are oncogenic causing

cervical carcinoma1,2,6-8,22,24, broncopulmonary9 and other carcinomas3,10,23. On the
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other hand, the low risk types, such as HPV 6, 11, 42, 43, 44, 56, 61, 71, are benign.

Thus, the diagnosis of HPV infection is a very important part of medical practices.

During past few decades several assay methods to distinguish HPV-positive types

from HPV-negative types have been developed6-8,12-24 for cervical and other clinical

samples. For general detection of all HPV genotypes, general or consensus primer-

based polymerase chain reaction (PCR) assay methods have been developed13-19. In

order to detect an infection of a particular genotype of HPV DNA, various schemes

have been used including DNA sequence analysis20, restriction enzyme analysis21

and HPV type-specific hybridization of PCR products19,22,27. Most of these methods

with polymerase chain reaction (PCR) involve follow-up experiments with agarose

gel electrophoresis/fluorescence detection with ethidium bromide in order to analyze

images (band patterns) developed which are specific for particular HPV genotypes.

The analytical process of PCR products with this method of electrophoresis/fluore-

scence detection is very time-consuming and expensive. It normally takes hours to

prepare the gels and apparatus and to separate products with agarose gel electro-

phoresis and to visualize the patterns with UV illumination and an image analyzer.

Thus, the goal of this work is to search for a new, faster and simpler method for the

detection of HPV DNA from PCR products for mass clinical samples with a different

approach, namely employing electrochemical methods.

Electrochemical methods, voltammetric methods in particular, are generally

simpler and faster than spectroscopic or any other analytical methods35,36. Thus, in

order to enhance electrochemical current signals, we first amplified concentrations

of the HPV 58 specific DNA oligomers through a PCR reaction, then studied the

PCR products from the HPV 58 DNA using cyclic voltammetry (CV) and square-

wave voltammetry (SWV) in a stripping mode36. Stripping voltammetry has been

very popular in recent years because of its speed and sensitivity36. There are a number

of reports on the detection of DNA and DNA sensors with electrochemical methods

including several review articles37-39. The examples of application includes the

detection of hepatitis B virus40 with hybridization indicator methylene blue41, of

factor V Leiden mutation42, of the DNA of a Chinese medicinal herb43, of apolipo-

protein E genotypes44, of the HIV virus45 and others46-49. Many of these methods

involve the immobilization of particular oligonucleotides, which is complementary

to a target DNA and the subsequent hybridization which leads to the binding of

various electroactive indicators (such as metal complexes45 and intercalators or

groove binders43) in order to generate current signals from a redox reaction. On the

other hand, methods that depend on the intrinsic redox signals of DNA themselves,

i.e., without any indicators, have also been developed50-53 because DNA itself is

known to be electroactive38 - the guanine and adenine moiety are susceptible to

redox reaction. Such direct methods that can bypass the hybridization steps appear

to be more attractive. Additonal work on the various electrochemical sensing of

DNA can be found elsewhere54-58. Thus, in the present work, we produced particular

DNA oligomers (HPV 58 specific) from PCR reactions and tested its electrochemical
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properties and searched for conditions that can best produce stripping currents for

the direct determination of HPV 58 DNA with a square-wave anodic stripping

voltammetry on carbon fiber microelectrode (CFME)35; CMFE is suitable for a

small volume analysis and miniaturization. Optimum values of pH, deposition (accumu-

lation) potential, deposition time, square wave (SW) amplitude, square wave frequency

are reported for the determination.

EXPERIMENTAL

Cyclic voltammetry and square wave stripping voltammetry measurements were

performed using the CHI 660A electrochemical workstation (CH Instruments Inc,

Cordova TN, USA). A three-electrode system was used to record the voltammo-

grams. The working electrode was a carbon fiber micro electrode (CFME) of 4 µm

diameter. The reference electrode was a Ag/AgCl electrode (saturated KCl) and the

auxiliary electrode was a platinum wire.

