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Abstract

Risk assessment of an antifungal peptide is a pre-
requisite before using the corresponding gene to pro-
duce broad-spectrum, fungal-resistant GM crops. In
this study, a new, antifungal defensin peptide (Ca-AFP)
isolated from chickpea (Cicer arietinum L.) was evalu-
ated for biological activity, stability, and range of toxic-
ity to determine risks in using the gene for transgenic
crop production. The biological function of Ca-AFP was
found to be highly stable in extreme pH (range from
2 to 10) and temperature (up to 100°C) conditions. The
peptide also showed unaltered efficiency in a wide
range of temperatures (from 15° to 42°C) indicating a
wide functional temperature. Despite extreme stability,
it was non-toxic to non-target organisms (e.g., bacteria
and insect cell lines). When the viability of human cell
lines together with erythrocytes were tested, the pep-
tide was also found to be non-toxic. Only one B-cell
epitope was determined with this amino acid sequence.
Immunological tests with mice failed to develop any
antibody, indicating the non-immunogenic nature of the
peptide, and thus, the negligible possibility of it being
an allergen. All these preliminary assessments suggest
that Ca-AFP is a noble peptide worthy of exploring its
efficiency in transgenic crops to combat fungal patho-
gens.
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Introduction

Risk assessment is a prerequisite for the commer-
cialization of any genetically modified (GM) crop, as
regulatory bodies require information regarding the
potential risk of releasing them into the environment
(Dutton et al., 2003). With the increasing trend to pro-
duce GM crops commercially, concerns over the safety
of these crops and crop products have increased very
relevantly as demonstrated by several Multilateral Envi-
ronmental Agreements, such as the Convention on Bio-
logical Diversity and the Cartagena Protocol of Biosafety
(Young, 2004). The main biosafety concerns at the pre-
sent time include the safety of human health, non-target
organisms, and the environment, as well as the risk of
horizontal gene flow (Snow et al., 2005). Therefore, any
gene or gene product with potential beneficiary impact
must be assessed for its risks before using it to produce
any GM crop.

A large portion of research is going on to develop
GM crops with resistance to biotic stresses like insects,
weeds, viruses, and fungi. Among the pathogens, fungi
have been identified as the most notorious group since
they cause 70% of the major crop diseases (Agrios,
1997). At present, applying fungicides is the most widely
practiced method to reduce crop losses from fungal at-
tack. However, due to an absence of natural resistance,
an intensive search is going on to develop a safer and
more effective fungus-control method. Consumers’ con-
cern over a possible environmental impact associated
with exposure to fungicides also acts as a driving factor.
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Because of these issues, genetic engineering may pro-
vide a good option to protect crops from fungal patho-
gens by generating fungus-resistant GM crops (Erik &
van Der, 2001). Therefore, the search is on to identify
new genes that confer durable resistance to broad-
spectrum phytopathogenic fungi and that are safe for
other organisms, including humans. Since the discovery
of chitinase and glucanase in 1988 (Broekaert et al.,
1988; Mauch et al.,, 1988), many antifungal genes
and proteins have been identified. These include ribo-
some-inactivate proteins (Leah et al., 1991), permatins
(Vigers et al., 1991), cysteine-rich peptides like thionins
(Bohlmann et al., 1991) and defensins (Finkina et al.,
2008; Terras et al., 1995). Among these, defensins have
generated considerable interest because of their small
size and broad antifungal and/or antibacterial activities.

As the spectrum of biological function varies from
one antimicrobial molecule to another, performing each
and every toxicity assessment for a particular molecule
on a case-by-case basis is essential. Defensins and
other antimicrobial compounds that are isolated from
plants are screened for toxicity while characterizing the
biological activity to determine the safety of the new
gene and gene product before producing GM crops. The
toxicity analyses are commonly performed on insects,
bacteria, and sometimes on human cells for the prelimi-
nary evaluation of biosafety (Chen et al., 2002; Tailor,
1997; Terras, 1992; Veldhuizen et al., 2008).

Recently, a new defensin peptide, Ca-AFP, was iden-
tified from germinating chickpea (Cicer arietinum L.)
seeds (Islam, 2004; Reddy et al., 2004). Purification,
sequence (Gen Bank acc. No. DQ 288897), and struc-
ture modeling, along with antifungal activity spectrum
and up-regulation of this novel peptide, have been re-
searched. The effectiveness along with broad antifungal
activity makes Ca-AFP an attractive candidate to explore
its potential to control fungal infection in transgenic
crops (Islam, 2004).

Since it is necessary to screen the safety of any
gene product before attempting transgenic production,
in the present study experiments were conducted to test
the extent of the Ca-AFP toxicity to organisms other than
the target fungji. These included bacteria, insect cells,
and human cells together with blood cells. The possibility
of raising allergicity was also considered by analyzing
possible epitope sites within the sequence. Prior to all
these bioassays, the stability of the biological activity
was analyzed against extreme conditions; this was im-
portant to determine the activity range of this peptide.

Materials and Methods

Biological Materials

Chickpea seeds (Cicer arietinum L.) were collected
from the local markets in order to isolate the peptide
and perform the assays. Pythium aphanidermatum cul-
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ture was kindly provided by Prof. M. V. Rajam (University
of Delhi, India). Ovarian cells, Sf21 (derived from Spo-
doptera frugiperda), and T. ni cells (derived from
Trichoplusia ni) were purchased from Invitrogen,
(Carlsbad, California) and human cell cultures were pur-
chased from the American Type Culture Collection
(Manassas, Virginia).

