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Abstract

In this study, the biomolecular interaction occubetiveen nucleic acids and Capsaicin (CPS), theeactimpound in
chilli peppers, which has been reported to haveatiinogenic properties, was investigated for thet fime herein
using disposable electrochemical biosensor. lirieed to perform the surface-confined interactiobmeen CPS and
different types of nucleic acids and under this ,athe experimental conditions were optimized; sush the
concentration of CPS and DNA, DNA immobilizaton time ameéraction time etc. The detection limit (DL) of DNA
was estimated based on guanine oxidation signélerimear concentration range of DNA from 1 to 5 pg/mhd it
was found to be 0.62 pg/mL. The effect of time-defeerh manner from 1 min to 30 min on the interactbrCPS
with nucleic acids was explored upon to the changgsianine signal coming from double stranded DNA aDNA

as well as PCR samples.The interaction of CPS withbldostranded DNA was also determined by agarose gel

electrophoresis.

Keywords: Capsaicin; DNA interaction; electrochemical DNA $gmsor; differential pulse voltammetry; pencil

graphite electrode; agarose gel electrophoresis

Abbreviations used: CPS, Capsaicin; cDNA, complemetary DNA; dsDNA, Dleubstranded DNA;
PCR, Polymerase chain reaction; PBS, Phosphatertadfine; ABS, Acetate buffer solution; DPV, Ditatial
pulse voltammetry; PGE, Pencil graphite electrddeR-GCE, Fullerene modified glassy carbon electrdle
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1.Introduction

There has been an increasing interest in electroicia devices for DNA biosensing since they allow a
lot of advantages like simple, fast, and sensitimalysis with using of inexpensive equipment. Etdiemical
DNA biosensensor technologies represent anothepriiaupt subject which is the development of fast and
accurate methods of DNA damage detection, espgdaialised by anticancer drugs or hazardous compounds
And also the ways in which drugs interact with DN&ith the goal of understanding the toxic as weall a
chemotherapeutic effects of many molecules. Theraction of matters with DNA is important topic fstudies
in drug discovery and pharmaceutical developmentgsses. The mostly known intercalation and groove
binding are the two most common modes by which kmalecules bind directly and selectively to double
stranded DNA (dsDNA) [1,2]. The binding interactiprwhichare the topic of several electrochemicadlists,
result in structural change of both DNA and mattedrug molecules to accomodate complex formatie6][

The observation of the pre and post electrochersigalals of DNA or matter interaction provides good
evidence for the interaction mechanism to be ehteid. Intercalation, which is an enthalpically drivprocess,
results from deinsertion of a planar aromatic reygtem between dsDNA base pairs with accompanying
unwinding and lengthening of the DNA helix [7-11].

Capsaicin which is a homovanillic acid derivatig&niethyl-N-vanillyl-6nonenamide) that has been
used in food additives and various pharmaceuticadycts. Thus, there is a need for development of
conventional methods for montioring CPS and iteriattion with (bio) molecules [12-27].

Under various names such as chilli pepper, red greggaprika etc. has a great deal of attentiors as
chemo-preventive agent against cancer [12]. Inrdgsrd there is many studies that show the argeraactivity
of capsaicin. For example leukemia cells [13], iplét myeloma cells [14], cutaneous cell carcinorh] |,
tongue cancer cells [16] , gastric cancer celld,[pancreatic cancer cells [18], small cell lunghaar [19],
breast cancer cells [20] and prostate cancer [Zllsetc. are some of the studies which explaindffect of
Capsaicin on cancer cells.

Genotoxicity of Capsaicin (CPS) is another inténgstesearch topic. Toth et al., in 1984, show the
genotoxicity of CPS in a study. CPS was foundearutagenic in Salmonella typhimurium strain TAif&he
presence of Aroclor induced rat liver S9 fracti@2]| whereas another study in which S9 from pheriuntz-
induced rats was used for metabolic activation megative [28]. And also Richeux et al. in 1999, wl@nice
results of the comet assay and DNA fragmentatisayathat capsaicin is able to induce DNA damadaiiman
neuroblastoma cells. They get a result as; DNA dgniacreased with the concentration of capsaitios t
indicating that capsaicin is able to induce DNAgéinstrand breaks [29].