Preparation of polymerase chain reaction (PCR) products of HPV 58 DNA:

As suggested in the work of Husnjak et al.15, we used two sets of consensus primers,

MY09/MY11 and GP5/GP615,16. The conditions of the amplification of HPV 58

DNA with the first PCR reaction for 450 base pairs are following. The PCR reaction

mixtures consist of a template of HPV 58 DNA and degenerate primers (MY09/

MY11) for the conserved PCR for HPV14-19: 5' primer (forward, MY11): 5'-GCM

CAG GGW CAT AAY AAT GG-3'; 3' primer (reverse, MY09): 5'-CGT CCM ARR

GGA WAC TGA TC-3'.

The PCR buffer was made of 0.75M Tris-Cl (pH 9.0), 0.15 M (NH4)2SO4, 1 mg/mL

BSA, 0.025 M MgCl2, Taq DNA polymerase, dNTP (dATP, dTTP, dGTP, dCTP),

distilled water.

The oligonucleotides primers were either synthesized in the laboratory with DNA

Synthesizer Vers. 03 (Polygen, Germany) or purchased from Metabion (Germany)

and MWG (Germany). The PCR reactions were carried out with 40 cycles of ampli-

fication using Thermocycler 9700 (ABI Biosystems, USA) after a first step of denatu-

ration at 95 ºC for 5 min. Each cycle includes a denaturation step at 95 ºC for 30 s,

a primer annealing step at 40 ºC for 30 s and a chain elongation step at 72 ºC for

1 min. The second amplification was done using another set of primers (GP5/GP6)

at the same conditions, except with 20 cycles of amplification. The base sequences

of primers were: 5' primer (forward, GP5): 5'-TTT GTT ACT GTG GTA GAT ACT

AC-3'; 3' primer (reverse, GP6): 5'-GAA AAA TAA ACT GTA AAT CAT ATT C-3'.

Preparation of working electrode and procedure for electrochemical mea-

surements:  The carbon fiber microelectrode has a dimension of 4 µm of diameter

and is 15 mm in length. The electrode was attached to a copper wire via silver

paint, then the fiber was inserted into a polyethylene tube of 0.3 mm diameter. The

electrode was sealed by heating and was cleaned by sonication for 3 min first in

acetone, then in nitric acid (1:1) and finally in double-distilled water. All solutions
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were prepared from triply-distilled water (18 Moh cm-1). Other standard stock solutions

were obtained from Aldrich and diluted as needed. The 0.1 M phosphate buffer

solution served as a supporting electrolyte. Three electrode system was immersed

into a 15 mL cell which contains 10 mL of 0.1 M Na3PO4 and 0.1 M (NH4)3PO4

buffer solution (pH 6.0). The pH of the buffer was adjusted with either 0.1 M HCl

or 0.1 M NaOH to various values as needed. PCR products of the HPV 58 DNA

solutions of 0.20 mg/L was spiked into the buffer solution for the electrochemical

measurements. Cleaning of electrodes was not necessary between measurements.

RESULTS AND DISCUSSION

Before assessing optimum experimental conditions for a sensitive determination

of HPV58 DNA with the square-wave stripping voltammetry, some general electro-

chemical behaviours of HPV 58 were investigated first with the common cyclic

voltammetric method35.

Cyclic voltammetry and effect of pH:  Fig. 1(A) shows cyclic voltammograms

of 0.20 mg/L HPV 58 solution at various pH values obtained at a scan rate of 130

mV/s. pH of the phosphate buffer was adjusted using hydrochloric acid and sodium

hydroxide. At pH 4, a cathodic peak appeared at about -0.68 V; then the peak potential

shifts to the positive direction as pH increases with a value of -0.43 V at pH 7. This

suggests that H+ is taken up in the reduction process. The cathodic peak is believed

to be a reduction of an oxidized guanine moiety because the starting potential was

sufficiently positive for an oxidation of guanine50,51. The anodic peak at 0.40 V at

pH 4, formed from the oxidation of guanine, behaved in a similar fashion yielding

a peak potential at 0.59 V at pH 7. The oxidation is a two-step mechanism involving

a total loss of 4 e– and 4 H+ from guanine50. Linear regression of the anodic peak

potentials vs. pH yielded an equation (y = 59.4x + 154). The observed slope of 59.4 mV

agrees very well with the theoretical value of 59.0 mV to support the mechanism of

4 e–/4 H+ reduction process.

