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The use of antisense oligonucleotides is a novel strategy to treat infectious diseases. In this approach, vital
mRNAs are targeted by antisense oligonucleotides. The aim of this study was to evaluate the effects of
gold nanoparticles hybridized with different antisense oligonucleotides on Leishmania (L) major. In this
project, gold nanoparticles were first synthesized, and then conjugated with primary oligonucleotides,
3’-AAA-5'. Next, conjugated gold nanoparticles (NP1) were separately hybridized with three types of
antisense oligonucleotide from coding reign of GP63 gene (NP2), non-coding reign of GP63 gene (NP3),
and both coding and non-coding reigns of GP63 (NP4). Then, 1 mL of L. major suspension was separately
added to 1 mL of different hybridized gold nanoparticles at serial concentrations (1-200 .g/mL), and
incubated for 24, 48, and 72 h at 37 °C. Next, the uptake of each nanoparticle was separately measured by
atomic absorption spectroscopy. After incubation, the cell viability was separately evaluated by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide assay. Also, the expression of GP63 gene was
read out by quantitative-real-time PCR. This study showed that NP2 and NP3 had higher (5-fold) uptake
than NP1 and NP4. Moreover, NP2 and NP3 led to less cell viability and gene expression, compared
with NP1 and NP4. It could be concluded that both sequence and size of antisense oligonucleotide were
important for transfection of L. major. Importantly, these antisense oligonucleotides can be obtained from
both coding and non-coding reign of GP63 gene. Moreover, hybridized gold nanoparticles not only could
silence GP63 gene, but also could kill L. major.
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1. Introduction gold, and chitosan nanoparticles, are another choices [3]. Because

of higher physical and chemical properties of gold nanoparti-

Cutaneous leishmaniasis (CL) is a complicated disease, caused
by Leishmania (L) major and Leishmania tropica. Nowadays, efficient
vaccine and drug are not available for CL [1]. The use of antisense
technology is a new approach to treat infectious diseases, by means
of microRNA, small hairpin RNA (shRNA), small interfering RNA
(siRNA), antisense DNA oligonucleotides (oligos), and antisense
plasmid [2]. Although these biomolecules can effectively knock-
down vital genes, they need specific carriers, e.g. viral and non-viral,
for transfection. Generally, non-viral carriers, e.g. cationic lipids,
polymers, peptides, and dendrimers are more applied. Meanwhile,
nano-sized carriers, such as carbon nanotube, iron oxide, silica,

* Corresponding author. Tel.: +98 35337256458; fax: +98 35337256458;
mobile: +98 9131545131.
E-mail address: mh.anvari.tafti@gmail.com (M.H. Anvari-Tafti).

http://dx.doi.org/10.1016/j.colsurfb.2015.03.029
0927-7765/© 2015 Elsevier B.V. All rights reserved.

cles, they are more interested compared with other nanoparticles.
Additionally, gold nanoparticles can be precisely synthesized and
functionalized. They can be used not only for gene delivery but also
for imaging [4].

Based on our previous project, although gold nanoparticles
had antileishmanial activity, they could damage both macrophage
and skin cells [5]. Moreover, it was found that modification of
gold nanoparticles led to decrease of their toxicity and antileish-
manial activity [6]. Modification of gold nanoparticles with
oligonucleotides has been previously done for different medical
applications, e.g. detection, imaging, and gene delivery [7]. It has
been found that these conjugated oligonucleotides have higher
uptake than naked nanoparticles [8].

In this study, gold nanoparticles were synthesized and con-
jugated with primary oligonucleotides. Then, conjugate gold
nanoparticles were separately hybridized with three types of
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antisense oligonucleotide, to silence GP63 gene of L. major. Here,
after incubation, uptake assay, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-tetrazolium bromide (MTT) assay, and gene expression
were separately carried out.