Qais et al. [30] investigated the spectroscoptea®n of interaction between CPS and calf thymu
DNA using UV-vis absorbance spectra and fluoureseespectra thatthat indicates the formation of demp
between CPS and DNA. It was concluded that theant®n mechanism of CPS with calf thymus DNA would
be reported as non-intercalative groove binding.

To understand the interactions between capsaidnDdA, one of the preferred technique in recent
years are electrochemically biosensors. Principlgperation of these type biosensors are basicddlyices that
integrates an nucleic acid as the biological rettmgnelement and an electrode as the electroctarmsignal
transducer [31]. More generally, chemical sensoesdavices which transform (bio)chemical stimuleenf an

analyte in relation into analytically useful infoation. As we mentioned before this type measurmaetisct the
3
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analytes more rapidly, sensitively and selectij8-33]. The recent studies present increasing raddgas of
such sensors day by day. There are several ptiblisaabout the easy use and low cost of electroaiad
biosensors [34-37]. For future development in dbighnologies, electrochemical biosensors are pesffeery
much because of the easy manipulation and applicatssibilities [38,39].

The aim of our study is voltammetric detection led interaction between CPS and double stranded DNA,
cDNA from total RNA isolated from Huh7 human hepaitular carcinoma cell line and PCR samples. The
surface confined interaction of CPS with differéype of nucleic acids was investigated by dispasadancil
graphite electrode (PGE) in combination with diffietial pulse voltammetry (DPV) for the first time the
literature. Firstly, the experimental conditionsgls as; CPS and DNA concentration, DNA immobiliaattime
onto the surface of PGE and interaction time weténnzed in order to find the optimum analyticakfoemance
upon electrochemical detection of the interacticnuned between CPS and DNA. The interaction proeess
evaluated based on the changes at oxidation sigh&@l®S and guanine oxidation signal of dsDNA itinae-
dependent manner as well as the study performetDNA and PCR samples while measuring the changes at
guanine signal. The electrophoretic studies wese performed in our study to confirm the interactaf CPS

with PCR samples.
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2.Experimental
2.1. Apparatus

For differential pulse voltammetry (DPV) measuretsewere carried by using AUTO-LAB PGSTAT 30
electrochemical analysis system supplied with GRESsoftware package (Eco Chemie, The Netherlardss).
measurements were performed in the Faraday cage@kemie, The Netherlands).The three electrodesyst
consisted of the PGE, an Ag/AgCl/3M KCI referenteceode (BAS, Model RE-5B, W. La- fayette, USA)an
a platinum wire as the auxiliary electrode. As &bofor the graphite lead (Tombow 0.5 HB, JapaRo#ing
Pencil model (Germany) was used. Electrical contattt the lead was obtained by soldering a metaliie to
the metallic part. During each measurement, thecipégad was held vertically with 10 mm of which sva

immersed into the solution.

2.2. Chemicals

CPS was purchased from Sigma-Aldrich (Gemany). ISsmdution of CPS (1000 pg/mL) was prepared in
ethanol and kept in dark. Diluted solutions wereparred in 0.05 M phosphate buffer saline contai@@gnM
NaCl (PBS, pH 7.40). The calf thymus dsDNA was pased as lyophilized powder from Sigma. The stock
solutions of dsDNA were prepared as 1 mg/mL conmegion with Tris—EDTA bifer solution (10 mM Tris—
HCI, 1 mM EDTA, TE, pH 8.00) and kept frozen. Mdatitute solutions of dsDNA were prepared with 0.50 M
acetate bffier solution containing 20 mM NacCl (ABS, pH 4.80).

All stock solutions of buffers were prepared witlrapure water.

Other chemicals and equipments were obtained frigm& Aldrich (Germany) and Merck (Germany).

