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ABSTRACT

The Yongchak, also known as Parkia timoriana or Tree bean, is a native legume found in Northeast India. It's known for
its nutritional, antioxidant, and antibacterial properties. But what's interesting is that the bacteria that live inside this plant,
called endophytes, might be contributing to these beneficial properties. Our goal was to isolate these bacterial endophytes
and see if they have any potential as pharmaceuticals or in promoting plant growth. We took eight different types of bacteria
from the Yongchak and tested them against various other bacteria and fungi that can harm plants. We also looked at how
well they could scavenge free radicals, produce plant growth hormones, and solubilize phosphates. Two of these bacteria,
STY4 and STY6, stood out and were tested further in a controlled environment with a local rice variety called Thoibi. STY6
was particularly effective against several types of bacteria, including Staphylococcus aureus and Micrococcus luteus. It
also showed strong activity against Escherichia coli and Pseudomonas aeruginosa. Additionally, it was able to inhibit the
growth of two types of fungi that can harm plants, Fusarium oxysporum and Curvularia oryzae. STY6 also had the lowest
ICso values, which means it was very effective at scavenging free radicals. When we combined STY4 and STY6, we saw a
significant increase in rice growth, including longer shoots and more biomass. This suggests that these bacterial endophytes
could be useful in agriculture. To our knowledge, this is the first time anyone has isolated and studied the bacterial
endophytes from the Yongchak. Our results suggest that these endophytes could be a source of new pharmaceuticals or
agricultural biotechnology products. While we can't say for sure whether the beneficial properties of the Yongchak are due
to these endophytes, our findings support the idea that they might be contributing to the plant's bioactive chemical pool.
Further research, including identifying the bacteria using 16S rRNA, sequencing their genomes, and studying their
metabolites, is needed to fully understand their potential.

Keywords: Parkia timoriana; Yongchak; Tree bean; legume; bacterial endophytes; antimicrobial; antioxidant;
pharmaceutical natural products; secondary metabolites; genome mining; Thoibi rice.

How to cite this article: Shantirani Thokchom1 Saikat Mukherjee2*. ORIGINAL RESEARCH ARTICLE. Int J Drug Deliv Technol.
2026;16(84s):352-357. DOI: 10.25258/ijddt.16.84s.40.

INTRODUCTION

Endophytic bacteria can be defined as bacteria those
inhabit plant tissues without producing overt disease.
They are gradually getting recognized for production of
secondary metabolited which are chemically diverse.
These molecules can be antifungal, antibacterial,
antioxidants,  anti-inflammatory = and  cytotoxic
compounds. Therefore, bacterial endophytes are
attaractive sources for natural products and can lead to
drug discovery programmes. '

Bacterial endophytes also helps in plant performance by
production of phytohormones such as auxins,
siderophore mediated iron acquisition, nutrient
mobilization and other mechanisms. 4

In North East India, specially Manipur, an indigenous
tree legume, Parkia timoriana (DC.) Merr., locally
known as Yongchak ( commonly known as Tree Bean) is
an important food resource. In addition, food processing
is being attempted for value addition and year round
utilization.

As reported through GC-MS and Molecular Docking
Analyses, various phenolics, flavonoids and compounds
showing antibacterial and antifungal activities are
reported. ®
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In addition, recent study have documented antioxidant
and nutritional properties in pod anatomical fractions of
the Yongchak.”

These researches suggest that although bioactive
properties in plant tissues are generally attributed to plant
metabolites, however, bacterial endophytes can produce
their own specialized secondary metabolites and also
influence host metabolism. %3

Endophytes of Yongchak can, therefore, be worth
studying to describe such uncharacterized bioactive
components which can have pharmaceutical and
nutraceutical potential.

Therefore our research objectives were to isolate such
culturable endophytic bacteria from Yongchak, and
assess their antifungal, antibacterial and antioxidant
activities. In addition, we also tested their PGP properties
and growth promoting activities on local rice cultivar
Thoibi, thereby, establishing its role in both therapeutic
and nutraceutical potential.

Our next goal is to create a roadmap that connects
phenotypic screening to molecular identification, whole-
genome sequencing, biosynthetic gene-cluster mining,
metabolite mining, and finally bioactivity-guided
purification. So far, this is the first report on isolation and
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characterization of bacterial endophytes from from P.
timoriana .