In Fig. 1(B), the peak currents as a function of pH are plotted. As the pH value

increases from 4, both cathodic and anodic currents increases reaching maximums

at a pH value of 6, then they (the absolute values) decrease. Thus we selected this

pH value, 6, for other square-wave voltammetric measurements.

Cyclic voltammetry peak current at various HPV 58 concentrations: In

Fig. 2, peak currents at various concentration of HPV 58 solutions are plotted and

results from regression analysis is also given. Both anodic and cathodic peaks yielded

straight lines in a range of 0-0.4 mg/L. The anodic currents gave an equation of y =

0.2107 x and the cathodic current gave y = 0.1075 x with correlation coefficient of

0.9551 and 0.8848 respectively (y = current, pA; x = HPV 58 concentration, mg/L).

Since the reduction currents are twice as sensitive as the oxidation currents, we

choose the reduction peak, rather than the oxidation peak for the square-wave strip-

ping analysis.
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Conclusion

A simple method for detection and quantitation of HPV 58 DNA from PCR

product was demonstrated using square-wave stripping voltammetric measurement

at a carbon fiber microelectrode. This was accomplished by utilizing the

voltammetric reduction peak at around -0.6 V. Optimum analytical conditions for

the stripping method were determined. The electrode response was linear to the

HPV 58 DNA concentration within the range of 0.01 to 0.23 mg/L, with a detection

limit of 0.006 mg/L (S/N = 3) with 60 s of accumulation time. The coefficient of

variation at 0.01, 0.05 and 0.09 mg/L of concentrations were 3.1, 2.7 and 5.3 %

(n = 5), respectively, at the optimum conditions. The detection limit (S/N) was

found to be 0.006 mg/L. The method was applied to PCR products from real DNA

samples of squamous cervical cancer cell. The method is much simpler and faster

than the common electrophoresis/fluorescence detection method with the image

analysis of band patterns.

ACKNOWLEDGEMENTS

This study was supported by a grant of the Korea Health 21 R & D Project (02-

PJ1-PG11-VN01-SV03-0112), Ministry of Health and Welfare, Republic of Korea.

MHK thanks to the Korean Federation of Science and Technology Societies, the

Korea Research Foundation for the Brain Pool Program (031S4-9, 2003) and the

Writers Institute (GPC) for the Writing Grant (2006).

REFERENCES

1. F.X. Bosch, M.M. Manos, N. Munoz, M. Sherman, A.M. Jensen, J. Peto, M.H. Schiffman,

V. Moreno, R. Kurman and K.V. Shan, J. Natl, Cancer Inst., 87, 796 (1995).

2. G.Y.F. Ho, R. Bierman, L. Beardsley, C.J. Chang and R.D. Burk, New Eng. J. Med., 338, 423

(1998).

3. S. Tyring, Am. J. Med., 102, 1 (1997).

4. E.M. De Villiers, Curr. Top. Microbiol. Immunol., 186, 1 (1994).

5. J.S. Park, J. Kor. Gynecol. Soc., 41, 355 (1998).

6. S. Kado, Y. Kawamata, Y. Shino, T. Kasai, K. Kubota, H. Iwasaki, I. Fukazawa, H. Takano,

T. Nunoyama, A. Mitsuhashi, S. Sekiya and H. Shirawa, Gynecol. Oncol., 81, 47 (2001).

7. F. Luft, R. Klaes, M. Nees, M. Durst, V. Heilmann, P. Melsheimer, M. von Knebel Doeberitz, Int.

J. Cancer, 92, 9 (2001).

8. C. Uberti-Foppa, M. Origoni, M. Maillard, D. Ferrari, D. Ciuffreda, E. Mastrorilli, A. Lazzarin

and F. Lillo, J. Med. Virol., 56, 133 (1998).

9. C.E. Clavel, B. Nawrocki, B. Bosseaux,G. Poitevin, I.C. Putaud, C.C. Manjeonjean, M. Monteau

and B.L. Birembaut, Cancer, 88, 1347 (2000).

10. Z. Chen, K.A. Storthz and E.J. Shillitoe, Cancer Res., 57, 1614 (1997); S. Majewski and

S. Jablonska, J. Am.Acad. Dermatol., 36, 659 (1997).

11. Y. Kirii, S. Iwamoto and T. Matsukura, Virology, 185, 424 (1991).

12. F. Wang-Johanning, D.W. Lu, Y. Wang, M.R. Johnson and G.L. Johanning, Cancer, 94, 2199

(2002).

