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Antimicrobial peptides (AMPs) are crucial innate defense molecules with potential
applications in agriculture and medicine. In this study, whole-body extracts of the
leaf-weaver ant Oecophylla smaragdina were investigated for antimicrobial activity.
Crude extracts were fractionated using preparatory RP-HPLC into two peptide-enriched
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fractions and peptide presence was confirmed by MALDI-TOF mass spectrometry
with mass ranges of 304.4-2511.3 Da (crude extract), 212.7-2892.5 Da (fraction 1)
and 543.1-1912.7 Da (fraction 2). Protein concentrations were 3.58 mg/mL for crude
extract, 1.48 mg/mL for fraction 1 and 1.65 mg/mL for fraction 2. Antimicrobial activity
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. was tested against Xanthomonas oryzae, Escherichia coli, Staphylococcus aureus and
Interpretation and data i o
analysis the phytopathogenic fungus Alternaria alternata. Crude extracts produced inhibition

zones of 172.9 + 34.6 mm? (X. oryzae), 141.5+ 17.3 mm? (E. coli) and 84.8 = 9.4 mm?
(S. aureus). Fraction 2 at 100 pg/uL generated inhibition zones comparable to
tetracycline against X. oryzae (333.9 +23.0 mm? vs. 430.1 + 34.8 mm?). Both fractions
significantly inhibited fungal mycelial growth with crude extract showing superior
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inhibition at early incubation stages. These findings confirm that O. smaragdina

roduces bioactive peptides with possible antibacterial and antifungal activity,
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underscoring its potential as a novel source of AMPs for sustainable crop protection
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and antimicrobial development.
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ANTIMICROBIAL peptides (AMPs) are short
sequences of amino acids that play a critical role
in innate defense across diverse taxa, including
insects, vertebrates, plants, crustaceans, and
microorganisms (Peterson and Kaur, 2018; Wu et al.,
2018). They are of growing interest as alternatives to
conventional antibiotics because of their broad-
spectrum activity and lower tendency for resistance
development (Keerthi et al., 2025; Sahu and
Brahmaprakash, 2018; Merrifield et al., 2007; Wang,
2014). Thousands of AMPs have been characterized
from a wide range of organisms and their applications
extend to medicine, agriculture and food preservation
(Cammue et al., 1992; Tam et al., 2015; Santos et al.,
2018). Despite this diversity, AMPs from ant venoms

remain relatively understudied compared to those from
snakes, spiders, and scorpions (Radis et al., 2015;
Fratini et al., 2017).

Ants (Hymenoptera: Formicidae) are ecologically
dominant insects with more than 17,000 described
species (Parr and Bishop, 2022). Their success in
evolution has been partly attributed to their reliance
on chemical defenses, including venoms and
secretions that protect colonies from pathogens and
predators (Cerda and Dejean, 2011). Ant venoms
contain a variety of compounds, but short linear
peptides are especially prominent in antimicrobial
activity (Touchard et al., 2015). Although studies have
identified peptides with antibacterial, antifungal and
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insecticidal properties in certain ant species (Aili
et al., 2014 and Touchard et al., 2016), the diversity
of ant-derived AMPs remains largely unexplored.

The leaf-weaver ant Oecophylla smaragdina is a
widely distributed arboreal species in Southeast Asia
and northern Australia (Bluthgen and Fiedler, 2002).
Known for constructing leaf nests using larval silk,
this species is ecologically important as both a
territorial predator and an effective biological control
agent in tropical agriculture (Peng and Christian,
2004). While O. smaragdina has been thoroughly
studied for its role in pest management, its venom
and peptide repertoire remain poorly characterized.
Given the increasing need for novel antimicrobials in
both clinical and agricultural settings, exploring
O. smaragdina as a source of AMPs could yield new
possibilities for bioactive compounds with dual
applications.

In the present study, we investigated the antimicrobial
potential of crude extracts and peptide fractions
derived from whole-body homogenates of
O. smaragdina. Using RP-HPLC fractionation and
MALDI-TOF mass spectrometry, we identified
peptide-rich fractions and assessed their activity
against bacterial and fungal pathogens of medical and
agricultural importance. This study provides the first
evidence that O. smaragdina harbors bioactive
peptides with potent antimicrobial activity, expanding
the repertoire of ant-derived AMPs and highlighting
their potential applications in sustainable disease
management.