MATERIALS AND METHODS

Plant material and isolation of bacterial endophytes
We collected healthy Yongchak, from Manipur, India.
We removed the skin from the tree bean, and then
sterilized the pods using a special five-step sterilization
process. This involved washing them with different
chemicals like NaOCl, Na>S>03, C.HsOH, H>O, and
NaHCO:3, one after the other, followed by rinsing them
three times with sterile water. After that, we cut the sterile
pods into pieces and put them on starch casein nitrate
agar, which had some extra ingredients like
cycloheximide and nalidixic acid to prevent any fungi or
bacteria from growing. We kept these plates at 30°C for
3-4 weeks, until we saw some distinct bacterial colonies
growing. Then, we took these colonies and grew them
again on fresh plates, twice, at the same temperature, but
for a shorter time of 5 days, to make sure we had pure
cultures of the bacteria. We ended up with eight different
kinds of bacteria, which we labeled as STY'1 to STYS. To
make sure our sterilization process was working
correctly, we also took the final rinse water and plated it
to see if any bacteria would grow, as a control.
Antibacterial assay

Antibacterial activity was assessed against three test
pathogens such as Staphylococcus aureus, Micrococcu
luteus, Escherichia coli and Pseudomonus aeruginosa
which were procured earlier from IMTECH, Chandigarh
using agar diffusion-based screening assay. Inhibition
zones were measured in millimeters and the results were
expressed as mean + SD from three replicates (n=3).
Antifungal assay

Antifungal activity of the endophytic bacterial isolates
were tested against four phytopathogenic fungi such as
Fusarium. oxysporum, Rhizoctonia solani, Curvularia
oryzae and Bipolaris oryzae by dual-culture inhibition.
Percentage inhibition of radial growth was estimated
relative to the uninoculated fungal control. We recorded
the results as mean = SD (No of replicates =3).
Antioxidant assays

Antioxidant activity of the endophytic bacterial isolates
was evaluated by DPPH and ABTS radical-scavenging
assays. ICso values were estimated using nonlinear
regression; in principle, lower ICso values confirm
stronger radical-scavenging activity. Our results were
recorded as mean £ SD (No of replicates =3).

Plant growth-promoting traits

We assessed the plant growth promoting traits of the
endophytic bacterial isolates. We evaluated IAA
production using Salkowski reagent after growth in
tryptophan-supplemented medium. Phosphate
solubilization was monitored and quantified in
phosphate-containing broth. Siderophore production was
evaluated using the chrome azurol S assay procdedure
and results were expressed as percentage siderophore
units. Ammonia production was spectrophotometrically
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quantified. We recorded our results as mean + SD (No of
replicates =3).
Rice growth-promotion experiment
STY4 and STY6 were short listed from the functional
screen for nethouse trials. Surface-sterilized seeds of the
local rice cultivar Thoibi were incubated with endophytic
bacterial suspensions in various combinations and
maintained under nethouse conditions for 60 days.
Following treatments were tested ; To, uninoculated
control (Nutrient Broth only); Ti, STY4; T2, STY6; and
T3, STY4+STY6 consortium. We measured the changes
in Shoot length, root length, fresh biomass, dry biomass
and SPAD chlorophyll values among the treated and
untreated samples.
Statistical analysis
We reported our data as mean + SD. For the rice
experiment. Our experimental dataset includes
significance-group letters from one-way ANOVA
followed by Tukey’s multiple-comparison test at p<0.05.
Ethics statement
The study involved only plant material and bacterial
cultures and there was no involvement of human
participants or vertebrate animals.
RESULTS
Antibacterial activity
All eight isolates (STY1-STY8) inhibited at least one test
pathogenic bacterium (Table 1; Figure 1). STY6 showed
the strongest and broadest activity, producing inhibition
zones of 21.6+1.0 mm against S. aureus, 22.0+0.8 mm
against M. luteus, 19.5+0.8 mm against E. coli and
17.4+0.6 mm against P. aeruginosa. STY4 was ranked
next showing inhibition zones ranging from 15.0+0.8 to
20.0+0.8 mm.
Table 1. Antibacterial activities of bacterial
endophytes isolated from Yongchak

Name of S. M. E. P.

Bacterial | aureus | luteus | coli | aeruginosa

Isolate (mm) (mm) | (mm) (mm)
12+ 13+ 10+

STY1 9+0.2
0.4 0.2 0.3

15+ 162+ | 13+
STY2 12+0.7
0.7 0.6 0.6

17 £ 18 £ 15.5

STY3 14+0.6
0.9 0.4 +0.9
19.2 + 20+ 17.2
STY4 15+0.8
0.7 0.8 +0.6
143 + 15+ 12.8
STYS 11.2+04
0.4 0.8 +0.5
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21.6+ 22 + 19.5
STY6 17.4+£0.6
1.0 0.8 +0.8

l6.6+ | 172+ | 15+
STY7 134+04
0.6 0.8 0.6

135+ | 145+ | 12+
STYS8 10+0.3
0.5 0.5 0.4

Values are mean + SD, n=3.