Stability of Antifungal Activity of Ca-AFP

The stability of antifungal activity with respect to pH,
temperature, and reducing agent was tested according
to Cammue et al. (1992). Tests for antifungal activity
were performed against Pythium aphanidermatum by
the agar-well diffusion method followed by the micro-
spectrometry measurement of microcultures having 20
ul test solution diluted five times with potato dextrose
broth medium.

pH stability was tested in the following buffers: 20
mM glycine-HCI (pH 2 and 3); 50 mM Tris-HCI (pH 9);
and 20 mM glycine-NaOH (pH10). After 1 hour of incuba-
tion in the appropriate buffers, the samples were dia-
lyzed for 16 hours against a 10 mM phosphate buffer
(pH 7) to remove the possibility of these extreme pH
buffers interfering with the fungal growth.

For heat stability the purified peptide samples were
treated at 80°, 90°, and 100°C for different time inter-
vals (e.g., 10, 20, and 30 minutes). Afterwards the heat
treated samples were cooled to room temperature be-
fore performing the diffusion agar assay.

To determine the optimum temperature for the bio-
logical function, the antifungal assay was performed at
15°,25°,30°,and 42°C.

As disulfide bonds in antimicrobial proteins and pep-
tides are reported to be essential for biological activity,
a bioassay was performed with purified peptide after
reducing it by adding DTT at 2.5 mM and incubating at
37°C for 2 hours. Following DTT treatment the peptide
sample was dialysed against a 10 mM phosphate buffer
(pH 7) before using it in the bioassay. In all the experi-
ments, an untreated purified sample was used for bioas-
say as the control.

Polyacrylamide Gel Electrophoresis (SDS-PAGE)

Analytical electrophoresis of proteins was carried
out in polyacrylamide gels (Laemmli, 1970) in the Mini
Protean Il apparatus (Bio Rad, Hercules, California) using
the Tris-Glycine discontinuous buffer system (Sambrook
et al., 1989). 15% gels were prepared and protein sam-
ples were prepared by mixing with 4 X sample buffer
(100 mM Tris-HCI pH 6.8, 4% SDS, 20% glycerol, 4%
B-mercaptoethanol, and 0.01% bromophenol blue). The
electrophoresis was carried out at a constant voltage of
90 mA until dye came out of the resolving gel. After the
completion of the electrophoresis, the gels were stained
with Coomassie Brilliant Blue (Laemmli, 1970).
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Toxicity Assay of Ca-AFP

Antibacterial Activity Assay

Antibacterial activity was measured as reported by
Broekaert et al. (1990) using absorbance (optical den-
sity, OD) of cultures in a microtiter plate as a function of
growth. Bacterial suspension cultures at ODesoo = 0.1
were mixed with appropriate concentrations of Ca-AFP in
a microtiter plate. A reading at ODsoo Was taken at the
beginning of the experiment and 8 hours after incuba-
tion. Net bacterial growth was calculated by subtracting
the ODeoo at the beginning of the experiment from the
ODeoo after 8 hours of incubation.

Insect Cell Viability Assay

Toxicity on insect cell lines was evaluated on Sf21
and T. ni cells (High Five, Invitrogen) in terms of viability
following exposure to the peptide. During the experiment
1 X 105 cells were seeded in each well of the 96-well cell
culture plate (Costar, Corning, Bath, UK) and cultured in
80ul of SFIl 900 serum-free medium (for Sf21 cell) and
Express Five Serum Free medium (for T. ni cell) in the
presence of a 20 pl test solution. The viability of cells
was analyzed microscopically by Trypan Blue staining
(Invitrogen) until 72 hours with a gap of 24 hours. All the
experiments were performed in triplicate.

Human Cell Viability Assay

HEK293 (Human Embryonic Kidney cell line), Huh-7,
and HepG2 (human hepatoma) cell lines were used to
analyze the human cell viability assay. All three cell lines
were grown in DMEM (Dulbecco’s Modified Eagle’s Me-
dium) with 10% FCS (Fetal Calf Serum). They were incu-
bated in a humidized chamber at 37°C in 5% CO2. For
the assay 1 X 105 cells were seeded in each well of the
plate and allowed to adhere for 18 hours in their me-
dium in the humidized CO2> chamber. The old medium
was replaced with the 80 ul serum-free medium contain-
ing the 20 pl test solution. The viability of cells was ana-
lyzed microscopically by Trypan Blue staining (Invitrogen)
until 72 hours with a gap of 24 hours. All the experi-
ments were performed in triplicate.

MTT Assay

The toxicity effect of Ca-AFP on the human cell line
HEK 293 was analyzed at enzymatic level through MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide] assay. In 96-well cell culture plates (Costar) 1 X
105 cells were seeded and allowed to adhere to the sur-
face for 12-14 hours. After settling of the cells, a fresh
serum-free medium containing various concentrations of
Ca-AFP was added to the wells. In the control no test
solution was added. The cells were allowed to grow for
24 hours and to each well 10 ul of MTT reagent (5
mg/ml stock concentration) was added to give final con-
centrations of 0.5 mg/ml. The reaction was stopped af-
ter observing purple precipitates in the control wells. The
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media were carefully removed without disturbing the cell
layers and dried. In the dried wells DMSO was added
and incubated overnight to solubilize the precipitates.
The absorbance of the solubilized material was taken at
550 nm using Versa Max Microplate Reader (Molecular
Devices, Sunnyvale, California). The experiments were
performed in triplicate.