2. Materials and methods
2.1. Material

All materials which used in this research were analytical
grade. Ascorbic acid (AA), NNN medium, RPMI1640, MTT, iso-
propanol, SYBR Green, cetyl trimethyl ammonium bromide (CTAB),
HAuCly, and Hank’s balanced salt solution (HBSS) were pur-
chased from Sigma-Aldrich Chemical Co, (St Louis, MO). Also,
HNO3; and isopropanol were provided from Merck, Germany.
Both primary and antisense oligonucleotides were sourced from
Takapo Zyst Company, Iran. Also, RNA extraction kit, DNase mas-
ter mix, and cDNA Synthesis Kits were purchased from QIAGEN,
Germany.

2.2. Synthesis of gold nanoparticles

First, 10 mL of 20 mM HAuCl; was added to 10 mL of 10 mM
CTAB and 5mL of 25mM AA, and then incubated for 5h at 37°C.
In the next step, the synthesized gold nanoparticles were cen-
trifuged at 10,000 rpm for 15 min, and then washed three times
by distilled water (DW). To characterize gold nanoparticles, UV-
vis spectrophotometer (Novin gostar Company, Iran) and scanning
electron microscopy (SEM) (Hitach, Japan) were used [9]. Here, 5
SEM images of gold nanoparticles were prepared, and then the size
of 100 nanoparticles was recorded, and then the average size of
nanoparticles was estimated.
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2.3. Modification of gold nanoparticles

First, 0.1 g of synthesized gold nanoparticles was dissolved in
10 mL of DW. Then, 1 mL of primary oligonucleotide (1000 nM), 3'-
AAA-5' modified with thiol group, was added to the solution of
gold nanoparticles, and incubated for 1 h at 37 °C. Next, conjugated
gold nanoparticles were centrifuged at 10,000 rpm for 15 min, and
washed three times with DW. In the next step, 100 mg of con-
jugated gold nanoparticles was separately mixed with antisense
oligonucleotides 1, 2, and 3, as following:

Antisense oligonucleotide 1: 3’-TACTCTCGAC-5’, from coding
reign of GP63 gene

Antisense oligonucleotide 2: 3'-TGCCGTACGT-5', from non-coding
reign of GP63 gene

Antisense oligonucleotide 3: 3’-TGCCGTACGTTACTCTCGAC-5/,
from both coding and non-coding reigns of GP63gene (Fig. 1).

Then, each mixture was incubated at 55°C for 10 min, in an
annealing buffer containing 0.3 M NaCl, and slowly cooled to 25°C
for 1 h. At the final step, the hybridized gold nanoparticles were cen-
trifuged at 10,000 rpm for 15 min, and washed three times by DW
[10]. To confirm conjugation of primary oligonucleotides, FTIR was
used. Also, to confirm hybridization, all conjugates were scanned
under UV light, 330 nm.

2.4. Preparation of L. major promastigotes

The standard isolate of L. major (MRHO/IR/75/ER) was provided
from Shahid Sadoughi University of Medical Sciences, Yazd, Iran.
The isolate was first incubated for 48 h at 37°C in NNN medium
enriched by RPMI1640. Then, all promastigotes were centrifuged

I v
E |3

—
AAL [
— A
TIT

£l

e

both coding and non-coding sequence

|E
|

~

Fig. 1. The schematic of NP1 (I), NP2 (II), NP3 (III), and NP4 (IV).
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Fig. 2. The SEM image (a), and UV-vis spectrum (b) of gold nanoparticles.
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Fig. 3. The FTIR spectrum of conjugated gold nanoparticles (I), primary oligonucleotide (II), and gold nanoparticles (III).
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at 3000 rpm for 5min, and 10 mL of fresh RPMI1640 was added.
Finally, the density of promastigotes was adjusted to 2 x 10° mL~!

