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Abstract The paper focuses on the pioneer evaluation of
the possible side effects of a novel preparation against
phyllophagous insects, DNA insecticides, on some
biochemical parameters (concentration of glucose and
activity of alkaline phosphatase) of wheat sprouts (7riticum
aestivum L.). Our results show that the application of DNA
insecticide based on single-stranded DNA fragment from
RING domain of IAP-3 gene of gypsy moth multicapsid
nuclear polyhedrosis virus results in significant difference in
the decreased level of glucose and activity of alkaline
phosphatase in wheat sprouts in comparison with the control
after treatment on the second day of the experiment.
However, the effect becomes significantly unnoticeable after
one week when compared with the control. No significant
difference in the dried biomass was found between wheat
sprouts from the control and the experimental groups after
the treatment on the seventh day and after three weeks on the
Hoagland’s substrate. Obtained results generally show that
agricultural plants are able to overcome the misbalance in the
concentration of glucose and activity of alkaline phosphatase
caused by the DNA insecticides and emphasize good
potential in harmlessness of DNA insecticides that could be
used to control phyllophagous insects without substantial
side effects on the crop.
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1. Introduction

Increasing the efficiency of agricultural and forest defense
against pest insects is vitally and economically very
important. Baculoviruses have enormous potential in
ecologically based microbiological control of the quantity of
insect pests (Evans, Harrap 2004). The basic problem in the
use of baculoviruses is the inability to accelerate the
infection process and the death of the host substantially

(Vlak 1993; Moscardi 1999; van Beek and Davis 2007). A
large field of research is devoted to improve baculoviruses
by increasing the speed of their infection process through
genetic modifications (Inceoglu et al. 2006). Biopreparations
based on viral anti-apoptotic gene fragments, termed DNA
insecticides, could be a safe, inexpensive and fast alternative
to baculoviral preparations means of struggle against
phyllophagous insects (Oberemok 2008; Oberemok 2009;
Oberemok 2011; Simchuk et al. 2012; Oberemok et al. 2013).
Viral genomes contain a genetic suite of anti-apoptotic genes,
allowing them to highjack host metabolism (Bertin et al.
1996; Miller 1997). Many investigations suggest an
eukaryotic cellular origin for the viral IAPs (inhibitor of
apoptosis)  (Hughes 2002). Relationships between
baculoviruses and their insect hosts are subject to
coevolution, this should lead to long-term evolutionary
effects such as the specialization of these pathogens for their
hosts (Herniou et al. 2004), and the ability to affect their
biochemical reactions through expression of homologous
anti-apoptotic genes. Thus, the fragments of anti-apoptotic
genes have the potential to interfere with cellular
biochemical reactions and eventually cause the cell death
through the blocking of the mechanisms that manage post
transcriptional expression of anti-apoptosis genes (Weiss et
al. 1999; Lu et al. 2004; Ling and Ying 2001;
Kawai-Toyooka et al. 2004; Fire et al. 1998). These
mechanisms have a great perspective with respect to their
application in agricultural environments, changing aim of
pest control from pest elimination to pest control of its
evolution towards decrease in its damaging capacity
(Simchuk et al. 2012). In contrast to conventional
insecticides that may harm vertebrates or kill arthropods
indiscriminately, DNA insecticides have potential to target
specific populations of insect pests since they possess great
variability and specificity of sequences. This feature makes
them compatible with classical biological controls in
integrated pest management strategies (Enwistle et al. 1993)
and they have potential to become useful for controlling
insect pests in environmentally sensitive areas. While the
idea of DNA insecticides may resemble the mechanisms that
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block post transcriptional expression of genes (Weiss et al.
1999; Lu et al. 2004; Ling, Ying 2001; Kawai-Toyooka et al.
2004; Fire et al. 1998), it has its own peculiar features such
as its external application, small size of oligonucleotides,
single-stranded DNA molecule and the concept of using viral
anti-apoptosis genes. Our recent investigations show that
specific single-stranded DNA fragments, 18 nucleotides long,
representing parts of RING (really interesting new gene) and
BIR (baculovirus TAP repeat) domains of the LdAMNPV
(Lymantria dispar multicapsid nuclear polyhedrosis virus)
and TnSNPV (Trichoplusia ni single nuclear polyhedrosis
virus) IAP-3 (inhibitor of apoptosis) gene significantly
decrease the viability of gypsy moth caterpillars (Lymantria
dispar  (Lepidoptera: Erebidae)) (Oberemok 2008;
Oberemok 2009; Oberemok 2011; Simchuk et al. 2012) and
cabbage looper (Trichoplusia ni (Lepidoptera: Noctuidae))
(unpublished data). The DNA insecticides based on
LdMNPV IAP-3 gene fragments can be selective in action,
and at least are not harmful to tobacco hornworm (Manduca
sexta (Lepidoptera: Sphingidae)) and black cutworm
(Agrotis ipsilon, (Lepidoptera: Noctuidae)) (unpublished
data).

