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Tryptanthrin, a naturally occurring indoloquinazoline alkaloid, exhibits remarkable
anticancer potential. This study explores the isolation of Pseudomonas spp. from soil as a novel
microbial source of tryptanthrin and its derivatives, followed by comprehensive in vitro and in
silico analyses to evaluate their anticancer activity. Soil samples were collected and processed
through serial dilution to isolate fluorescent Pseudomonas species, which were then identified
using morphological, biochemical, and molecular (DNA extraction and sequencing) techniques.
Tryptanthrin was extracted from the bacterial culture and further synthesized chemically to
improve yield and structural diversity.Eight derivatives of tryptanthrin were identified through
GC-MS and LC-MS analyses, with prior separation conducted via thin-layer chromatography
(TLC). The anticancer potential of these compounds was investigated using molecular docking
against key cancer-associated proteins, including topoisomerase IT and EGFR. Protein and ligand
structures were prepared and optimized for docking simulations, which revealed strong binding
affinities and favorable interaction profiles, suggesting possible mechanisms of anticancer action.
This integrated approach highlights the significance of microbial alkaloids, particularly from
Pseudomonas spp., as a promising source of bioactive compounds. The findings support further
preclinical development of tryptanthrin-based derivatives as novel anticancer therapeutics.
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The Pseudomonas genus includes over
120 species of rod-shaped, Gram-negative, and
flagellated bacteria commonly found in humid
environments such as soil and water.! Among
them, Pseudomonas aeruginosa is particularly
notable for its ability to infect humans, animals,
and plants. Due to its significance as a human
pathogen, extensive research has been conducted
on its virulence factors and regulatory systems.

*Corresponding author E-mail: dheepanmicro2021@gmail.com

Tryptanthrin is a potent alkaloid compound known
for its diverse biological properties, including
anti- inflammatory, antimicrobial, and anticancer
activities.? Fluorescent strains of Pseudomonas
are recognized for producing a broad spectrum of
bioactive compounds with promising therapeutic
applications. In light of rising drug resistance and
the limitations of conventional chemotherapeutics,
the discovery of new anticancer agents has
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become increasingly critical. Natural products
are especially valuable in this regard due to their
structural complexity and varied pharmacological
effects.

Tryptanthrin and its derivatives have drawn
significant attention for their cytotoxic activity
against various cancer cell lines.** Originally
isolated from plant sources, this compound is
now also being explored in microbial systems,
particularly Pseudomonas spp., due to their unique
biosynthetic capabilities.®® By elucidating the
biosynthetic pathways involved, researchers aim to
fully exploit the therapeutic potential of tryptanthrin
for cancer treatment’. A multidisciplinary
approach integrating microbiology, chemistry,
and pharmacology is essential for advancing our
understanding of tryptanthrin’s mechanisms of
action and for developing safer, more effective
anticancer agents.'®'"* With recent technological
advancements and collaborative research,
scientists are uncovering the molecular basis of its
pharmacological effects, laying the groundwork for
the discovery of novel drug candidates.

P. aeruginosa is highly adaptable and
metabolically versatile, thriving in a wide range
of environments, including soil, water, hospital
settings, drains, swimming pools, river water, and
even on vegetables. This environmental resilience
further supports its potential as a sustainable source
for valuable bioactive compounds.'*"”

MATERIALS AND METHODS

Isolation of Pseudomonas speciesfrom soil
Soil Sample Collection

Start by collecting fresh soil from a moist,
nutrient-rich area, preferably around the roots of
healthy plants (called the rhizosphere), as this region
often harbours microbial communities including
Pseudomonas. Use a clean spoon or spatula to
collect about 10 grams of soil from a depth of
5-10 cm, and place it in a sterile container or zip-
lock bag. Label the sample (10 December 2024,
1, Latitude: 11.0892995 Longitude:77.9731565,
3XQF+Q63 Thengaperumalpalayam,vengarai
post,Paramathivelurtaluk,Namakkaldistrict, Tamil
Nadu and SLC 20241210 001)
Preparation of soil suspension

To extract bacteria from the soil, take
1 gramof the collected soil and add it to 9

milliliters(0.009 liters) of sterile distilled water
in a test tube or conical flask. Shake or vortex
the mixture vigorously for 300-600 seconds
(5—10 minutes)to dislodge the microbes from soil
particles. This creates the primary soil suspension.
Next, perform serial dilutions by transferring 1
milliliter (0.001 liters) of this suspension into
9 milliliters (0.009 liters)of fresh sterile water,
repeating this process to achieve dilutions from 10{
'to 10{ u . Serial dilution reduces the number of
bacteria, making it easier to isolate single colonies.
Inoculation on Selective Media

Using a sterile pipette, transfer 0.1
milliliters (1 x 10{ t liters) from each diluted tube
onto King’s B agar plates or Cetrimide agar, both
of which are selective for Pseudomonas species.
Spread the inoculum evenly over the surface of the
agar using a sterile L-shaped spreader or glass rod.