2.3. Preparation of cDNA and PCR samples

Total RNA was isolated from Huh7 human hepatocatidarcinoma cell line using High Pure RNA
Isolation Kit (Roche Applied Science) according rnufacturer’s instructions. RNA concentrations ever
determined by measuring the absorbance at 260 nen spectrophotometer (Nanovette, Beckman Coulter).
cDNA was synthesized from total RNA using TranstnigHigh Fidelity cDNA Synthesis Kit (Roche Applied
Science). Polymerase chain reaction (PCR) was ipeeid using Taq PCR kit (New England and Biolabg) an
thermal cycler (Techne).

18S ribosomal 5 (RNA 18S5) spesific primer sequeneged in PCR are 5- CGA CGA CCC ATT
CGA ACG TCT-3' and 5-G CTA TTG GAG CTG GAA TTA CC@’ to generate 312 bp product. GC content
of PCR product is 54%. 18S rRNA plasmid cDNA (NR3P86.2) was obtained commercially from Thermo
Scientific. The length and the GC content of cDNg&di in this study are 1869 bp and 56%, respectively
2.4, Procedure

The experimental procedure on electrochemical tietecf biointeraction of CPS with nucleic acids

(presented in Scheme 1) was comprised of thres:sfCPS immobilization and its detection at the stefaf
PGEs, {i) the immobilization of the nucleic acids and ittettion cycle, andi() electrochemical investigation
of the surface confined interaction between CPSrauudeic acids (e.g, dsDNA, cDNA and PCR samplesha

surface of PGEs. All experiments were carriedadubom temperature.
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Scheme 1Experimental presentation for the immobilization@®S and nucleic acids at the surface of PGEs,

and electrochemical detection of interaction betw€PS and nucleic acids at the surface of PGEs.

2.5. Preparation of the PGEs
PGEs were pretreated by applying a potential of48¥ for 30 s in ABS (pH 4.80). These pretreated

electrodes were used for further experiments.

2.6.CPSimmobilization on to the surface of PGEs and electrochemical detection of CPS
Each pretreated electrodes were dipped into 106fpéquired amount of CPS solution and kept during
required time for immobilization. After rinsing inobilized electrodes with ABS (pH 4.80) for 5 s,

measurements were performed.

2.7.Surface confined interaction of CPSwith nucleic acids at the surface of PGEs

The PGEs were immersed into the vials containing 10 of 80 pg/mL dsDNA solution in ABS (pH
4.8) for 4 h Each of the electrodes were then dnsgh ABS (pH 4.8) for 5 s before interaction wigPS.
Nucleic acids immobilized electrodes were immerg#d the vials containing 100 puL of 0.5 pg/mL CPS
solution and allowed to interact. Then, each eteldrwas rinsed with ABS for 5 s before voltammetric

transduction.

2.8. Voltammetric transduction
DPV measurements were performed for detection dd @Rd guanineoxidation signal in ABS (pH

4.80) by scanning between0.00 V and +1.40 V aptiiee amplitude; 50 mVand the scan rate; 50 mV/s.
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2.9. Gel Electrophoresis

Nondenaturing agarose (2%) gels were prepared BB béffer. The samples (PCR samples/ capsaicin
samples/ capsaicin-incubated PCR samples, with @25romophenol blue in water, threated with diffdére
interaction time as 30, 15, 5 and 1 min, which weealed into the wells. Then, electrophoresis vaasied out
in TAE buffer for 1 h at 100 V. Finally, 2 % ethigh bromide (EtBr) stained DNA was visualized and
photographed.
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3. Results and Discussion

The effect of DNA concentration upon to biosenssponse was studied in the presence of different
dsDNA concentration varying from 20 to 100 pg/mL dyplying 30 min immobilization time (Fig.1). Theer
was a gradual increase at guanine signal measutbd potential of + 1.019 V in DNA concentraticange of
20 - 80 pg/mL and the highest guanine signal waasomed as 2503.2 + 293.4 nA (RSD%, 11.7 %, n=5). A
decrease at signal was recorded at 100 pg/mL DNwvearttration. Therefore, 80 pg/mL was chosen asnoypti
for dsDNA concentration (Fig 1.)
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Figure 1.Voltammograms (A) and histograms (B) representhmgy dxidating signals of dsDNA depending on
different concentration range. Control experimeithWwGE in ABS (a), the guanine oxidation signal2af
pa/mL(b), 40 pg/mL (c), 60 pg/mL (d), 80 pg/mL (2P0 pg/mL (f) dsDNA after 30 min DNA immobilizatio

time.