One of the possible and convenient practical application
ways of penetration of the DNA insecticides into the body of
a caterpillar is an external one. It is known that the presence
of developed epicuticule limits to some extent the
permeability of a caterpillar’s covers against most
insecticides. Nevertheless, clororganical, organophosphate
and other contact insecticides get through the epicuticule
easily into the organism of an insect through the most
permeable areas of the covers (Tyschenko 1986; Gu and
Knipple 2013). Experiments on RNA interference have
shown that negatively charged double-stranded RNA
fragments are able to penetrate through the cuticle of the
round worms (Maeda et al. 2001) and insects (Yu et al. 2013)
which shows that despite the extra barriers, uptake of the
dsRNA by whole insect bodies is possible (Yu et al. 2013,
Pridgeon et al. 2008). The induction of RNAi by topical
application of dsRNA could be explained by passage to
interior tissues via the tracheal system (Gu and Knipple
2013). Single-stranded DNA molecules are more likely to
penetrate into a cell because they have both hydrophilic
(polar sugar-phosphate  backbone) and hydrophobic
(nitrogenous bases) parts that are thought to allow them
penetrate through the polar and non-polar parts of insect
tissues (Watson 1987).

In this regard, taking into account the external way of
application of DNA insecticides, it is very important to prove
specificity in action and harmlessness of DNA insecticides to
main agricultural plants such as wheat (Triticum aestivum
L.), to permit usage on a large scale. Wheat, a hexaploid
species, is the most widely cultivated crop in the world.
Many pest insects such as Hessian fly, wheat stem maggot,
different armyworms and aphids, etc. damage part of the
crop causing substantial and even massive loss of profit. A
variety of pesticides and biological preparations are used to
control the quantity of wheat pests (Petroczi et al. 2002;

Aktar et al. 2009; Rangwala et al. 2013).

Modern pesticides have different side effects on the wheat
ranging from inhibition of the senescence of flag leaf with
protracted chlorophyll retention (Petroczi et al. 2002) to
harmful effect on the biochemical parameters of wheat
seedlings (Rangwala et al. 2013). Also in many studies
wheat grains were found to contain residues of pesticides
harmful for the human health (Aktar et al. 2009). With the
high rate of cultivation of wheat and use for food production,
there is no doubt that there are health concerns associated
with it, and so the need for alternative ways of crop
management using safe preparations.

Pesticides can contaminate soil, water, turf, and other
vegetation. In addition to killing insects or weeds, pesticides
can be toxic to a host of other organisms including birds, fish,
beneficial insects, non-target plants (Aktar et al. 2009) and
human (Calvert et al. 2008). Insecticides are generally the
most acutely toxic class of pesticides (Aktar et al. 2009).
Thus, selectivity and safety of insecticides is the main
characteristic that has to be checked in order not to disrupt
the balance of an ecosystem. DNA insecticides have good
potential to be harmless to the members of an ecosystem
since deoxyribonucleic acid is the molecule found in every
cell and with distinct sequences of nitrogenous bases we
target natural mechanisms involved in expression of distinct
genes in distinct organisms.

In this regard, the following research paper is devoted to
the pioneer investigation of the influence of DNA
insecticides on some biochemical parameters and biomass
accumulation of seedlings of wheat, as the most vulnerable
stage of the plant (Lianes et al. 2005), so as to evaluate the
possible side effects of the DNA insecticides on the crop.