Haemolytic Activity Assay

Haemolytic assay was performed according to the
Terras protocol (Terras et al., 1992). Human erythro-
cytes (blood group A) were washed several times with
phosphate-buffered saline following 150 mM myo-
inositol solution. Finally, a 1% (volume-packed cells/
volume) suspension of red blood cells was made in 150
mM myo-inositol. Tests were performed by incubating 80
pl of erythrocyte suspension with 20 ul of the test solu-
tion in a microplate well by incubating the plate at 25°C
for 1 hour. A sample containing 20 ul of 1% SDS was
included to yield values for 100% lysis (positive control).
After centrifugation of the microplates (5 minutes at
800X g), 20 ul of the supernatants were transferred to a
new microplate and diluted with 180 ul distilled water.
Absorbance was then read at 415 nm. The lytic activity
percentage was calculated as 100 times the ratio of the
absorbance of the test sample over the positive control
sample (1% SDS). Morphology of the cell following expo-
sure to the peptide for 72 hours was also observed un-
der a microscope.

Statistical Analyses

Two-way ANOVA (analysis of variance) was per-
formed on time-series toxicity data considering concen-
trations and time as two factors. One-way ANOVA was
performed to analyze the MTT and haemolytic assays. All
statistical analyses were performed using the GraphPad
Prism version 5.00 (www.graphpad.com). P-value was
considered at the 5% level of significance to deduce in-
ference of the significance of the data.

Immunogenicity Test to Detect Allergens

The B cell epitope prediction was done using Bcepred
(www.imtech.res.in/raghava/bcepred). The immunogenic-
ity test was performed using this peptide in a number of
adjuvents. The immunogenicity test of the Ca-AFP peptide
was performed on laboratory mice using various combina-
tions of complete and incomplete adjuvants following
standard protocol. Bleeds were collected after the second
and third boosts. Western Blot analysis was performed to
determine the titre of the raised antibodies.

Results and Discussion

Biological Function Stability of Ca-AFP
Against pH and Temperature

Ca-AFP was functionally active against Pythium
aphanidermatum in all bioassays following treatments
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with various pH buffers (pH 2-10) (Figure 1A). The ICso
value for P. aphanidermatum culture was 4 pg/ml for all
the treated samples, which is also the same for the un-
treated control sample in the phosphate buffer. This indi-
cates that the biological activity of this peptide remains
unaltered even after exposure to extreme pH buffers.

In the temperature stability investigation on Ca-AFP,
the peptide showed 100% activity following heat treat-
ment at 100°C for 30 minutes (Figure 1B). Thus, it was
determined that Ca-AFP is a highly thermostable pep-
tide. Following both extreme pH and temperature treat-
ments, each treated sample was analyzed through SDS-
PAGE for molecular integrity. The size of the treated pep-
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tide remained unaltered, showing the presence of only
one band corresponding to the untreated control sam-
ple. No fragmented molecule was present which elimi-
nates the possibility of mimicking the biological activity
of the native molecule by a fragment (Figure 2).

The peptide was found biologically active at all tem-
peratures ranging from 15° to 42°C. However, at 15°C
the growth of P. aphanidermatum was slow (Figures 1C
and 1D). At this stage it was thought that Ca-AFP was
more effective at lower temperatures. However, in a mi-
cro-spectrometry measurement of the microculture, it
was revealed that at all temperatures the inhibition was
the same with respect to the control (ICso values for 15°,

Figure 1
Stability of Ca-AFP in response to pH and temperature. Stability was studied through biological activity:
A. Assay after treating purified Ca-AFP with different pH such as pH 2(a), pH 7.4 (b), pH 9 (3) and pH 10 (d).
B. Assay after heat treatment (a) untreated control, (b) denatured Ca-AFP, (c) 90°C and (d) 100°C for 30 mins.
C and D. Assay at 15 and 30°C (a = Ca-AFP in 50mM phosphate buffer; ¢ = buffer). Photographs taken two weeks
following treatments. Note that the overall growth of P. aphanidermatum is less at 15°C compared to 30°C.

Figure 2
SDS-PAGE analysis of treated peptide with untreated control peptide. Lanel= Un-treated control Ca-AFP,
Lane2= Treated Ca-AFP at pH 2, Lane3= Ca-AFP following heat treatment at 100°C for 30 mins.
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25°,30°, and 42°C were calculated to be 3.9, 4.0, 4.1,
and 4.0 pg/ml, respectively). So, the observed slow
growth at 15°C was due to incubation of the cultures at a
sub-optimal temperature. In the DTT-treated Ca-AFP ex-
periment, the peptide failed to inhibit the fungal growth
while the control untreated unreduced Ca-AFP was effec-
tive against P. aphanidermatum in all the experiments.