[5].
2.5. Exposure groups

One millilitre of L. major suspension was separately added to
1mL of serial concentrations (1-200 pg/mL) of hybridized gold
nanoparticles, and incubated for 24, 48, and 72h at 37°C. Four
hybridized gold nanoparticles were enrolled in this study (Fig. 1),
including:

(1) NP1: gold nanoparticles conjugated with 3'-AAA-5'.

(2) NP2: gold nanoparticles conjugated with 3’-AAA-5' and
hybridized with 5'-ATGAGAGCTG-3'.

(3) NP3: gold nanoparticles conjugated with 3’-AAA-5' and
hybridized with 5'-ACGGCATGCA-3'.

(4) NP4: gold nanoparticles conjugated with 3’-AAA-5 and
hybridized with 5'-ACGGCATGCAATGAGAGCTG-3' [11].

2.6. Uptake assay

For uptake assay, 100 L of treated promastigotes was cen-
trifuged at 3000rpm for 5min, washed three times by normal
saline. Then, 100 p.L of 1 M HNO3 was added to promastigote pellet,
and incubated for 24 h at room temperature. Then, the concentra-
tion of gold ions was measured by atomic adsorption spectroscopy
(AAS) [12].

2.7. MTT assay

After incubation, 100 wL of treated promastigotes was cen-
trifuged at 3000 rpm for 5min, and supernatant was removed.
Then, 100 WL of RPMI1640 and 25 pL of 5 mg/mL MTT were added to
promastigote pellet, and incubated 3 h at 37 °C. Next, 100 L of 70%
isopropanol was added, and optical densities (OD) of wells were
read by a micro plate reader (Novin Gostar, Iran) at 490 nm. Finally,
the cell viability was measured for each treated promastigote.
In negative control, the promastigotes were treated with normal
saline [12].

2.8. RNA isolation, cDNA synthesis, and real-time PCR

Briefly, 1 mL of treated promastigotes (2 x 105 cells) was cen-
trifuged at 3000 rpm for 5 min, and washed by normal saline. Then,
RNA extraction was done by RNA extraction kit, according to its
protocol. The samples were first treated with DNase master mix to
remove possible contaminated DNA. Then, the mixture was incu-
bated for 15min at 95°C to inactive the DNase. Then, the OD of
extracted RNA was read at 260 nm by a spectrophotometer (Clinic
II, Novingostar, Iran).

Next, total RNA was reverse transcribed by cDNA Synthesis
Kit. Briefly, 10 L of extracted RNA was added to 10 of Super-
Script II buffer, 5 wL of 10 mM dNTPs, 5 L of 0.1 M DTT, 0.25 p.L of
50 wM random primers, 1.25 L of RNA guard, 1.25 p.L of 200 U/p.L
Superscript Il reverse transcriptase, and 1 L of molecular biology
water, and then incubated at 65 °C for 5 min. For reverse transcrip-
tion, the mixture was incubated for 42 °C for 60 min, and then it
was incubated for 10 at 75 °C, to inactivate the reverse transcrip-
tase.

Then, 2 L of synthesized cDNA and 1 L of 50 wM forward and
reverse primers were added to 18 pL of SYBR Green, and entered
into real-time PCR machine (ABI 1 plus, USA). In this study, the
expression of GP63 gene was analyzed. Here, 5-CCGGTTTATA-
TGAAGGAACAGT-3’ and 5'-GGGGAAGATAGAAGAACGAAA-3’ were
forward and reverse primer of GP63, respectively. Also, 18s rRNA of

NP1 NP2

NP3

NP4

Fig. 4. The image of NP1, NP2, NP3, and NP4 after exposure to UV light. As seen,
NP2, NP3, and NP4 have a sharp fluorescent intensity.

L. major was considered as internal control. Its forward primer was
5'-CGTTACCATATGAAGGGGCAACAGT-3/, and its reverse primer
was 5'-GATTAGATAGAAGGGCCAAAAGCTA-3'. All were obtained
from National Center for Biotechnology Information (NCBI). PCR
amplification had an initial denaturation at 95°C for 10 min, 40
cycles at 95°C for 155, and one cycle at 60°C for 1 min. The pro-
mastigotes which were treated with normal saline considered as
negative control [ 13]. At end, the comparative expression was mea-
sured by expression ratio formula.