Antibacterial activity of Yongchak endophytes

S, aureus
-

Inhibition zone (mm)

Figure 1. Antibacterial activity of STY1-STYS. Bars show
mean £ SD (n=3).

Antifungal activity

In addition, the endophytic bacterial isolates also
displayed significant antifungal activity (Table 2; Figure
2). STY6 inhibited F. oxysporum by 73.0£2.5%. C.
oryzae was inhibited by 74.5+2.5% by STY6. STY4
produced the highest inhibition against R. solani
(69.2+2.2%), while STY6 showed 66.5+2.2% inhibition
against B. oryzae.

Table 2. Antifungal activity of bacterial endophytes
isolated from Yongchak

Name of F. R. C. B.

Bacterial | oxysporum | solani | oryzae | oryzae

Isolate (%) (%) (%) (%)

31.2+ | 383+ | 305+
1.4 1.5 1.2

STY1 35+1.7

445 + 51+ | 435+
1.6 1.8 1.6

STY2 48 £2

555+ | 615+ | 522+
STY3 582+2.3

2 2.1 1.8
69.2+ | 70.2+
STY4 67.2+2 62+2
22 2

422 + 49 + 40 +
1.6 1.8 1.5

STYS 45+£1.6

745+ | 665+
2.5 22

STY6 73+£2.5 68+2

51.5+ 58+ 50+
1.8 1.8 1.6

STY7 545+2

364+ | 423+ | 35+
1.4 1.5 1.3

STYS8 39.5+1.5

Values are mean + SD, n=3.

Antifungal activity of Yongchak endophytes
== Foxysporum W C.oryzae
= R solani == 5. oryzae

Mycelial inhibition (%)
s
8

20

Figure 2. Percentage mycelial inhibition by STY1-STYS.
Bars show mean + SD (n=3).

Antioxidant activity

STY6 showed the strongest antioxidant profile, with
DPPH and ABTS ICso values of 42.6+1.8 and 39.1+1.6
pg/mL, respectively (Table 3; Figure 3). STY4 was the
second strongest endophytic bacterial isolate in
antioxidant assay (49.8+2.1 and 45.3%+1.9 pg/mL). These
activities have significance in pharmaceutical screening
as oxidative-stress-modulating natural products will
guide for further pharmacological investigation, inspite
the fact that radical-scavenging assays alone do not
confirm therapeutic efficacy.

Table 3. Antioxidant activity of bacterial endophytes
isolated from Yongchak

Name of
DPPH ICso ABTS ICso
Bacterial
(ng/mL) (ng/mL)
Isolate
STY1 96.4+3.8 88.6+ 3.1
STY?2 783+3 70.5+£2.8
STY3 61.7+£2.6 574+23
STY4 498 £2.1 453+19
STYS 82.5+3.2 74.8+2.9
STY6 426+1.8 30.1+1.6
STY7 65.4+2.7 59.8+2.5
STYS 89.7+3.5 80.6 £3
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Values are mean + SD, n=3. Lower ICsy indicates
stronger radical-scavenging activity.

Antioxidant activity of Yongchak endophytes

._.
1
3

s DPPH IC50
I ABTS IC50

@
8

=
3

= stronger activity)

IC50 (ug/mL; lower

Figure 3. DPPH and ABTS IC50 values of STYI-STYS.
Bars show mean + SD (n=3).
Plant growth-promeoting traits
In evaluation of plant growth promoting traits, STY6
showed the highest values for all four PGP parameters:
TAA 61.4+1.4 pg/mL, phosphate solubilization 58.0+1.2
pg/mL, siderophore production 62.1+1.5% and ammonia
49.2+1.2 ng/mL (Table 4; Figure 4). STY4 was the next
strongest endophytic bacterial isolate for PGP traits.
STY4 and STY6 was further shortlisted for the rice
experiment in nethouse condition.