The functional temperature of plant defensins has
been classified into two groups by Osborn et al. (1995).
Ah-AMP1, Ct-AMP1, and Dm-AMP1 are more effective at
low temperatures while Hs-AFP1 and Rs-AFPs are not
temperature-sensitive in their biological activity. In the
present study, the functional temperature for Ca-AFP
puts it into the second group, as its activity remains un-
changed at a wide range of temperatures. The pH and
temperature stability of Ca-AFP is similar to Rs-AFPs re-
ported by Terras et al. (1992, 1993). But the antifungal
activity of defensins isolated from plants, insects, and
humans varies with the change of the ionic strength of
the medium (Aerts et al., 2008). Thus, further study is
needed to know precisely the active range.

The stability of the plant defensins was reported to
be caused by the disulfide bonds that maintain the 3D
structure. These bonds are also reported to be essential
for biological functions (Kragh et al., 1995; Kristensen et
al., 1999; Liu et al., 2000; Segura et al., 1998; Terras et
al.,, 1992, 1993). A similar importance of the disulfide
bonds was found in cases of Ca-AFP. Comparable re-
ports are also there for non-defensin, cysteine-rich an-
timicrobial peptides like Mj-AMPs. Cammue et al. (1992)
reported that after the reduction of disulfide bonds, the
Mj-AMPs completely lost its antifungal activity against
the susceptible fungus Fusarium culmorum. In contrast
to these reports, Varkey and Nagaraj (2005) reported
that the structure-function relationship of defensins is
not applicable to all defensins or the importance of the
cysteine bonds is not always important for antimicrobial
activity. They reported that a peptide corresponding to
human defensin HNP-1 sequence that was devoid of
cysteines showed the same effectiveness against the
susceptible microbes as the native cysteine-rich defen-
sin HNP-1.

Antibacterial Activity

Ca-AFP (concentrations up to 200 ug/ml) showed no
effect on the growth of several gram-negative (e.g., E. coli
and Agrobacterium tumefaciens) and gram-positive (e.g.,
Bacillus subtilis and B. thurigiensis) bacteria in the assay.

According to Osborn et al. (1995), plant defensins
that are temperature-insensitive for biological function
show no antibacterial activity. Ca-AFP is in agreement
with this. Plant defensins like Dm-AFP41, Ah-AFP1, and Ct-
AFP1, which show functional temperature sensitivity, are
reported to have antibacterial activity against Bacillus
subtilis at 150 pg/ml, 100 ug/ml, and 15 pyg/ml concen-
trations, respectively (Osborn et al., 1995). However,
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these defensins did not affect the growth of other bacte-
ria such as E. coli. On the contrary, when mung bean
defensin (VrCRP) was screened against E. coli, it was
found to rupture the bacterial cells (Chen et al., 2002).
This probably reflects the relative importance of infec-
tion pressure from fungals as opposed to bacterial
pathogens on plants (Thomma et al., 2002). In contrast
to plant defensin peptides, defensins isolated from in-
sects, mussels, and humans are mainly active against
several bacteria and occasionally against fungi (Dimarcq
et al., 1998; Veldhuizen et al., 2008). Human defensin,
pBD-2, is reported to have very strong inhibition capabili-
ties against pathogenic bacteria at very low concentra-
tions (4-8 uM) with action time less than 3 hours.

Insect Cell Viability Assay

When toxicity on insects was analyzed, Ca-AFP
showed no toxicity effect on both types of lepidopteron
cell lines, namely, Sf21 and T. ni, in terms of growth and
viability. Cells in the controls as well as in the test sam-
ples grew uniformly and made monolayers. The Trypan
Blue exclusion method revealed viability comparable to
that of the control even in the presence of 200 ug/ml
Ca-AFP (Table 1). The viability data of Sf21 (F (4, 40) =
0.1028, P = 0.981) revealed no significant difference
among the concentrations. Similar results were found in
the T. ni cell line (F (4, 40) = 0.033, P = 0.999). Although
viability at all the concentrations (0-200 ug/ml) was sig-
nificantly affected in both cell lines with respect to time
(P <0.001), it can be concluded that Ca-AFP may not
have any toxic effect on insect cells.

A similar study was done with mung bean defensin,
VrCRP (Chen et al., 2002). However, in that study the
complete arrest of growth and rapture of Sf21 were
found with LCso 1.7 uM for the cell line. No other insect
cell lines were assayed against this defensin. Chen and
his colleagues (2005) studied larval development in the
presence of azuki bean defensin, VaD1, to study toxicity,
and they reported inhibition of larval development under
in vitro conditions. So far all the toxicity assessments on
insects are confined to only five families (Lovei & Arpaia,
2005). There is no study on insects belonging to
the Diptera order. More studies need to be done in a
wider spectrum in an ecologically realistic background
(Wraight et al., 2000).

Human Cell Viability Assay

Trypan Blue staining assays revealed that the viabil-
ity of two human hepatoma (Huh-7 and HepG2) and one
human kidney cell line (HEK 293) were comparable to
the control (without Ca-AFP) experiment (Table 1). Among
the various concentrations, the viability data of HEK 293
(F (4, 40) = 0.078, P = 0.989) revealed non-significant
differences. Similar results were found in the two hepa-
toma cell lines tested, namely, Huh-7 (F (4, 40) = 2.196,
P =0.087) and HepG2 (F (4, 40) = 0.106, P = 0.9798).
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However, over time viability was significantly affected (P
<0.001) in all the concentrations in all three cell lines. As
the change in treated samples is comparable to the
change in the control, it can be deduced that Ca-AFP may
not have any toxic effect on the human cell lines.