Next, the effect of DNA immobilization time upon tosensor response was investigated. For thisogerp
80 pug/mL dsDNA was immobilized onto PGE by applydifferent immobilization times varying from 15 min
to 6 h (Fig. 2). In the presence of 4 h duratiorDdfA immobilization time, the highest guanine sagmwas
measured (i.e, 5145.0 + 509.1 nA (RSD%, 9.9 %,)rel shown in Fig. 2-h). When DNA immobilization
performed for 6 h, a decrease at guanine signalreearded in comparison to the result observed foh

duration of DNA immobilization time (Fig. 2-i).
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Figure 2. Voltammograms (A) and histograms (B) representing guanine oxidation signal of 80 pg/mL
dsDNA obtained by DPV. Control experiment with PG, the guanine oxidation signal after immobiliaat
of dsDNA onto the PGE surface during 15 (b), 30§6€)(d), 90 (e), 120 (f), 180 (g), 240 (h) and 36 (i).

The guanine oxidation sighal was measured in diffedsDNA concentration varying from 1 to 5 pg/rihe
resulting calibration plot is shown in Figure SlccArding to the method described by Miller and #fil[40],

the detection limit (DL) was calculated in the Bmeconcentration range from 2 to 5 pg/mL and fotmdbe
0.62 pg/mL. This DL value is lower than the onedaoied by modified graphite electrodes; such as,
poly(methyl methacrylate)—graphite microcompositecgode (i.e, 1.0 pg/mL) [41] and chitosan-SWCNT
composite modified PGE (i.e, 6.85 pg/mL) [42].

Next, the effect of interaction time of 0.5 pg/mlP& and 80 pg/mL dsDNA was studied during different
interaction times varying from 1, 5, 15 and 30 r{iig. 3). The oxidation signal of CPS and guanireren
measured at the same voltammetric scale beforafiedinteraction process at the potential of +10.% and

+ 1.019 V, respectively. Then, the changes at sighals of CPS and guanine were evaluated in tedfms
interaction process and these results were giva@alie 1.

Based on the three repetitive measurements, thiatiomn signal of guanine was measured as 49718D2hA
(RSD %, 9.8 %, n=12) before DNA interaction with&RVhen the interaction time was applied as 30 thim,
average signals of CPS and guanine were measispécterely as 551.8 + 193.5 nA (RSD %, 35.1%, rer@)
4350.3 = 321.6 nA (RSD %, 7.4 %, n=6), and accaigirthere was a highest decrease (i.e, 12.5 ¥%grobd at
guanine signal in 30 min interaction time.



As it has been previously reported by Richeux et[20] and Lewinskaa et al. [43], CPS is ablenmguice DNA

strand breaks in a concentration dependent manner.
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Figure 3. All voltammograms represents the results betweérmBnLdsDNA and 0.5 pg/mL CPS interactions
on different times. (a) CPS oxidation signal befarteraction, (b) guanine oxidation signal befimteraction,
(c) CPS signal after interaction, (¢’) guanine sigafter interaction process that performed onéoRIGE surface
during (A) 1 min, (B) 5 min, (C) 15 min, (D) 30 min