13. M. Evander and G. Wadell, J. Virol. Methods, 31, 239 (1991).

14. L. Gregoire, M. Arella, J. Campione-Piccardo and W.D. Lancaster, J. Clin. Microbiol., 27, 2660

(1989).

Vol. 21, No. 5 (2009) Voltammetric Analysis of Human Papilloma Virus 58 DNA  3517



15. K. Husnjak, M. Grce, L. Magdic and K. Pavelic, J. Virol. Meth., 88, 125 (2000).

16. W. Qu, G. Jiang, Y. Cruz, C.J. Chang, G.Y.F. Ho, R.S. Klein and R.D. Burk, J. Clin. Microbiol.,

35, 1304 (1997).

17. R.M. Resnick, M.T.E. Cornelissen, D.K. Wright, G.H. Eichinger, H.H. Fox, J. ter Schegget and

M.M. Manos, J. Natl. Cancer Inst., 82, 54 (1990).

18. P.J.F. Snijders, A.J.C. van den Brule, H.F.J. Schrijnemakers, G. Snow, C.J.L.M. Meijer and

J.M.M. Walboomer, J. Gen. Virol., 71, 173 (1990).

19. M.V. Jacobs, A.M. de Roda Husman, A.J.C. vanden Brule, P.J.F. Snijders, C.J.L.M. Meijer and

J.M.M. Walbomeers, J. Clin. Microbiol., 33, 901 (1995).

20. H.H. Smits, L.M. Tieben, S.P. TjongA-Hung, M.F. Jebbink, R.P. Minnaar, C.L. Jensen and J. ter

Schegget, J. Gen. Virol., 73, 3263 (1992).

21. O. Longmu, X.W. Sun, J. Felix, R.M. Richart, S. Silverstein and T.C. Wright, J. Am. Med.

Assoc., 267,  2493 (1992).

22. A.J.C. van der Brule, J.A.M. Walboomers, M. du Maine, P. Kenemans and C.J.L.M. Meijer, Int.

J. Cancer, 48, 404 (1991).

23. A. Kojima, H. Maeda, Y. Sugita, S. Tanaka and Y. Kameyama, Oral Oncol., 38, 591 (2002).

24. E.S. Song, C.H. Fang, S.O. Hwang, Y.K. Lim, M.W. Im, B.I. Lee, S.H. Park, T.S. Hwang and

J.K. Jung, J. Kor. Gynecol. Soc., 41, 875 (1998).

25. Y. Wu, Y. Chen, Yulong, L. Li, G Yu, Y. Zhang and Y. He, J. Clin. Virol., 35, 264 (2006).

26. Y. Li, Y Wang, C. Jia, Y. Ma, Y. Lan and S. Wang, Cancer Genet. Cytogenet., 182, 12 (2008).

27. K.H. Nam, H.H. Lee, D.H. Koo and K.H. Lee, J. Obstet. Gynecol. Res., 29, 192 (2003).

28. H.-C. Lai, M.-Y. Peng, S. Nieh, C.-P. Yu, C.-C. Chang, Y.-W. Lin, C.-A. Sun and T.-Y. Chu, Int.

J. of Gynecol. Cancer, 16, 730 (2006).

29. H. Lin, Y.-Y. Ma, J.-S. Moh, Y.-C. Ou, S.-Y. Shen, C.-C. Chang Chien, Gynecol. Oncol., 101, 40

(2006).

30. N. Sathish, P. Abraham, A. Peedicayil, G. Sridharan, S. John, R.V. Shaji and G. Chandy, J. Clin.

Virol., 31, 204 (2004).

31. T. Matsukura and M. Sugase, Virology, 324, 439 (2004).

32. T.C. Park, C.J. Kim, Y.M. Koh, K.H. Lee, J.H. Yoon, J.H. Kim, S.E. Namkoong and J.S. Park,

DNA & Cell Biol., 23, 119 (2004).