Table 4. Plant growth-promoting
traits of of bacterial endophytes isolated from

Yongchak
Name
Ammo
of IAA | Phosph
Sideroph nia
Bacteri | (ug/m ate
ore (%) | (ug/mL
al L) (ng/mL) y
Isolate
21+ 25.7+ 18.6 +
STY1 265+1.2
0.75 0.7 0.8
327+ | 346+ 26.4 +
STY2 357+1.3
1.2 0.9 0.9
456+ | 429+
STY3 476+1.5 | 358=+1
1 1.1
55+ 51.7+ 43.6 +
STY4 552+1.7
1.2 1.2 1.2
373+ 303+
STYS 38+¢13 | 40+1.2
1.3 0.6
614+ 492+
STY6 58+1.2 | 62.1+£1.5
1.4 1.2
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48.5+
STY7 13 455+1 | 50+1.4 38+1
30+ 222+
STYS8 29+£0.6 | 31.2+1.1
0.1 0.6

Values are mean + SD, n=3.

Plant growth-promoting traits of Yongchak endophytes

- AA mm Siderophore
mmu Phosphate  EEN Ammonia

60

Measured activity

Figure 4. Plant growth-promoting traits of STY1-STYS.
Bars show mean + SD (n=3).

Growth promotion of Thoibi rice

Both the shortlisted endophytic bacterial isolates
enhanced the rice growth parameters as compared to the
uninoculated control (Table 5; Figure 5). Treatment with
STY6 showed shhot length of 58.9+2.6 cm and dry
biomass of 1.87+0.11 g/plant. The control treatment
(with bacteriological media Nutrient Broth) showed
shoot length of 41.8 + 2.1and dry biomass of 1.18 & 0.09.
The consortium produced the greatest shoot length
(62.4+2.7 cm), root length (25.1+1.4 cm), fresh biomass
(8.86+0.45 g/plant), dry biomass (1.98+0.12 g/plant) and
SPAD value (42.5+1.9). Superscript groupings supplied
with the dataset indicate significant treatment differences
by ANOVA/Tukey testing (p<0.05).

Table 5. Effect of selected bacterial endophytes from
Yongchak on local rice cultivar Thoibi

Fresh Dry
Ro
Sho bioma | bioma
Treatmen ot SPA
ot sS SS
t (cm D
(cm) y (g/pla | (g/pla
nt) nt)
41.8 | 15. 31.6
542+ | 1.18+
Control + 2+ +
0.31° 0.09°
2.14 1¢ 1.5¢
52.7 | 20. 37.8
726+ | 161+
STY4 + 8+ +
0.38° 0.1°
24° | 1.2b 1.7°
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58.9 | 23. 41.2
841+ | 1.87%
STY6 + 6+ +
0.42¢ 0.11%
2.6° | 132 1.8%
62.4 | 25. 42.5
STY4+ST 8.86+ | 1.98+
+ 1+ +
Y6 0.45% 0.12%
2.7 | 147 1.9%

Values are mean + SD. Different letters within a column
indicate significant differences by one-way ANOVA
followed by Tukey'’s test (p<0.05), as supplied with the
experimental dataset.

Figure 5. Effect of selected Yongchak endophytic bacterial isolates on
growth parameters of rice (cv. Thoibi)
70 Control (T0)

a STY4 (T1)

b I STY6 (T2)
Gl c B STY4 + STY6 (T3)
50 I
d
40 I

30

s
.l
I

Mean vaiue + St

o

20

. s
10 c';ll
‘ Sk

Shoot length Root length Fresh biomass Dry biomass SPAD value
(cm) (cm) (g/plant) (g/plant)

Values are mean + SE (n = 3). Different letters above bars within each parameter indicate significant differences
according to one-wav ANOVA followed bv Tukev's test (p < 0.05).

Figure 5. Percentage change in Thoibi rice growth
parameters relative to the uninoculated control.
DISCUSSION

Our study identifies a culturable bacterial endophytic
community from P. timoriana  demonstrating
antimicrobial, antioxidant and plant growth promoting
traits. The most active isolate, STY6, had broad
antibacterial activity, strongly inhibiting
phytopathogenic fungi, showed the lowest radical-
scavenging ICso values and demonstrated highest PGP
activities. These bacterial endophytes from Yongchak
therefore possess biosynthetic pathways for production
of specialized metabolites with pharmaceutical and
agricultural relevance.!”

If we consider the pharmaceutical perspective, the
inhibition of both Gram-positive and Gram-negative
bacteria provides a platform for further research of STY6
and STY4 in determing minimum inhibitory
concentration (MIC), minimum bactericidal
concentration (MBC), time-kill and mechanism-oriented
assays. Similarly, the antifungal phenotype can be further
investigated to minimum fungicidal concentration testing
and fractionation of extracellular metabolites.