MATERIAL AND METHODS

Collection of O. smaragdina and Crude Peptide
Extraction

Worker ants (5-7 mm) of O. smaragdina were
collected manually from approximately 60 nests
located in the Botanical Garden of the University of
Agricultural Sciences, GKVK, Bengaluru and the
National Bureau of Agricultural Insect Resources,
Bengaluru, India. Collections were made between
February 15 and April 25,2021, during peak foraging
activity (06:30-10:30 h and 14:00-17:00 h). Ant

specimens were identified and voucher samples were
deposited at the Bioprospecting Referral Collection,
School of Ecology and Conservation, UAS,
Bangalore.

Approximately 20,000 ants were pooled and processed
for extraction. Ants were weighed in batches of 10 g,
homogenized in acetonitrile: water (50:50, v/v)
containing 0.1 per cent Tri Fluoro Acetic acid (TFA)
and stored at -20 °C. Homogenates were subjected to
ultrasonic disruption (pulse mode, 5 min), followed
by centrifugation at 10,000 rpm for 10 min at 4 °C.
Supernatants were concentrated using a vacuum
concentrator at 30 °C, lyophilized and stored at -80
°C until further use.

Protein Estimation

Protein content of crude extracts and fractions was
determined with the Bradford assay, compared to
Bovine Serum Albumin (BSA). Absorbance was
measured at 595 nm using a microplate reader and
protein concentrations were tested from the regression
equation derived from the standard curve.

HPLC Fractionation

Crude extracts were fractionated by preparative
reverse-phase  High-Performance  Liquid
Chromatography (RP-HPLC) using a C18 column
(Phenomenex, 5 pm, 250 x 4.6 mm) on a Shimadzu
LC-20AT system equipped with a UV detector
(A =214 nm). The binary gradient system consisted
of solvent A (water with 0.1% TFA) and solvent B
(acetonitrile with 0.1% TFA). Separation was
achieved using the following gradient at flow rate of
5 mL/min: 0-1 min, 0-10% B; 1-16 min, 10-75%
B; 16-19 min, 95% B; 19-22 min, 95-10% B.
Manually collected fractions were lyophilized, stored
at -20°C and divided into two principal fractions
according to retention durations.

MALDI-TOF Mass Spectrometry

Peptide mass analysis of crude extracts and fractions
was performed using a Bruker Ultraflex TOF/TOF
mass spectrometer (Bruker Daltonics, Germany)
equipped with a 337 nm nitrogen laser. Samples were
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reconstituted in 0.1 per cent TFA, mixed with an
equal volume of matrix solution (a-cyano-4-
hydroxycinnamic acid), spotted onto a MALDI plate
and air-dried. Spectra were acquired in both positive
and negative ion modes across a mass range of m/z
200-3000 Da. Data were analyzed with Flex Analysis
software (Bruker Daltonics, v2.0).

Microbial Strains and Culture Conditions

Test organisms included Staphylococcus aureus
(MTCC 3160), Escherichia coli (MTCC 2692),
Xanthomonas oryzae (MTCC 11102) and the
saprophytic fungus Alternaria alternata (MTCC
3793), obtained from the Institute of Microbial
Technology (IMTECH), Chandigarh, India.

Antibacterial Assay

Antibacterial activity was tested by the disc diffusion
method. Bacterial cultures were adjusted to
OD600 = 0.4 and mixed with molten nutrient agar
before pouring into the sterile Petri plates. Sterile 6
mm paper discs (HiMedia, SD067) were impregnated
with 10 puL of crude extract or fraction at
concentrations ranging from 10-100 pg/pL
(corresponding to 100-1000 pg per disc). Tetracycline
(30 pg/disc) was used as a positive control, while
solvent alone served as the negative control. Plates
were kept and incubated at 37 °C for 12 h, and
inhibition zones were measured in mm?.

Antifungal Assay

Antifungal activity was evaluated against 4. alternata
using the poisoned food method. Extracts and fractions
were incorporated into molten potato dextrose agar
(PDA) at defined concentrations and poured into
sterile Petri plates. Mycelial plugs (5 mm) from the
actively growing cultures were placed at the center of
each plate. Plates were incubated at 28 = 2 °C for 8
days. Colony diameters were measured and percentage
inhibition of mycelial growth was calculated relative
to untreated controls following Satish et al. (2017).