33. L.-W. Huang, S.-L. Chao, P.-S. Chen and H.-P. Chou, J. Clin. Virol., 29, 271 (2004).

34. K. Orjuela, C. Amador and M.A. Patarroyo, Diag. Micr. Inf. Dis., 59, 101 (2007).

35. P.T. Kissinger and W.R. Heineman, Laboratory Techniques in Electroanalytical Chemistry, Marcel

Dekker, Inc., New York, edn. 2 (1996).

36. J. Wang, Analytical Electrochemistry, Wiley, edn. 2 (2000).

37. M. Mascini, I Palchetti and G. Marrazza, Fresenius J. Anal Chem., 369, 15 (2001).

38. E. Palecek and F. Jelen, Crit. Rev. Anal. Chem., 32, 261 (2002).

39. J. Wang, in eds.: A. Brajter-Toth and J.Q. Chambers, Electrochemical DNA Biosensors, Elec-

troanalytical Methods for Biological Materials, Marcel Dekker, New York, p. 27 (2002).

40. D. Xu, K. Huang, Z. Liu, Y. Liu and L. Ma, Electroanalysis, 13, 882 (2001).

41. A. Erdem, K. Kerman, B. Meric, U.S. Akarca and M. Ozsoz, Anal. Chim. Acta, 422, 139 (2000).

42. M. Ozsoz, A. Erdem, K. Kerman, D. Ozkan, B. Tugrul, N. Topcuoglu, H. Ekren and M. Taylan,

Anal. Chem., 75, 2181 (2003).

43. T.M.H. Lee and I.-M. Hsing, Anal. Chem., 74, 5057 (2002).

44. G. Marrazza, S. Tombelli, M. Mascini and A. Manzoni, Clin. Chim. Acta, 307, 241 (2001).

45. J. Wang, X. Cai, G. Rivas, H. Shiraish, P.A.M. Farias and N. Dontha, Anal. Chem., 68, 2629

(1996).

46. J. Wang, D. Xu, A.-N. Kawde and R. Polsky, Anal. Chem., 73, 5576 (2001).

47. J. Mbindyo, L. Zhou, Z, Zhang, J.D. Stuart and J.F. Rusling, Anal. Chem., 72, 2059 (2000).

48. T. Kubicarova, M. Fojta, J. Vidic, L. Havran and E. Palec, Electroanalysis, 12, 1422 (2000).

3518  Ly et al. Asian J. Chem.



49. J. Wang, D.H. Grant, M. Ozsoz, X. Cai, B. Tian and J.R. Fernandes, Anal. Chim. Acta, 349, 77

(1997).

50. Z. Wang, D. Liu and S. Dong, Electroanalysis, 12, 1419 (2000).

51. (a) H.-S. Wang, H.-X. Ju and H.-Y. Chen, Electroanalysis, 13, 1105 (2001); (b) H.-S. Wang, H.-

X. Ju and H.-Y. Chen, Anal. Chim. Acta, 461, 243 (2002).

52. J.-T. Wu, Y. Huang, J.-Z. Zhou, J. Luo and Z.-H. Lin, Bioelectrochem. Bioenerg., 44, 151 (1997).

53. D. Ozkan, A. Erdem, P. Kara, K. Kerman, B. Meric, J. Hassmann and M. Ozsoz, Anal. Chem.,

74, 5931 (2002).

54. M. Tomschik, F. Jelen, L. Havran, L. Trnkova, P.E. Nielsen and E. Palecek, J. Electroanal.

Chem., 476, 71 (1999).

55. J. Wang, X. Cai, G. Rivas, H. Shiraish and N. Dontha, Biosens. Bioelectron., 12, 587 (1997).

56. J. Wang, G. Rivas, J.R. Fernandes, J.L. Lopez Paz, M. Jiang and R. Waymire, Anal. Chim. Acta,

375, 197 (1998).

57. A.B. Steel, T.M. Herne and M.J. Tariov, Anal. Chem., 70, 4670 (1998).

58. A.A. Thorp, Trends Biotech., 16, 117 (1990).

(Received: 19 May 2008;          Accepted: 7 February 2009)           AJC-7219

Vol. 21, No. 5 (2009) Voltammetric Analysis of Human Papilloma Virus 58 DNA  3519

VIPSI-2009 VENICE

27 — 30  SEPTEMBER  2009

VENICE, ITALY

Contact:

Dr. Veljko Milutinovic

e-mail:venice@internetconferences.net


