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Abstract

SYBR green-I dye (SG) based fluorescence assay for screening antimalarial compound is based
on direct quantitation of parasite DNA. We show that DNA interacting cationic cell penetrating
peptides (CPPs) and intercalating agents compete with SG for binding to DNA. Therefore,
readouts of this assay, unlike [*H]hypoxanthine incorporation assay, for antimalarial activity of
above DNA binding agents could be erroneous. In case of CPPs, false readouts can be improved

by removal of excess peptide.
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Malaria continues to be a major public health problem in the 21* century. More than 200 million
cases of malaria were reported in 2012 and the emergence of new drug resistant strains of
Plasmodium further makes the situation more critical and alarming (1, 2). Chemoresistance, drug
monotherapies, easy availability of substandard drugs, genetic polymorphism, efc. are some of
the major causes of parasite drug resistance (3, 4). Thus, it is imperative to identify new
antimalarial agents. For antimalarial drug screening, [*H]hypoxanthine incorporation assay has
been a gold standard (5), while parasite lactate dehydrogenase (pLDH) (6) and histidine rich
protein II (7) based assays are other widely used methods. However, these assays are expensive,
involve multistep procedures and thus difficult to utilize for high-throughput screening (8, 9).
SG-based fluorescence assay is a recently developed high-throughput screening method which
has been reported to be as sensitive as the [’H]hypoxanthine incorporation assay (8, 10). It has
been extensively validated and compared with other known methods and is commonly being

used for high-throughput antimalarial drug screening (9, 11-13).

Peptides and DNA intercalating agents have been widely tested for their antimalarial activity
(14-17). Some cell penetrating peptides (CPPs), e.g. TP10 (18), and a number of DNA-
intercalators have been shown to have antimalarial activity (16, 17). Interestingly, CPPs, like Tat,
Penetratin and TP10, have been demonstrated as efficient agents for delivery of bioactive
molecules across the plasma membrane barrier (19). CPPs have also been shown to traffic to the
nucleus and bind to the target DNA, forming peptide-DNA complexes (20, 21) . Since SG, CPPs
and intercalating agents bind to DNA, the aim of the present study was to evaluate the suitability
of a SG-based fluorescence assay for determining antiplasmodial activity of DNA binding
agents. CPPs, Tat, Penetratin, TP10, P3, P8 (19, 22) and control peptides (Table 1) were

synthesized from USV peptides, Mumbai (India) with more than 95 percent purity. TP10 is a
3
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broad spectrum antiparasitic CPP (18), while Tat has been shown to be non-toxic (at 50 uM) to
Plasmodium parasite (23). Synchronized P. falciparum 3D7 cultures at 2 percent parasitemia and
2 percent hematocrit were lysed (10), treated with varying concentrations (6.25 uM to 100 uM)
of Tat, Penetratin, TP10 and control peptides (CP1 and CP2), followed by incubation with SG
dye. Binding of these cationic CPPs with parasite DNA and their effects on SG dye binding was
analysed. A dose dependent decrease in SG fluorescence was observed in case of Tat, Penetratin
and TP10 (Fig. 1A). In [*H]hypoxanthine incorporation assay, like control peptides, both Tat and
Penetratin did not show any antiplasmodial activity up to 100 pM, while TP10 exhibited dose
dependent antiplasmodial activity (Fig. 1B). On the other hand, SG-based fluorescence assay,
performed under similar conditions, showed antiplasmodial activity (reflected by SG-DNA
binding inhibition) for all peptides, except for control peptide (Fig. 1C). Similar results were also
observed with other CPPs, P3 and P8 (Supplementary Fig. S1). As CPP mediated-inhibition is
observed at higher concentrations, we analysed whether these anomalous growth inhibition
results, obtained for cationic CPPs in SG based fluorescence assay, can be corrected by removal
of excess peptide from the wells before addition of the SG dye. After 48 h of treatment with
CPPs, supernatant containing excess peptide was removed and cells were washed once with
malaria complete medium (24) before adding SG dye. As observed in Fig. 1D, significant
correction in false readout could be observed where the results were now comparable to that of
[*H]hypoxanthine incorporation assay (Fig 1B). One of the merits of the SG dye-based assay,
originally emphasized (25) and subsequently followed in a number of studies (10, 11) is the
rapidness of the assay by using a single reagent and avoiding multiple washing steps. Unlike
these reports, in the case of cationic CPPs, we noticed that removal of supernatant (containing

excess peptide) before addition of lysis buffer containing SG dye significantly reduced the false

4
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readout of antiplasmodial activity of cationic CPP. In one report, in vitro antiplasmodial activity
of cationic undecapeptides was tested using SG-based fluorescence assay, where before adding
lysis buffer containing the SG dye supernatant was first removed after treatment for checking
peptide caused hemolysis of the treated cells (26). Although, in that report the antimalarial
activity of test peptide was not validated by other methods, it is possible that in line with our
observation the results were not affected due to removal of excess peptide in solution. Since the
washed wells displayed the results comparable to [*H]hypoxanthine incorporation assay (Fig.
1B), it indicates that instead of intracellular peptide, excess peptide in the supernatant interacts

with parasite DNA upon lysis and is responsible for false positive readouts by these peptides.