The viability of HEK 293 cells were further analyzed
through MTT assay (Table 2). The data indicated no sig-
nificant difference among different concentrations of Ca-
AFP and also without Ca-AFP (one-way ANOVA: F (4,15)
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= 1.253, P = 0.331). Therefore, Ca-AFP might not have
any effect on the viability of human cell lines.

When the morphology of HEK 293 and Huh-7 cells
was examined microscopically, they were found to
grow uniformly into monolayers without exhibiting any
morphological abnormalities (Figure 3). Both uncompro-
mised viability and unaltered morphology indicate that
Ca-AFP might not have any detrimental effect on human
cell lines.

Table 1
Means values (£SD) viability of cultured (Sf21, Tni, Huh-7, HepG2, HEK

293) cell line (n = 3) in presence of various concentrations of Ca-AFP.

Ca-AFP Concentrations (ug/ml)
Time (hrs) 0 (Control) 10 50 100 200
Sf21

0 99.00+0.00 99.00+0.00 99.00+0.00 99.00+0.00 99.00+0.00
24 08.17+0.48 98.13+0.65 908.13+0.51 98.07+0.15 08.13+0.31
48 96.48+0.11 96.40+0.35 96.3310.25 96.37+0.38 96.33+0.21
72 95.10+0.96 95.03+0.23 95.07+0.21 95.00+0.56 94.93+0.12
Tni

0 97.50+0.00 97.50+0.00 97.50+0.00 97.50+0.00 97.50+0.00
24 97.21+0.32 97.27+0.21 97.12+0.22 97.11+0.30 97.09+0.33
48 97.08+0.47 97.10+0.23 97.14+0.46 97.041+0.44 97.05+0.55
72 97.00+0.56 97.00+0.26 97.11+0.42 97.16+0.39 97.06+0.41

HepG2
0 97.67+0.58 97.67+0.58 97.67+0.58 97.67+0.58 97.67+0.58
24 97.3312.08 97.00+2.00 97.3310.58 97.33+1.15 97.00+1.73
48 97.33+1.53 97.33+1.53 97.3310.58 97.33+1.15 97.00+£1.00
72 95.00+2.65 94.67+2.52 94.67+0.58 95.33+1.53 94.67+1.15
Huh-7
0 97.3310.58 97.00+0.00 97.00+£0.00 96.33+1.53 96.67+1.53
24 96.67+0.58 96.331+0.58 96.331+0.58 95.67+0.58 96.00+1.00
48 96.00+1.00 95.67+0.58 95.331+0.58 95.00+1.00 95.33+1.53
72 95.33+0.58 95.00+0.00 95.00+1.00 94.331+0.58 94.67+1.15
HEK293

0 97.67+0.58 97.67+0.58 97.67+0.58 97.67+1.53 97.67+0.58
24 97.00+£1.00 96.83+0.29 96.70+1.25 97.00+1.00 97.00+£1.00
48 95.17+0.76 95.00+£1.00 95.33+1.15 95.00+£1.00 94.67+0.76
72 94.00+1.00 94.00+1.00 93.83+1.04 93.67+0.58 93.67+1.26

Table 2
Means values (£SD) of optical density (OD) during MTT assay in human HEK 293 cell line (n = 4)
and Haemolytic activity assays (n=3) in presence of various concentrations of Ca-AFP.

Ca-AFP Concentrations ml
Assays (ng/mil)
0 10 50 100 200
MTT 3.360+0.046 3.211+0.320 3.276+0.320 3.298+0.031 3.085+0.256
Haemolysis 0.139040.008 0.136+0.008 0.140+0.005 0.138+0.003 0.138+0.006
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Figure 3
Morphology of human cell cultures in presence and absence of Ca-AFP. Huh-7 cells growing on
medium without Ca-AFP; A. In presence of Ca-AFP; B. HEK 293 cells growing on medium in absence
of Ca-AFP; C. And in presence of Ca-AFP; D. Note that the cell morphology is similar irrespective to
the presence of Ca-AFP in all the cell lines. Photographs taken on the third day of the treatments.

4

In the haemolytic assay performed on human blood
cells, the percentage of erythrocyte lysis in the presence
of different concentrations of Ca-AFP (e.g., 10 ug/ml, 50
pg/mi, 100 pg/ml, and 200 pg/ml) was found similar
(15.06%, 15.46%, 15.24%, 15.24%, respectively) to the
control having only PBS (15.36%). The data indicated
that there is no significant difference among different
concentrations of Ca-AFP peptide-treated blood cell lysis
with the control (one-way ANOVA: F (4,10) = 1.253, P =
0.9619). Thus, the results demonstrated that Ca-AFP
might not have any detrimental effects on human blood
cells as well.