Statistical Analysis

All the experiments were conducted in triplicate
(three biological replicates with three replicates each).
Data are expressed as mean + standard deviation (SD).

Statistical analysis was performed using one-way
analysis of variance (ANOVA) followed by
Tukey’s post hoc test in OPSTAT software. A value
of p < 0.05 was considered statistically significant.

RESULTS AND DISCUSSION
Protein Estimation

The protein concentration of crude extracts and
fractions of O. smaragdina was quantified by the
Bradford assay. Crude extract contained 3.58 mg/mL
protein, whereas fraction 1 and fraction 2 contained
1.48 mg/mL and 1.65 mg/mL, respectively (Table 1).
This indicates that fractionation reduced total protein
content, possibly due to the separation of specific
peptide components during purification.

TaBLE 1
Protein concentration of crude extract and

peptide fractions of O. smaragdinawas
determined by Bradford assay

Sample Protein concentration (mg/mL)
Crude extract 3.58
Fraction 1 1.48
Fraction 2 1.65

Antibacterial Activity of Crude Extract

Disk diffusion assays demonstrated that crude extracts
inhibited the growth of all three tested bacterial
pathogens. Inhibition zones were 172.9 + 34.6 mm?
for X. oryzae, 141.5+17.3 mm? for E. coli and 84.8 +
9.4 mm? for S. aureus. No inhibition was observed in
solvent controls, confirming that activity was due to
extract components. Positive control tetracycline
disks produced zones of 391.1 &+ 72.6 mm? (X. oryzae),
301.2 = 28.1 mm? (E. coli) and 301.7 £ 1.0 mm?
(S. aureus) (Fig. 1 and Table 2). The crude extract
of O. smaragdina exhibited significant antibacterial
activity against all tested pathogens with the
highest inhibition observed against X. oryzae,
followed by E. coli and S. aureus. Although the
inhibition zones were lower than those of the
tetracycline control, the results confirm the broad-
spectrum antibacterial potential of the crude extract.
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Staphylococcus aureus

Xanthomonas oryzae

Escherichia coli

Fig. 1 : Antibacterial activity of crude extracts of O. smaragdina

TABLE 2

Antibacterial activity of crude extracts of O. smaragdina against selected pathogens

expressed as inhibition annule (mm?) £ SD

Microorganism Positive coptrol Crude extract Negative
(Tetracycline) control

X. oryzae 391.06 + 72.63 * 172.94 +34.57 © 0

E. coli 301.21 =+ 28.09 ° 141.54 £17.26 0

S. aureus 301.71 = 1.00 ° 84.75 + 9.38 ¢ 0

Values are mean + standard deviation (n = 3). Different superscript letters within a row indicate significant differences at p < 0.05

HPLC Fractionation and Peptide Profiling

Preparative RP-HPLC resolved crude extracts into two
major fractions based on retention times:
fraction 1 (2.6-5.1 min) and fraction 2 (9.8—14.0 min)
(Fig. 2). MALDI-TOF analysis confirmed the
presence of peptides in crude extracts and fractions.
The crude extract exhibited peptide masses ranging
from 565 to 2511.3 Da (Fig. 3), fraction 1 from 313
to 1867 Da (Fig. 4) and fraction 2 from 909 to 1904
Da (Fig. 5). RP-HPLC successfully separated the
crude extract of O. smaragdina into two distinct
peptide fractions based on retention time, indicating
compositional diversity in peptide polarity. MALDI-
TOF MS profiling further confirmed the presence of
low-molecular-weight peptides across all samples,
suggesting that both fractions retained bioactive
peptide constituents responsible for antimicrobial
activity.