Next we wanted to check whether small molecule DNA intercalators, e.g. doxorubicin and
actinomycin D, also interfere in SG binding to parasite DNA in solution and in vivo. Fig 2A
shows that, like CPPs, these intercalators also exhibit a dose dependent inhibition in SG binding
to DNA in solution. Both of these intercalators are potent antimalarials (16, 17) and doxorubicin
has been shown to exhibit low SG binding signal (due to less DNA) in standard 48 h growth
inhibition assay (27). Accordingly, for in vivo quantitation of SG dye binding to DNA in
presence of these intercalators, we chose an early period of parasite growth where parasitemia is
unchanged (18). Synchronized trophozoite stage cells at 1 percent parasitemia and 2 percent
hematocrit were cultured for 4 h with varying concentrations (0.1 pM to 100 uM) of
intercalators. SG-based fluorescence was measured (Fig. 2B) while simultaneously checking the
pLDH activity (Fig. 2C) and parasitemia by Giemsa staining. Doxorubicin and actinomycin D
treatment for 4 h, did not affect the parasitemia, reflected by pLDH activity (Fig. 2C) and
Giemsa staining (data not shown) but inhibited SG-DNA binding, which occurred in a dose

dependent manner with more pronounced effect observed upon doxorubicin treatment. Also,
5
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prior removal of excess drug by washing did not affect significantly this inhibition (Fig 2B).
Thus, it can be inferred that; i) both CPPs and intercalators inhibit SG-DNA binding in solution
and, ii) in vivo, unlike CPPs, intercalators can also exert their inhibitory effect by intercalation

with intracellular DNA.

In conclusion, the present study provides evidence that cationic CPPs and DNA
intercalating agents inhibit the binding of SG dye to parasite DNA and thus may result in the
false positive readouts of antiplasmodial activity in an SG dye based growth inhibition assay.
This necessitates the validation of the antiplasmodial activity of these agents with other gold
standard assays. Alternatively, as demonstrated in this study for CPPs, the existing SG-based
fluorescence assay can be modified by removing the excess cationic peptides prior to the

addition of SG dye.

Acknowledgments

This work was supported by funds provided by the Council of Scientific and Industrial Research
(project Open Source Drug discovery and network projects BSC0121, 0120, 0211 and 0104) and
Department of Biotechnology (project BTISNET), Govt. of India. Authors are thankful to Dr.
Alok Mondal and Dr. Manoj Raje for critical reading of the manuscript.

References

1. Miotto O, Almagro-Garcia J, Manske M, Macinnis B, Campino S, Rockett KA,
Amaratunga C, Lim P, Suon S, Sreng S, Anderson JM, Duong S, Nguon C, Chuor
CM, Saunders D, Se Y, Lon C, Fukuda MM, Amenga-Etego L, Hodgson AV, Asoala

V, Imwong M, Takala-Harrison S, Nosten F, Su XZ, Ringwald P, Ariey F, Dolecek



Anfimicrobial A

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

C, Hien TT, Boni MF, Thai CQ, Amambua-Ngwa A, Conway DJ, Djimde AA,
Doumbo OK, Zongo I, Ouedraogo JB, Alcock D, Drury E, Auburn S, Koch O,
Sanders M, Hubbart C, Maslen G, Ruano-Rubio V, Jyothi D, Miles A, O'Brien J,
Gamble C, Oyola SO, et al. 2013. Multiple populations of artemisinin-resistant
Plasmodium falciparum in Cambodia. Nat Genet 45:648-655.

Kasturi K, Mallika DS, Amos SJ, Venkateshaiah P, Rao KS. 2012. Current opinion
on an emergence of drug resistant strains of Plasmodium falciparum through genetic
alterations. Bioinformation 8:1114-1118.

Dondorp AM, Yeung S, White L, Nguon C, Day NP, Socheat D, von Seidlein L.
2010. Artemisinin resistance: current status and scenarios for containment. Nat Rev
Microbiol 8:272-280.

Hyde JE. 2002. Mechanisms of resistance of Plasmodium falciparum to antimalarial
drugs. Microbes Infect 4:165-174.