According to our results, there was an increagheatiecrease ratio % obtained at guanine signahwhegace-
confined interaction of CPS with DNA was performeda time-dependent manner from 1 min to 30 min.
Similarly to earlier reports [29,43], this phenonzarcould be possibly explained herein that more CPS
interaction with DNA was occured due to increasengtraction time of CPS and accordingly, it may b

resulted with a more DNA damage.
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Table 1. The oxidation signals of CPS and guanine beforeadisd different interaction times and the decrease

ratios after interaction process between CPS ablds

CPS signal ) Guanine Signal Decrease
_ CPS signal Decrease %
Interaction Before _ ) After % at
) ) ) After interaction at CPS ) )
Time interaction ) Interaction Guanine
(nA) Signal )
(nA) (nA) Signal
1 min. 1448 +37.5 48.0+15.3 66.6 % 4762.0 £590|1 %.2
5 min. 349.9+75.9 162.0+71.9 53.7 % 4627.8 £450.9 %.9
15 min. 956.8 + 257.2 452.4 +85.0 52.6 % 4489.0£5254  79.
30 min. 1573.3+424.4 551.8 £193.5 64.9 % 4350.3 £321.6 125%

In order to see the interaction of CPS with cDNAyadch of experiments was performed. Then the actem
between 0.5 pg/mL CPS and 80 pg/mL cDNA was ingagtid by applying 5 min interaction time. Beforela
after interaction process, the average guanineatigiol signal was respectively found to be 716153%.0 nA
(RSD %, 1.8 %, n=2) and 5896.5 + 665.3 nA (RSD %2 26, n=2). A decrease about 17.6 % was recortled a
guanine signal after surface confined interactibtcBS with cDNA. Additionally there was 58.2 % dease
obtained at CPS signal.
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Figure 4Voltammogram (A) and histogram (B) representing di@nine oxidation signals of 80pg/mL cDNA
and 0.5 pg/mL CPS oxidation signal before and &teminute interaction. The oxidation signal of CiSore

(a), after (@) interaction. The guanine oxidatgignal before (b), after (b’) interaction.

The interaction between 0.5 pg/mL CPS and 80 pg?@R sample was also investigated in different audton

time varying from 1, 5, 15 and 30 min (Fig. 5). Tdwedation signal of CPS and guanine were measoieéale
11
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and after interaction process and then, the chaagt® signals were evaluated in terms of inteyagirocess
and given in Table 2. As seen from table 2, theas & gradual decrease at guanine oxidation sighahw
interaction time increased similar to decrease mieskat CPS signal (shown in Table S1).
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1 min Smin | 15min | 30 min

Figure 5.Histograms representing the average oxidation Egsfaguanine and CPS before and after interaction
between 0.5 pg/mL CPS and 80 pg/mL PCR sample. iBaiaxidation signal (a) before, (') after intdian
with CPS during 1, 5, 15 and 30 min. CPS oxidasigmal (b) before, (b") after 1 min interaction) pefore, (¢’)
after 5 min interaction, (d) before, (d’) after &bn interaction, (e) before, (e’) after interactidaring 30 min.
onto the surface of PGE (n=3).

In order to confirm the interaction between CPS andleic acids by using a well-known method likd ge
electrophoresis, a batch of experiments was peddrmvhen the interaction time of CPS with DNA was
increased from 1 min to 30 min, a decrease atiethithromide intensity was observed in comparisotihé&one

of PCR samples (Fig. 6). This decrease indicaisdathidium bromide is removed from DNA bindintgsidue

to a possible binding of CPS to DNA as similiaryported in earlier work [30].

12
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Fig. 6. Nondenaturing agarose (2%) gel electrophoresisOofi@mL PCR sample without capsaicin (312 bp,
lane 1), 0.5 ug/mL capsaicin (lane 2) and 0.5 jLgdapsaicin-incubated PCR samples (80 pug/mL) duBidg
15, 5 and 1 min (lane 3, 4, 5 and 6, respectivély0 bp DNA ladder.