Similar observations with human cell cultures and
erythocytes have been reported for Rs-AFPs and
HvAMP1, plant defensins isolated from Radish and Aus-
tralian legume (Harrison et al.,, 1997; Terras et al.,
1992). The smallest cysteine-rich antimicrobial peptide
Ib-AMPs are also reported non-cytotoxic towards human
cell culture and erythocytes (Tailor et al., 1997). This
harmless effect can be due to its small size. However,
in contradiction to these molecules, y-thionin and
B-purothionin, which are also small and cysteine-rich
peptides, were found to have cytotoxic effects on human
diploid culture cells at a concentration as low as 25
pg/ml (Thomma et al.,, 2002). On the other hand, cys-
teine-rich human defensin, hBD-2 on MTT assay, showed
a dose-dependent effectiveness on human cell lines
M-HelLa and A431 (Markeeva et al., 2005). The hBD-2
caused a 1.5-1.7-fold increase in viability in comparison
to the control when tested at a concentration 0.01-2.0
ug/ml; however, the viability decreased at higher con-
centrations (3-5 yg/ml), and at a concentration of 20-40
pug/mi, a lytic effect was found.
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Immunogenicity Test for Allergen

To a large part, regulations by most countries ensure
that GM plants entering the food chain do not have any
negative health effects (Alexander et al., 2004). However,
plant foods derived from genetically modified plants
might represent new allergen sources, and therefore it is
necessary to evaluate them as potential allergens (GM
Compass, 2006). This evaluation is carried out by finding
the degree of similarity to other allergens (i.e., amino
acid sequence comparison to know whether the new se-
qguence provides epitope for antibody, animal tests, tests
with blood from individuals who are sensitive to allergies,
etc.). In the present study, a B cell epitope search was
performed with the amino acid sequence of Ca-AFP using
an online facility at www.imtech.res.in/raghava/bcepred.
This analysis revealed that Ca-AFP carries only one B cell
epitope, HLVSGRCR. This finding indicates that this epi-
tope might make the peptide less immunogenic or may
be less than the threshold to be immunogenic. When Ca-
AFP peptide was injected into laboratory mice, antibody
was not generated even after the third boost, supporting
the previous prediction. Approximately 25% of plant-
derived allergens belong to the plant defense molecules
(Hoffmann-Sommergruber, 2002). Their small size, high
stability at low pH, and resistance to proteolysis make
these molecules probable candidates for evoking an im-
mune response in predisposed humans. So far, plant-
derived allergens have been identified with sequence
similarities to these molecules. However, no such study
with plant defensin is reported. Many plant defense
molecules such as glucanase, chitinase, lipid-transfer
protein, etc. have been reported to have the potential to
be allergic through such epitope searches.

Vol. 13, No. 4, 2008



With the recent explosion of gene identity and func-
tional information about transgenes, the diversity of GM
crops is increasing very rapidly. This is also making pre-
dicting the possible detrimental effects of GM crops
more and more complex since transgenes can influence
the ecology of the recipient and associated organisms
immensely (Wilkinson et al., 2003). The toxicological
studies of the novel anti-fungal defensin, Ca-AFP, per-
formed in the present investigation gives a preliminary
idea of its biosafety in humans and other organisms.
This is much-needed information before considering any
gene to transfer into a crop plant. All the studies showed
that Ca-AFP is safe for humans and insects as well as
harmless for helpful bacteria. These features along with
broad-spectrum antifungal activity make Ca-AFP an at-
tractive candidate to use as a transgene to improve
many of our crop plants such as tomato, cabbage, and
other vegetables that are infected by susceptible fungi.
Although the present study shows that Ca-AFP is safe,
this preliminary study needs to be taken to a level of
extensive analysis for actual assessment of risk in order
to justify conducting field trials under the framework of
each country. Even more wide-ranging analyses of all
the biosafety issues need to be performed before the
commercialization of transgenics harboring the Ca-AFP
transgene.

Acknowledgements

The author acknowledges the receipt of pre-doctoral
fellowship from the International Centre for Genetic Engi-
neering and Biotechnology (ICGEB) in New Delhi, India.
This research work was part of her PhD undertaken at
ICGEB. The author thanks V. S. Reddy for his support
during the study and expresses gratitude to Reetesh Raj
Akhouri for the help extended during this study. The
author is also thankful to Haseeb Md. Irfanullah and
Fahmida Humaiyra for reviewing the manuscript critically
and assisting with statistical analyses.

Authors’ Note

Currently, Dr. Islam may be contacted at BRAC
University, Department of Mathematics and Natural Sci-
ences, 66 Mahakhali, Dhaka-1212, Bangladesh, Tele-
phone: +88-01817-114304, aparnai20@yahoo.com

References

Aerts, A. M., Francaois, I. E. J. A.,, Cammue, B. P. A., & Thevissen,
K. (2008). The mode of antifungal action of plant, insect and
human defensins. Cell and Molecular Life Sciences, 65,
2069-2079.

Agrios, G. N. (1997). Plant pathology (4th edition), pp. 1-635.
London: Academic Press.

Alexander, T. W., Sharma, R., Deng, M. Y., Whetsell, A. J,
Jennings, J. C., Wang, Y., et al. (2004). Use of quantitative real
time and conventional PCR of the cp4 epsps transgene from

www.absa.org

Applied Biosafety

Articles

Roundup Ready canola in the intestinal, ruminal, and fecal
contents of sheep. Journal of Biotechnology, 112, 255-266.
Bohlmann, H., & Apel, K. (1991). Thionins, Annual Review of

Plant Physiology, 42, 227-240.