Desjardins RE, Canfield CJ, Haynes JD, Chulay JD. 1979. Quantitative assessment of
antimalarial activity in vitro by a semiautomated microdilution technique. Antimicrob
Agents Chemother 16:710-718.

Makler MT, Ries JM, Williams JA, Bancroft JE, Piper RC, Gibbins BL, Hinrichs
DJ. 1993. Parasite lactate dehydrogenase as an assay for Plasmodium falciparum drug
sensitivity. Am J Trop Med Hyg 48:739-741.

Noedl H, Wernsdorfer WH, Miller RS, Wongsrichanalai C. 2002. Histidine-rich
protein II: a novel approach to malaria drug sensitivity testing. Antimicrob Agents

Chemother 46:1658-1664.



Anfimicrobial A

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

10.

11.

12.

13.

14.

Abiodun OO, Gbotosho GO, Ajaiyeoba EO, Happi CT, Hofer S, Wittlin S, Sowunmi
A, Brun R, Oduola AM. 2010. Comparison of SYBR Green I-, PicoGreen-, and [3H]-
hypoxanthine-based assays for in vitro antimalarial screening of plants from Nigerian
ethnomedicine. Parasitol Res 106:933-939.

Bacon DJ, Latour C, Lucas C, Colina O, Ringwald P, Picot S. 2007. Comparison of a
SYBR green I-based assay with a histidine-rich protein II enzyme-linked immunosorbent
assay for in vitro antimalarial drug efficacy testing and application to clinical isolates.
Antimicrob Agents Chemother 51:1172-1178.

Smilkstein M, Sriwilaijaroen N, Kelly JX, Wilairat P, Riscoe M. 2004. Simple and
inexpensive fluorescence-based technique for high-throughput antimalarial drug
screening. Antimicrob Agents Chemother 48:1803-1806.

Johnson JD, Dennull RA, Gerena L, Lopez-Sanchez M, Roncal NE, Waters NC.
2007. Assessment and continued validation of the malaria SYBR green I-based
fluorescence assay for use in malaria drug screening. Antimicrob Agents Chemother
51:1926-1933.

Co EM, Dennull RA, Reinbold DD, Waters NC, Johnson JD. 2009. Assessment of
malaria in vitro drug combination screening and mixed-strain infections using the malaria
Sybr green I-based fluorescence assay. Antimicrob Agents Chemother 53:2557-2563.
Vossen MG, Pferschy S, Chiba P, Noedl H. 2010. The SYBR Green I malaria drug
sensitivity assay: performance in low parasitemia samples. Am J Trop Med Hyg 82:398-
401.

Bell A. 2011. Antimalarial peptides: the long and the short of it. Curr Pharm Des

17:2719-2731.



Anfimicrobial A

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

15.

16.

17.

18.

19.

20.

21.

Mehta D, Anand P, Kumar V, Joshi A, Mathur D, Singh S, Tuknait A, Chaudhary
K, Gautam SK, Gautam A, Varshney GC, Raghava GP. 2014. ParaPep: a web
resource for experimentally validated antiparasitic peptide sequences and their structures.
Database (Oxford) 2014.

Krungkrai SR, Yuthavong Y. 1987. The antimalarial action on Plasmodium falciparum
of ginghaosu and artesunate in combination with agents which modulate oxidant stress.
Trans R Soc Trop Med Hyg 81:710-714.

Abrahem A, Certad G, Pan X, Georges E. 2000. Pleiotropic resistance to diverse
antimalarials in actinomycin D-resistant Plasmodium falciparum. Biochem Pharmacol
59:1123-1132.

Arrighi RB, Ebikeme C, Jiang Y, Ranford-Cartwright L, Barrett MP, Langel U,
Faye 1. 2008. Cell-penetrating peptide TP10 shows broad-spectrum activity against both
Plasmodium falciparum and Trypanosoma brucei brucei. Antimicrob Agents Chemother
52:3414-3417.

El-Andaloussi S, Jarver P, Johansson HJ, Langel U. 2007. Cargo-dependent
cytotoxicity and delivery efficacy of cell-penetrating peptides: a comparative study.
Biochem J 407:285-292.

Chen PC, Hayashi MA, Oliveira EB, Karpel RL. 2012. DNA-interactive properties of
crotamine, a cell-penetrating polypeptide and a potential drug carrier. PLoS One
7:¢48913.

Dom G, Shaw-Jackson C, Matis C, Bouffioux O, Picard JJ, Prochiantz A, Mingeot-

Leclercq MP, Brasseur R, Rezsohazy R. 2003. Cellular uptake of Antennapedia



Anfimicrobial A

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

195

196

197

198

199

200

201

202

203

204

205

206

207

Chemotherapy

208

209

210

211

212

213

214

215

216

217

Chemotherapy

22.