Antibacterial Activity of Fractions

Fractions displayed concentration-dependent
antibacterial activity (Table 2). Fraction 1 inhibited
X. oryzae with zones increasing from 15.9 £ 2.7 mm?
at 10 pg/pl to 82.7 + 8.0 mm? at 100 pg/uL. Against
E. coli and S. aureus, inhibition was lower, reaching
15.8 £ 2.8 mm? and 37.7 + 3.4 mm? at 100 pg/uL,
respectively. Fraction 2 exhibited stronger activity
with inhibition zones of 65.9 = 5.4 mm? at 10 pug/pL
and 333.9 £ 23.0 mm? at 100 pg/uL against X. oryzae.
At 100 pg/uL, E. coli inhibition was 184.7 + 12.4
mm?, while S. aureus showed weak inhibition (6.9 +
0.5 mm?). At the highest concentration, fraction 2
showed inhibition comparable to tetracycline for
X. oryzae (333.9 vs. 430.1 mm?). Both peptide
fractions of O. smaragdina exhibited dose-dependent
antibacterial activity with Fraction 2 showing
markedly higher inhibition against X. oryzae and
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Fig. 2 : The RP-HPLC profile of crude extract from O. smaragdina, which has been subjected to Preparative Reverse-Phase HPLC;
peptide fractions were selected manually based on retention time: fraction 1 (2.58-5.1min), fraction 2 (9.8-14 min)
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Fig. 3 : Peptide mass analysis of bioactive fraction of O. smaragdina by MALDI-TOF MS analysis using
Ultraflex TOF/TOF mass spectrometer
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& inhibition, with significantly higher suppression at time, confirming dose-dependent antifungal activity
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B incubation with no significant differences between antifungal activity against 4. alternata, reaching a
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TABLE 3

Antibacterial activity of peptide fractions of O.

smaragdina against selected pathogens by

Kirby-Bauer disc diffusion assay

Fraction Level Xanthomonas oryzae  Escherichia coli Staphylococcus
(pg/ul) (mm? £+ SD) (mm? + SD) aureus (mm? = SD)
NC ] 0 0 0
10 1588 + 267 *® 0 0
Fraction 1 50 6599 £ 3.60 h 8.67 = 0.56 t 17.52 £2.10 ®
100 82.67 £ 7.96 ¢ 1581 +£2.76 * 37.71 + 337 &
PC _ 413.56 +£16.14 " 327.41 £11.39® 301.24 + 6.39 ¢
NC ] 0 0 0
10 6599 + 537 0 0
Fraction 2 50 100.59 + 3.12 © 63.02 £1.95 0
100 333.92 +£23.01 ° 184.66 +12.42¢ 6.88 +£ 047 "
PC ] 430.06 +34.76 * 320.78 +£23.89 ® 298.69 £ 3.66 °©

Values are mean + SD (n = 3). NC = Negative control; PC = Positive control (Tetracycline). Different superscript letters within a
column indicate significant differences at p < 0.05

TABLE 4

Effect of crude extract and peptide fractions of O. smaragdina on mycelial
growth inhibition of A. alternata over 9 days

No. of Crude (% Fraction 1 (% Fraction 2 (%
days inhibition + SD) inhibition + SD) inhibition + SD)
1 2479 + 2.83 bedef 19.85 + 5.47 cdefe 599 £ 453 ¢

2 50.51 £ 4.17 * 1531 + 3.11°¢® 22.10 £ 6.36 bodefe

3 4541 £15.08 = 13.37 £ 6.30°% 1511 £ 5.49 °ft
4 33.11 £ 5.55 abede 23.69 + 4,33 bedele 23.58 + 3.06 bedefe
5 39.77 £ 771 19.18 + 7.01 ot 17.81 £ 590 df
6 3722 £ 6.26 ¢ 21.51 + 3.62 bedele 16.18 £10.19 °&
7 3594 + 1.83 @b 19.77 + 1.78 <dfe 16.14 + 4.38 °f%
8 3525 £ 521 @« 21.20 + 5.3] bedele 17.70 £ 6.46 “f
9 3338 + 3.33 abede 2491 £+ 2.4] bodef 19.03 £ 0.67 cofe

Values are mean + SD (n = 3). Different superscript letters within a column indicate statistically significant differences at p < 0.05

day 2, followed by a gradual decline over time. In
contrast, Fraction 1 and Fraction 2 showed lower
inhibition levels (ranging from 13-25 and 6-24%,
respectively) but maintained relatively stable activity
throughout the 9-day incubation. This suggests that
the crude extract possesses stronger initial antifungal
compounds, while the peptide fractions exert
prolonged but weaker inhibitory effects on fungal
growth (Table 3).
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