2. Materials and Methods

The seeds of wheat (Triticum aestivum L.) were collected
from the Department of botany, plant physiology and
biotechnology at Taurida National V.. Vernadsky
University (Simferopol, Ukraine). They were soaked for 16
hours in: 1) a solution of distilled water, 2) a solution
containing fragments of BIR domain + distilled water, and 3)
a solution containing fragments of RING domain + distilled
water. The experimental BIR and RING groups (60 seeds
each) were treated with 24 ml of water solution containing
fragments of BIR and RING domains respectively, at a
concentration of 0.1 pmol/ul. They were allowed to
germinate on moist filter paper in Petri dishes (20 seeds per
dish) at 24 °C for 8 days. Part of the seedlings, after two days
of germination, were transferred into vessels for cultivation
(20 plants per vessel) containing Hoagland's substrate (fig. 1;
fig. 2). The plants were grown at a constant air temperature
of 23 °C under fluorescent light 10klx for three weeks, to
evaluate the remote effect of DNA fragments on the biomass
of the wheat seedlings. Safety measures were applied by use
of spirit to sterilize the working area, in order to prevent
contamination by environment. We designed DNA
fragments according to the viral genome sequence (Kuzio et
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al. 1999) found in ICTVdb (International Commitee on
Taxonomy of Viruses Database) (http://www.ictvonline.org)
and synthesized them with the help of metabion international
AG (Germany) with HPLC clearance. The sequences of the
applied 2 single chain DNA fragments were the following: a)
5 ' -GCC GGC GGA ACT GGC CCA-3 '
(134843-134860; sense chain; BIR domain); b) 5’ -CGA
CGT GGT GGC ACG GCG-3 ' (135159-135142;
antisense chain; RING domain). The dried biomasses of
sprouts were weighed according to standard procedure, using
a torsion scale BT-500 (Russia). Each sprout was grounded
in 300 pl of distilled water, and then 10 pl of the extract was
used to measure the concentrations of alkaline phosphatase
and glucose with the help of kits manufactured by PZ
CORMAY S.A. (Poland). Measurements of concentrations
of glucose and alkaline phosphatase were performed with
SINNOWA BS-3000m spectrophotometer (China). The
experiment was performed in three replicates with twelve
measurements per each variant. Statistical analysis was done
using standard analytical tools (Microsoft Excel 7.0). The
data corresponded to the conditions of application of the
Student’s test.

Figure 1. Sprouts of wheat on Hoagland’s substrate during the
experiment; two days after sprouting

Figure 2.

Sprouts of wheat on Hoagland’s substrate during the
experiment; three weeks after sprouting

3. Results and Discussion

The wheat sprouts responded differently to the
administration of the different DNA fragments. Compared
with the control significant decrease in the activity of
alkaline phosphatase was observed for the trial group with
RING fragment on the 2" day of the experiment whereas
minor difference with the control group was found on the
same day for the trial group with BIR fragment (fig. 3, table

1.

HRING
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Figure 3. Differences in the concentration of alkaline phosphatase (U/1)
in the control and trial groups: 1 — starting point, 2 — between the 1% day
and the 2™ day of the experiment, 3 — between the 1% day and the 7™ day of
the experiment

No significant differences in the activity of alkaline
phosphatase were observed on the 7™ day after comparing
the concentration levels of the experimental groups (BIR and
RING) with the control, finding out that the level of alkaline
phosphatase was normalized in the RING trial group with
respect to the control.

Similarly to the results obtained and represented on the fig.
3 and in the table 1 based on the alkaline phosphatase content,
the effect of these fragments on the glucose content showed
quite the same trend. Between the trial group with RING
domain fragment and the control on the 2™ day a significant
difference in the concentration of glucose was found (fig. 4,
table 1). No significant difference was detected after 7 days
of the experiment between experimental groups (BIR and
RING) and control.

Thus, statistically significant differences in comparison
with the control were found in the experimental groups
containing DNA fragment of the RING domain of LAMNPV
IAP-3 gene with the test of alkaline phosphatase and glucose
content on the 2™ day but recovery was noted on the 7™ day.
The obtained results generally imply on harmlessness of
DNA insecticides based on the BIR and RING domain
fragments on wheat sprouts. Taking into consideration that
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chemical pesticides generally have long-term side effects on
non-target organisms (Aktar et al. 2009), DNA fragments
used as DNA insecticides have good potential to be a safer
preparation for the biochemical parameters of the wheat’s
cell.

RING
HBR
H Control

0 0.1 02 03 0.4

Figure 4. Differences in the concentration of glucose (mg/dl) in the
control and trial groups: 1 — starting point, 2 — between the 1* day and the
2" day of the experiment, 3 — between the 1* day and the 7" day of the
experiment

Table 1. The P-values found by Student’s test for the different points of
the experiment
Start — 2™ day
Alkaline phosphatase
Control/RING Control/BIR BIR/RING
0.039 * 0.105 0.224
Glucose
Control/RING Control/BIR BIR/RING
0.035%* 0.483 0.047*
2" day — 7" day
Alkaline phosphatase
Control/RING Control/BIR BIR/RING
0.252 0.318 0.491
Glucose
Control/RING Control/BIR BIR/RING
0.0534 0.293 0.071
Start — 7™ day
Alkaline phosphatase
Control/RING Control/BIR BIR/RING
0.433 0.460 0.407
Glucose
Control/RING Control/BIR BIR/RING
0.099 0.293 0.15

*1-tailed test; **2-tailed test; P-values were obtained with 1-tailed test
(except pair Control/RING for glucose between start&2™ day of the
experiment)