23.

24.

25.

26.

27.

Penetratin peptides is a two-step process in which phase transfer precedes a tryptophan-
dependent translocation. Nucleic Acids Res 31:556-561.

Gautam A, Sharma M, Vir P, Chaudhary K, Kapoor P, Kumar R, Nath SK,
Raghava GP. 2014. Identification and characterization of novel protein derived arginine-
rich cell penetrating peptides. Eur J Pharm Biopharm.

Carter V, Underhill A, Baber I, Sylla L, Baby M, Larget-Thiery I, Zettor A,
Bourgouin C, Langel U, Faye I, Otvos L, Wade JD, Coulibaly MB, Traore SF,
Tripet F, Eggleston P, Hurd H. 2013. Killer bee molecules: antimicrobial peptides as
effector molecules to target sporogonic stages of Plasmodium. PLoS Pathog 9:¢1003790.
Trager W, Jensen JB. 1976. Human malaria parasites in continuous culture. Science
193:673-675.

Bennett TN, Paguio M, Gligorijevic B, Seudieu C, Kosar AD, Davidson E, Roepe
PD. 2004. Novel, rapid, and inexpensive cell-based quantification of antimalarial drug
efficacy. Antimicrob Agents Chemother 48:1807-1810.

Sharma SP, Sharma J, Kanwar SS, Chauhan VS. 2012. In vitro antibacterial and
antimalarial activity of dehydrophenylalanine-containing undecapeptides alone and in
combination with drugs. Int J Antimicrob Agents 39:146-152.

Lotharius J, Gamo-Benito FJ, Angulo-Barturen I, Clark J, Connelly M, Ferrer-
Bazaga S, Parkinson T, Viswanath P, Bandodkar B, Rautela N, Bharath S, Duffy S,
Avery VM, Mohrle JJ, Guy RK, Wells T. 2014. Repositioning: the fast track to new

anti-malarial medicines? Malar J 13:143.

Figure Legends

10



Anfimicrobial A

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

Fig. 1. Validation of antiplasmodial activity of cationic CPPs assessed by SG-based
fluorescence assay. (A) Sorbitol synchronized P. falciparum trophozoite stage cells were lysed,
treated with varying concentrations (6.25 uM to 100 uM) of Tat, Penetratin, TP10 and control
peptides (CP1 and CP2) for 2 h at 37 °C, followed by incubation with SG dye and analysis of
fluorescence intensity. (B-D) Synchronized cells at trophozoite stage were cultured in presence
of varying concentrations (6.25 uM to 100 uM) of Tat, Penetratin, TP10 and control peptide
(CP1) for 48 h and parasite growth inhibition was measured by [*H]hypoxanthine incorporation
assay (B) and SG-based fluorescence assay (C & D). For SG dye binding, cells were lysed
without washing (C) or with washing (D). Data represent two independent experiments

performed in triplicate with error bars representing standard errors of means.

Fig. 2. Effect of small molecule DNA intercalators on SG-based analysis of P. falciparum
DNA. (A) Sorbitol synchronized trophozoite stage cells were lysed, treated with varying
concentrations (0.1 uM to 100 pM) of doxorubicin, actinomycin D and chloroquine (Chq) for 2
h at 37 °C, followed by incubation with SG dye and analysis of fluorescence intensity (p< 0.0001
for all concentrations). (B) Sorbitol synchronized trophozoite stage cells, at 1% parasitemia and
2% hematocrit (0 h), were cultured with varying concentrations (0.1 pM to 100 pM) of
doxorubicin, actinomycin D or 0.2 uM chloroquine. After 4 h, cells were lysed without washing
or after washing followed by addition of SG dye and analysis for fluorescence intensity (*p<
0.05 and **p< 0.005). (C) pLDH activity corresponding to respective bars in panel B. For panels
A and B, statistical significance was determined by using unpaired students t-test (two tailed)
taking chloroquine as a control. Data represent two independent experiments performed in

triplicate with error bars representing standard errors of means.
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Table 1: List of peptides used in the study.
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Name of Peptide Sequence pI Length
Tat GRKKRRQRRRPPQ 12.70 13
Penetratin RQIKIWFQNRRMKWKK 12.31 16

P3 RRRQKRIVVRRRLIR 12.90 15

P8 RRWRRWNRFNRRRCR 12.54 15
TP10 AGYLLGKINLKALAALAKKIL 10.18 21
Control cyclic peptide (CP1)  CTHPATSWC 6.72 9
Control linear peptide (CP2) ITWNEKKSHHLY 8.51 12

pl values were calculated using ProtParam tool (http://web.expasy.org/protparam/).
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