Expressionratio = 2 2AC = 2-(A-B)~(C-D)}

where Ais cycle of threshold (CT) of target gene in treated group, Bis
CT of internal control gene in treated group, Cis CT of target gene in
control group, and D is CT of internal control gene in control group.

2.9. Statistical method

All tests were done five times and the results were reported as
mean + standard deviation (SD). To detect significant differences
between groups, one-way ANOVA was carried out by SPSS software
(V.16.0 for Windows; SPSS Inc., Chicago, IL), and P-values less than
0.05 were considered as significant significance.

3. Results
3.1. Characterization data

The shape of gold nanoparticles was cubic, and their size was
approximately 15 4 5 nm (Fig. 2a). According to Fig. 2b, synthesized
gold nanoparticles had two sharp peaks at 540nm and 750 nm.
To confirm conjugation, FTIR was used (Fig. 3). As demonstrated,
conjugated gold nanoparticle (I) and primary oligonucleotide (III)
had approximately same peaks. To confirm hybridization, all
conjugates were scanned under UV light. As seen, a sharp fluores-
cence is observed for NP2, NP3, and NP4 (Fig. 4).

3.2. Uptake assay

Fig. 5a shows the uptake of NP1, NP2, NP3, and NP4 after 24,
48, and 72 h. As the first finding, there was a direct relationship
between concentration and uptake. As the second finding, at all
concentrations, NP2 and NP3 had higher uptake than NP1 and
NP4 (P<0.05). As the third finding, at all concentrations, NP2 and
NP3 had approximately similar uptake. Also, NP1 was the same as
NP4.

3.3. MTT assay

Fig. 5b reveals the cell viability of L. major after incubation with
NP1, NP2, NP3, and NP4. Like uptake assay, a dose-dependent pat-
tern was seen for all types of nanoparticles, i.e. the increase of
concentration led to decrease of cell viability. Also, at all concen-
trations, NP2 and NP3 had less cell viability than NP1 and NP4
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Fig. 5. The quantity of uptake (a) and cell viability (b) after incubation with NP1,
NP2, NP3, and NP4. All data are shown as mean =+ standard deviation, n=>5. Uptake
and cell viability tests were done by AAS and MTT assay, respectively.

(P<0.05). Moreover, NP2 and NP3 had the same uptake. Also, NP1
and NP4 were the same.

3.4. Gene expression

Fig. 6 demonstrates the expression of GP63 gene in L. major when
exposed to serial concentrations of NP1, NP2, NP3, and NP4. Such as
uptake and MTT assay, a dose-dependent pattern was observed, i.e.
the increase of concentration led to decrease of GP63 expression.
Also, at all concentrations, NP1 and NP4 had higher gene expression
than NP2 and NP3 (P<0.05). It must be mentioned that although
all nanoparticles could silence GP63 gene, NP2 and NP3 inhibited
it more, than NP1 and NP4.
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Fig. 6. GP63 expression after incubation with NP1, NP2, NP3, and NP4. All data are
shown as mean =+ standard deviation, n = 5. For gene expression, RNA extraction was
first done, then cDNA was prepared, and real-time PCR was finally carried out. In
negative control, the promastigotes were treated with normal saline. In this study,
the comparative expression was measured by 2-44% method.

4. Discussion

GP63 is a vital gene of L. major and L. tropica, and codes a surface
zinc metalloproteinase. Moreover, it is a key bio-molecule not only
in promastigote-macrophage interaction, but also in complement
cascade induction [14].