The antioxidant results also add another pharmacological
dimension. P. timoriana tissues have already been
documented to show phenolic, flavonoid and antioxidant
properties.®” Our reports show that culturable internal
bacteria also exhibit radical-scavenging activity. It opens
up a new hypothesis: the Yongchak holobiont might
possess both plant-derived and microbial sources of
bioactive chemistry. Endophytes produce secondary
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metabolites and they may modulate host metabolism.>*
Future studies involving testing that proposition will
require paired plant-endophyte metabolomics, axenic or
endophyte-reduced plant material, isotope tracing and
chemical matching of microbial and plant metabolites
can establish that the plant’s previously reported
nutraceutical properties are caused by its endophytes..
Our agricultural data involving the shortlieted bacterial
isolates strengthen the biological relevance of the
isolates. Endophytic bacteria influence plant growth by
assisting in nutrient acquisition as well as developmental
modulation.* High IAA, phosphate-solubilizing and
siderophore activities of STY6 were accompanied by
improved growth of Thoibi rice cultivars, however, the
STY4+STY6 consortium produced the greatest overall
response. Our study demonstrates a parallel translational
opportunity: the same Yongchak microbiome can result
in yield of both pharmaceutical lead-producing strains as
well as bioinoculant candidates.

Pharmaceutical development and future
genome/metabolite mining

Our future work will focus on establishing chemical
identity from phenotype. STY4 and STY6 will be first
identified through 16S rRNA gene sequencing followed
by whole-genome sequencing. Genome mining with
antiSMASH will be performed to identify candidate
BGCs encoding non-ribosomal peptides, polyketides,
terpenes, siderophores, RiPPs, and other specialized
metabolites; the computational tool antiSMASH’ is
instrumental in bBGC detection and improved structural
predictions.® The Candidate clusters will then be
validated with experimentally characterized BGCs in
MIBiG. Our Genome mining approaches should be
integrated  with LC-MS/MS-  andGC-MS-based
metabolite mining, followed by molecular networking,
bioactivity-guided fractionation, purification and finally
structural elucidation.

A pharmaceutical development pipeline emerging from
our research will follow this roadmap: Yongchak
endophyte isolation — reproducible bioactivity —
molecular identification — whole-genome sequencing —
BGC prioritization — fermentation optimization —
metabolite extraction — LC-MS/MS profiling —
bioactivity-guided purification — structure elucidation
— MIC/MBC/MFC and mammalian cytotoxicity —
mechanism studies — formulation and delivery studies.
Our staged approach will be instrumental for converting
endophytic microbial metabolites from crude extracts
into lead molecules.'®!!

Yongchak value addition and regional bioeconomy
Yongchak is a known economically and culturally
important food legume of Manipur, and various food-
processing strategies are underway for value addition.’
Our work extends this concept from the edible product to
associated microbiome. Yongchak-derived strains or
metabolites, if properly developed, can initiate new
research directions in antioxidant preparations,
biocontrol, natural-product pharmaceuticals, and
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microbial  bioinoculants.!? For an economically
constrained  region, locally sourced microbial
bioresources may offer a route to higher-value
biotechnology built around indigenous biodiversity.
However, commercial claims require  strain
authentication, biosafety, scalable fermentation,
formulation stability, regulatory evaluation, intellectual-
property analysis and techno-economic assessment. The
significance of this research lies in being the first to
isolate and study the bacteria living inside P. timoriana,
and using this to find new medicines. This approach
changes how we think about the value of plants, from just
looking at the chemicals they produce, to considering the
whole system of the plant and the tiny living things inside
it. This could lead to a better understanding of how plants
and their microbiomes work together to create new
medicines. By looking at the individual contributions of
each part of the system, we can learn more about how
they interact and how we can use them to improve human
health. This new way of thinking could open up new
possibilities for finding and developing new medicines
from plants.

CONCLUSION

Bacteria that live inside plants, called endophytes, have
been found in a type of legume called Yongchak. Eight
of these bacteria were taken from the plant and tested for
their abilities to fight off other bacteria and fungi, as well
as to help plants grow. Two of these bacteria, called
STY4 and STY6, were particularly good at doing many
things, like fighting off other microorganisms and
helping plants grow. When used together, STY4 and
STY®6 helped a type of rice called Thoibi grow the best.
This is the first time that bacteria from Yongchak have
been studied, and the results are promising. These
bacteria could be used to find new medicines or natural
products that are good for people. The next steps will be
to learn more about what these bacteria are, what genes
they have, and what special compounds they make. This
could lead to new discoveries about how these bacteria
help plants and people, and maybe even to new
medicines.
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