According to previous researches, alkaline phosphatase is
a hydrolase enzyme responsible for removing phosphate
groups from many types of molecules, including nucleotides,
proteins, and alkaloids and is the most effective in an
alkaline environment (Trowsdale et al., 1990; Holtz and
Kantrowitz, 1999). Alkaline phosphatase is used in human
physiology as a diagnostic tool for finding health problems.
Elevated as well as decreased levels of alkaline phosphatase
serve as markers of some pathological processes in human
organism (Lange et al. 1982; Remaley and Wilding 1989).
The use of level of alkaline phosphatase for plants may be
helpful as a marker of a cell’s general condition because the
reaction of releasing of inorganic phosphate is very frequent
and ubiquitous (Tamas et al. 2002). In plants, alkaline
phosphatase activity in seeds often increases greatly during
germination, indicating a possible role in phosphate
metabolism and mobilization (Duff and Sarath 1994). Also
the production of plant hydrolases such as alkaline
phosphatase might be one of the components of the complex
mechanism of polysaccharide-induced plant protection
responses (Tamas et al. 2002). Since we detected decreased
level of alkaline phosphatase for the trial group with RING
fragment on the 2™ day of the experiment, it indicates that
this oligonucleotide worsened the condition of wheat cells.
The mechanism of how it happens needs further
investigation to find an answer to avoid even the slightest
chance to harm the plant.

According to Dekkers et al. (2004), glucose plays roles
such as energy supply, metabolism, development, cell
proliferation, and cell death in plants and other organisms.
The seed germination due to photosynthesis and cell growth
is directly proportional to the change in glucose levels. The
second day of our experiment rendered results with a gradual
increase in the glucose content, with a significant difference
between the control and experimental RING group. It
indicates that fragment of the RING domain of LAMNPV
IAP-3 gene for a short period of time interfered with the
normal accumulation of glucose in the cell. The RING
domain fragment could negatively act on the wheat cells
through the blocking of the mechanisms that manage post
transcriptional expression of genes (Weiss et al. 1999; Lu et
al. 2004; Ling and Ying 2001; Kawai-Toyooka et al. 2004;
Fire et al. 1998) involved in photosynthesis. We cannot also
ignore the fact that DNA is able to interact with a large
number of proteins and thus, can affect their functional
activity (Cai and Huang 2012). The mechanism of this
phenomenon needs further investigation.

The masses obtained from weighing the dried roots and
stems of 47 seedlings per medium (in three replicates) after 7
days of the experiment provided non-significant results
between the control and experimental groups (fig. 5). Thus,
the DNA fragments had no real effects on the biomass of the
seedlings.

We also did not notice any significant negative effect of
DNA insecticides evaluating dry masses of wheat sprouts
bred on the Hoagland’s substrate during three weeks (fig. 6).
Surprisingly, trial groups showed a little bit higher average
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indexes in comparison with the control. This serves as a
further confirmation that there were no significant biomass
losses registered by the weed seedlings after the application
of the BIR and RING domain fragments. Thus, this is the
evidence that there are no long-term side effects of DNA
insecticides on the biomass of wheat sprouts.

200
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Figure 5. The average values of dried biomass (in mg per 47 seedlings)
after 7 days of the experiment in the control (1) and trial groups BIR (2)
and RING (3)
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Figure 6. The average values of dried biomass (in mg per 20 seedlings)
after three weeks of the experiment in the control (1) and trial groups BIR
(2) and RING (3) bred on Hoagland’s substrate.

4. Conclusion

The world is craving for a higher yield in crop production
and seeks for a better solution to eliminate pest insects
without damaging agricultural plants, other beneficiary
insects, and the environment. Regulation of pest quantity
requires a safe, an effective and a cheap method. A possible
way to improve modern insecticides is the development of a
new preparation, DNA insecticides, which will manifest the
sum of their best characteristics: fastness and cheapness of

chemical pesticides and safety from baculoviral preparations.
Having already proven in previous publications that DNA
insecticides could prove to be effective insecticides
(Oberemok 2008; Oberemok 2009; Obermok 2011; Simchuk
et al, 2012; Oberemok et al. 2013), this new paper provides
more accuracy as to their safety.

Obtained results generally show that agricultural plants
are able to overcome the misbalance in the concentration of
glucose and activity of alkaline phosphatase caused by the
DNA insecticides. Also no significant difference in the dried
biomass was found between wheat sprouts from the control
and the experimental groups after the treatment on the
seventh day of the experiment and after three weeks on the
Hoagland’s substrate. This indicates the harmlessness of
DNA insecticides that could be wused to control
phyllophagous insects without substantial side effects on the
crop.

Thus, our pioneer evaluation of the possible side effects of
a novel preparation against phyllophagous insects, DNA
insecticides, on some biochemical parameters (concentration
of glucose and activity of alkaline phosphatase) and biomass
of wheat sprouts has not found serious negative effect on the
plant.
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