Broekaert, W. F., Terras, F. R. G., Cammue, B. P. A., & Vander-
leyden, J. (1990). An automated quantitative assay for fun-
gal growth inhibition. FEMS Microbiology Letters, 69, 55-60.

Broekaert, W. F., Van-Parijis, J., Allen, A. K., & Pneumans, W. J.
(1988). Comparison of some molecular, enzymatic and anti-
fungal properties of chitinases from thorn-apple, tobacco
and wheat. Physiology of Molecular Plant Patholology, 33,
319-331.

Cammue, B. P. A., De Bolle, M. F. C., Terras, F. R. G., Proost, P.,
Damme, J. V., Rees, S. B., et al. (1992). Isolation and charac-
terization of a novel class of plant antimicrobial peptides
from Mirabilis jalapa L. seeds. Journal of Biological Chemis-
try, 267, 2228-2233.

Chen, G. H., Hsu, M. P., Tan, C. H., Sung, H. Y., Kuo, C. G., Fan,
M. J., et al. (2005). Cloning and characterization of a plant
defensin VaD1 from azuki bean. Journal of Agricultural and
Food Chemistry, 53, 982-988.

Chen, K. C., Lin, C. Y., Chung, M. C., Kuan, C. C., Sung, H. Y.,
Tsou, S. C. S., et al. (2002). Cloning and characterization of a
cDNA encoding an antimicrobial protein from mung bean
seeds. Botanical Bulletin of Academia Sinica, 43, 251-259.

Dimarcq, J. L., Bulet, P., Hetru, C., & Hoffmann, J. (1998). Cys-
teine-rich antimicrobial peptides in invertebrates. Biopoly-
mers, 47, 465-477 .

Dutton, A., Romeis, J., & Bigler, F. (2003). Assessing the risk of
insect resistant transgenic plants on entomophagous arthro-
pods: Bt maize expressing CrylAb as a case study. BioCon-
trol: Journal of the International Organization for Biological
Control, 48, 611-636.

Erik, A., & van Der, B. (2001). Quest for antimicrobial genes for
engineering disease-resistant crops. TRENDS in Plant Sci-
ences, 6, 89-91.

Finkina, E. I., Shramova, E. |., Tagaev, A. A., & Ovchinnikova, T.
V. (2008). A novel defensin from the lentil Lens culinaris
seeds. Biochemical and Biophysical Research Communica-
tions, 371, 860-865.

GM Compass. Food safety evaluation: The allergy check. Avail-
able at: www.gmo-compass.org/eng/agri_biotechnology/
breeding_aims/148.disease_resistant_crops.html. Accessed
on 28 November 2006.

Harrison, S. J., Marcus, J. P., Goulter, K. C., Green, J. L., Mac-
lean, D. J., & Manners, J. M. (1997). An antimicrobial peptide
from the Australian native Hardenbergia violacea provides
the first functionally characterised member of a subfamily of
plant defensins. Australian Journal of Plant Physiololgy, 24,
571-578.

Hoffmann-Sommergruber, K. (2002). Pathogenesis-related
(PR)-proteins identified as allergens. Biochemical Society
Transactions, 30, 930-935.

Islam, A. (2004). Role of a small cysteine-rich antifungal pro-
tein isolated from chickpea in host defense mechanism (pp.
1-129). PhD Thesis. New Delhi, India: International Centre
for Genetic Engineering and Biotechnology (I.C.G.E.B.), Jawa-
harlal Nehru University.

Kragh, K. M., Nielsen, J. E., Nielsen, K. K., Dreboldt, S., & Mik-
kelsen, J. D. (1995). Characterization and localization of new
antifungal cysteine-rich proteins from Beta vulgaris. Molecu-
lar Plant-Microbe Interactions, 8, 424-434.

Kristensen, A. K., Brunsted, J., Nielsen, J. W., Mikkelsen, J. D.,
Roepstorff, P., & Nielsen, K. K. (1999). Processing, disulfide

Vol. 13, No. 4, 2008 229



Articles

pattern and biological activity of a sugar beet defensin, AX2,
expressed in Pichia pastoris. Protein Expression and Purifi-
cation, 16, 377-387.

Laemmli, L. K. (1970). Cleavage of structural proteins during
the assembly of the head of the bacteriophage T4. Nature,
227, 680-685.

Leah, R., Tommerup, H., Svendsen, I., & Mundy, J. (1991). Bio-
chemical and molecular characterization of three barley
seed proteins with antifungal properties. Journal of Biologi-
cal Chemistry, 266, 1564-1573.

Liu, Y., Luo, J., Xu, C., Ren, F., Peng, C., Wu, G., et al. (2000).
Purification, characterization and molecular cloning of the
gene of a seed-specific antimicrobial protein from pokeweed.
Plant Physiology, 122, 1015-1024.

Lovei, G. L., & Arpaia, S. (2005). The impact of transgenic
plants on natural enemies: A critical review of laboratory
studies. Entomologia Experimentalis et Applicata, 114, 1-14.

Markeeva, N., Lysovskiy, I., Zhuravel, E., Soldatkina, M., Ly-
zogubov, V., Usenko, V., et al. (2005). Involvement of human
beta-defensin-2 in proliferation of transformed cells of hu-
man cervix. Experimental Oncology, 27, 308-313.