The aim of this study was to silence GP63 gene. As the first
step, gold nanoparticles were synthesized by reaction between
HAuCl4 and AA. Considerably, gold nanoparticles had been previ-
ously used as an antisense carrier [15]. Here, gold nanocube was
applied, because of better antimicrobial property [16]. Based on
our previous experience, the shape of nanoparticles can change
biological behaviors, as well as their size [16]. As the second step,
gold nanoparticles were conjugated with primary oligonucleotides.
Since antisense oligonucleotide should be released after uptake, 3'-
AAA-5" was used. Because 3'-GGG-5’ and 3/-CCC-5' induce strong
hydrogen binds, they were not suitable for our study.

Although there are different methods to conjugate various
oligonucleotides on the surface of gold nanoparticles [17], the cova-
lent binding between thiol and gold was applied [18]. As the third
step, gold nanoparticles conjugated with primary oligonucleotides,
were hybridized with three types of antisense oligonucleotide.
Here, a sequence from coding reign, a sequence from non-coding
reign, and a sequence from both coding and non-coding reigns
were selected (Fig. 7). As mentioned in Section 2, these antisense
oligonucleotides were hybridized at 55°C in an annealing buffer.
It must be mentioned that the secondary structure of antisense
molecules may be affected by gold nanoparticles [19], and this
affects both uptake and function of nanoparticles. After synthesis,
conjugation, and hybridization, various characterization methods
were used. SEM and UV-vis spectroscopy were applied to charac-
terize naked-gold nanoparticles. To confirm conjugation of primary
oligonucleotides, FTIR was used. Also, to confirm hybridization, all
were scanned under UV light.

In the next step, uptake, cell viability, and gene expression
were evaluated. It was found that NP2 and NP3 had higher (5-
fold) uptake than NP1 and NP4 (P<0.05). Interestingly, there was
no significant difference between uptake of NP2 vs. NP3, and
between NP1 vs. NP4 (P>0.05). In consistent with uptake assay,
MTT assay showed that NP2 and NP3 had less cell viability com-
pared with NP1 and NP4 (P<0.05). Exactly, this pattern was seen
for gene expression, i.e. L. major had less expression when exposed
to NP2 and NP3, compared with NP1 and NP4 (P<0.05). The authors
hypothesize that three-dimensional structure of NP2 and NP3 leads
to higher uptake, less cell viability, and less GP63 expression.
Based on our study, the sequence of hybridized oligonucleotide
can affect the uptake of nanoparticle. On the other hand, it seems
that the size of antisense oligonucleotide is also an important
factor.

To inhibit a specific gene in infectious agents, oligodeoxy
nucleotides (ODNs), mRNA antisense, shRNA, and siRNA can be
used [2]. Although L. major is an important parasite, limited works
have been reported about its gene silencing. Kheirandish et al.
showed the inhibition of L. major PTR1 gene using antisense plas-
mid. They declared that PTR1 gene could be inhibited by antisense
mRNA [20]. Dumas et al. identified a new class of non-coding
RNAs that are expressed specifically in the intracellular amastig-
ote stage [21]. Ramazeilles et al. targeted the mini-exon sequence,
presented at the 5’ end of every parasite mRNA, by phosphorothi-
oate oligonucleotides [22]. The antileishmanial activity of naked
gold nanoparticles was previously reported by us [5].

For the first time, the silencing of GP63 gene of L. major was
donein this study. It was found that with antisense oligonucleotides
could be up taken by L. major. This study showed that hybridized
gold nanoparticles not only could silence GP63 gene but also could
kill promastigotes.
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Fig. 7. GP63 complete gene, from NCBI database [11]. The initial sequence is non-coding reign, and the later sequence is coding reign.

5. Conclusion

Taken together, this study showed that gold nanoparticle was a
good substance to deliver antisense oligonucleotides into L. major.
Importantly, these antisense oligonucleotides can be obtained from
both coding and non-coding reign of GP63 gene. It was found
that both sequence and size of antisense oligonucleotides were
important for transfection of L. major. Moreover, hybridized gold
nanoparticles not only could silence GP63 gene, but also could kill
L. major.
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