Table 2. The oxidation signals of guanine before and aftéferént interaction times and the decrease ratios

after interaction process between CPS and PCR sampl

Interaction Time

Guanine Signal After Interaction
(nA)

Decrease % at Guanine Signal

1 min. 4366.0 + 816.0 0.4 %
5 min. 4229.6 +736.3 3.5%
15 min. 3626.3 £ 858.2 17.2%
30 min. 3570.6 £115.8 185 %

The value of the percentage at guanine peak hailghhge(S%) was calculated herein according to the

literature, [44] which is the ratio of the guanimeak height after the interacti¢®) and the guanine peak height

before the interactio(t,) as in following Eq. (1):

S% = (S5/S)x100

13

Eq.(1)
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Thus, the DPV signal of the sensor in the absehtieecanalyte served as a “blank” or 100%. Conwearily, if
a sample had S > 85%, it was considarentoxic. If S% was between 50 and 85, it was considemnedkrately

toxic and if S < 50%, it was considertmkic [44].

Table 3. S %values calculated according to the results obthbefore/after CPS interaction with dsDNA and

PCR samples in different interaction times varying 30 min.

Interaction time S%
(min) dsDNA PCR samples
1 95.7 99.5
5 93.0 96.5
15 90.2 82.7
30 87.5 81.4

It is known that the dsDNA has 1000 base pair witt® mole G-C %, while PCR sample has 312 basenithir
54 mole G-C %. According to interaction time stymyformed with CPS and dsDNA (containing 41.9 n®le
C %) or PCR samples (containing 54 mole G-C %),nme oxidation signal was decreased. There was an
when the intenatime of CPS with DNA was increased from 1 nin30

increase at the decrease ratio %

min. In parallel to these results, a decrease Vgasracorded at S % value. Similiar to the previsuglies on the
genotoxicity of CPS [29,43], possible DNA damagelldabe occured in the case of a longer interactiioe
between CPS and DNA (or, in a higher CPS concéotasince CPS is able to induce DNA strand breaks

concentration dependent manner resulting with aipessDNA damage.

14
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4. Conclusion

Through this work, the single-use graphite eleasydPGEs were used for the first time herein deoto detect
voltammetrically the interaction of Capsaicin withcleic acids based on the changes at the oxidatgmal of
guanine. The voltammetric detection of surface io@af interaction of CPS with calf thymus doubleastted
DNA as well as cDNA and PCR samples was explorgdraing to the changes at guanine signal in theemiee
of various interaction times. An increase at therease ratio % was obtained when the interactioe tf CPS
with DNA was increased from 1 min to 30 min. Moreov S % values [44] were calculated for the studiging
dsDNA and PCR samples, and a decrease was recsirdilidrly at S % value.

Moreover, the interaction of CPS with double stiesh DNA was also determined by agarose gel
electrophoresis. Thus, our voltammetric resultsewfeund in a good agreement with the electropho@ies. A
decrease at ethidium bromide intensity was recoidecbntrast to the one obtained by PCR samplesewhi
increasing the incubation time of CPS with PCR dampecause of a possible binding of CPS to DNAnas
reported in a earlier work [30]. It was concludédttthe electrochemical monitoring of the interactbetween
CPS and nucleic acids by PGE is easy to handld;effextive and more rapid assay in contrast t® th
electrophoretic assay.

In comparison to the results of earlier studieatesl to electrochemial detection of interactionnesn
DNA and small molecules or drugs, which were perfed by using nanomaterials modified electrodesh sis¢
fullerene modified glassy carbon electrode (FLR-GCE5], SWCNT-Chitosan polymeric composite
nanostructure modified PGE [42], our assay was ldeeel in this present study by single-use PGE tedwlith
a sensitive and cost effective monitoring of intéien between CPS and DNA without any surface nication
or chemical treatment applied to the electrode 48p-In the terms of preparation, nanomaterials ifrext!
electrodes are expensive and time consuming itrasirto the PGEs presented in our study.

The development of electrochemical biosensors fonitaring of nucleic acid interactions have a key
importance in order to develop novel biotechnolabitools to the point of care diagnosis. Such typés
investigations could yield for probing the mechamisf the interaction between drugs/toxins/chemicaid
DNA. Therefore, they can provide a knowledge taifylahe effects of matters on nucleic acids, sat ttihey

provide new opportunities for effective treatmentoancer.
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