Mauch, F., Mauch-Mani, B., & Boller, T. (1988). Antifungal hy-
drolases in pea tissue. Il Inhibition of fungal growth by com-
bination of chitinase and B-1,3-glucanase. Plant Physiology,
88, 447-457.

Osborn, R. W., De Samblanx, G. W., Thevissen, K., Goderis, .,
Torrekens, S., Van Leuven, F., et al. (1995). Isolation and
characterization of plant defensins from seeds of As-
teraceae, Fabaceae, Hippocastanaceae and Saxifragaceae.
FEBS Letters, 368, 257-262.

Reddy, V. S., Hassari, A., & Islam, A. (2004). New antifungal
protein isolated from the seeds of chickpea, methods for
isolation of such proteins, cloning of the encoding gene and
transgenic plants incorporating such genes. Indian Patent
Application No. 2617/DEL/2004. December 31, 2004.

Sambrook, J., Fritsch, E. F., & Maniatis, T. (1989). Molecular
cloning. A laboratory manual. Cold Spring Harbor, NY: Cold
Spring Harbor Laboratory Press.

Segura, A., Moreno, M., Molina, A., & Garcia-Olmedo, F. (1998).
Novel defensin subfamily from spinach (Spinacia oleracea).
FEBS Letters, 435, 159-162.

Snow, A. A., Andow, D. A, Gepts, P., Hallerman, E. M., Power,
A., Tiedje, J. M., et al. (2005). Genetically engineered organ-

isms and environment: Current status and recommenda-
tions. Ecological Applications, 15, 377-404.

Tailor, R. H., Acland, D. P., Attenborough, S., Cammue, B. P. A,,
Evans, I. J., Osborn, R. W,, et al. (1997). A novel family of
small cysteine-rich antimicrobial peptides from seed of Impa-
tiens balsamina is derived from a single precursor protein.
Journal of Biological Chemistry, 272, 24480-24487 .

Terras, F. R. G., Eggermont, K., Kovaleva, V., Raikhel, N. V.,
Osborn, R. W., Kester, A., et al. (1995). Small cystein-rich
antifungal proteins from radish: Their role in host defense.
Plant Cell 7, 573-588.

Terras, F. R., Torrekens, S., Van Leuven, F., Osborn, R. W., Van-
derleyden, J., Cammue, B. P., et al. (1993). A new family of
basic cysteine-rich plant antifungal proteins from Brassica-
ceae species. FEBS Letters, 316, 233-240.

Terras, F. R. G., Schoofs, H. M. E., De Bolle, M. F. C., Leuven, F.
V., Rees, S. B., Vanderleyden, J., et al. (1992). Analysis of
two novel classes of plant antifungal proteins from Radish
(Raphanus sativus L.) seeds. Journal of Biological Chemistry,
267, 15301-153009.

Thomma, B. P. H. J., Cammue, B. P. A., & Thevissen. K. (2002).
Plant defensins. Planta, 216, 193-202.

Young, T. (2004). Genetically modified organisms and bio-
safety: A background paper for decision-makers and others
to assist in consideration of GMO issues (pp. 1-56). Gland,
Switzerland and Cambridge, UK: IUCN.

Varkey, J., & Nagaraj, R. (2005). Antibacterial activity of human
neutrophil defensin HNP-1 analogs without cysteines. Antim-
icrobial Agents and Chemotherapy, 49, 4561-4566.

Veldhuizen, E. J. A, Rijnders, M., Claassen, E. A., Dijk, A., &
Haagsman, H. P. (2008). Porcine B-defensin 2 displays
broad antimicrobial activity against pathogenic intestinal
bacteria. Molecular Immunology, 45, 386-394.

Vigers, A. J., Robbert, W. K., & Selitrennikoff, C. P. (1991). A
new family of plant antifungal proteins. Molecular Plant-
Microbe Interactions, 4, 315-323.

Wilkinson, M. J., Sweet, J., & Poppy, G. M. (2003). Risk assess-
ment of GM plants: Avoiding gridlock? Trends in Plant Sci-
ence, 8, 208-212.

Wraight, C. L., Zangerl, A. R., Carroll, M. J., & Berendaum, M. R.
(2000). Absence of toxicity of Bacillus thurigiensis pollen to
black swallowtails under field condition. Proceedings of the
National Academy of Sciences USA, 97, 7700-7703.

Join a Committee

Have you ever considered joining a committee? When you choose to serve on a volunteer committee, you open

p a world of possibilities for networking, professional growth, and career opportunities while serving your profession.
Volunteer member groups are the backbone of the association because they: serve as a forum for exchange of
information; advance the science in all specialties of biosafety; develop guidelines and standards; provide education
and training; and link ABSA to many other institutions.

You should explore committees in areas of the profession where you are active or have an interest. There is a great
variety; you can be sure to find one of interest to you. Please review the list of committees and identify those areas in
which you would like to participate or contact the chair of the committee (www.absa.org/abocommittees.html) that
interests you to find out more information about the committee’s goals. You are also invited to attend the committee’s
meeting during our annual conference or at any other time (all committee meetings are open).

230 www.absa.org  Applied Biosafety Vol. 13, No. 4, 2008