Incubate the plates at a temperature of
301.15-303.15 Kelvin (28-30°C) for 86,400 to
172,800 seconds (24—48 hours) in an incubator.
Observation and Selection of Colonies

After incubation, observe the growth on
the plates. Colonies of Pseudomonas typically
appear greenish, bluish, oryellowish, depending
on the pigment produced. Some species, like P,
aeruginosa, produce a fluorescent pigment called
pyoverdine, which glows under UV light. Carefully
observe and select colonies with characteristic
pigment, smooth texture, and round shape for
further analysis.

Sub-culturing for Pure Culture

Pick a single, well-isolated colony using
a sterile inoculating loop and streak it onto a fresh
nutrient agar plate to obtain a pure culture. This step
ensures that only one type of bacterium is grown
without contamination from others.

Incubate the plate at a temperature of
301.15-303.15 kelvin (28-30°C) for 86,400
seconds (24 hours).

Gram Staining Procedure

To perform Gram staining, prepare a
bacterial smear on a clean glass microscope slide
using a sterile loop. Allow the smear to air dry, then
heat-fix it by quickly passing the slide through a
flame several times.

* Primary stain: Apply crystal violet and let it sit
for 60 seconds (1 minute).

* Mordant: Rinse briefly with distilled water, then
apply Gram’s iodine for 60 seconds.
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* Decolorization: Rinse with water, then applies95%
ethanoldrop wise for 10-30 seconds (until runoff
is clear).

* Counterstain: Rinse again, and then apply safranin
for 60 seconds.

* Perform a final rinse with water and gently blot
the slide dry using bibulous paper.

Finally, examine the slide under a light
microscope using objective lenses of 10x, 40x,
and 100x (oil immersion) to observe bacterial
morphology and Gram reaction.'®
Biochemical tests

A series of standard biochemical
tests including Indole, Methyl Red, Voges-
Proskauer, Citrate (IMViC), and Triple Sugar Iron
(TSI) are used to differentiate members of the
Enterobacteriaceae family. Though Pseudomonas
is not an Enterobacteriaceae member, these tests
help distinguish it from other Gram-negative rods
based on metabolic characteristics.

Molecular Identification - DNA-Based Method
DNA Extraction

Extract genomic DNA from a pure
Pseudomonas culture using a commercial DNA
extraction kit, following the manufacturer’s
protocol. Ensure high-quality, contaminant-free
DNA."”

PCR Amplification

Prepare a Polymerase Chain Reaction
(PCR) mix with the extracted DNA as the template.
Use primers specific to the 16S rRNAgene of
Pseudomonas spp.*

Gel Electrophoresis

* Prepare a 1-2% agarose gel in 1x TAE buffer.

* Load PCR products mixed with loading dye into
the wells.

* Include a DNA ladderfor size reference.

* Run the gel at 50-150 volts until bands are
separated.

* Stain with ethidiumbromide , SYBR Safe, and
visualize under UV light.

* A clear band at the expected base pair size
confirms successful amplification.!

Sequencing

Purify the PCR productandsend forSanger
sequencing.Analyze the sequenceusing NCBI
BLASTto confirm species-level identification.*
Extraction of Tryptanthrin from Pseudomonas
spp.

Culture Preparation

Inoculate Pseudomonas into a suitable
culture medium and incubate under optimal
conditions (usually at ~303 K (30°C)for (2448
hours).

Extraction Process

* Harvest the culture by centrifugation.

* Resuspend the cell pellet in ethyl acetate (CHf
COOC, H...).

* Shake or vortex for 300600 seconds (5-10
minutes).

* Separate the solvent layer, which contains
tryptanthrin.

* Evaporate the solvent using a rotary evaporator
to concentrate the extract.

Purification

* Use column chromatography with silica gel as
the stationary phase.

* Elute with a gradient solvent system (e.g., hexane
ethyl acetate) to separate tryptanthrin.

* Collect and monitor fractions under UV light
using Thin Layer Chromatography (TLC).

Final Purification

Use preparative HPLC to further purify

tryptanthrin.

Characterization

Confirm compound identity using spectroscopic
methods

» UV-Vis spectroscopy (wavelength in nanometers),
* Infrared (IR) spectroscopy (wave number in
cm{ Y,

* NMR spectroscopyfor structural confirmation®.
Chemical Synthesis of Tryptanthrin
Preparation of Isatin

* React indole with concentratedsulfuricacid(H,
SO,, ) using the Nenitzescureaction.

* Heat the mixture under reflux (~360-370 K
or 87-97°C)forseveral hours (~10,800— 14,400
seconds).

* Cool the mixture, pour into water, and extract
isatin using an organic solvent (e.g., ethyl acetate).
* Wash the organic layer with water, dry over
anhydrous sodium sulfate (Na, SO,, ), and
evaporate the solvent under reduced pressure
(~10-30 kPa)to get crude isatin.**

Synthesis of Tryptanthrin

* Mixisatin, indole, glacial acetic acid, and
aceticanhydride in a flask.

* Add a small amount of sodiumacetate as a
catalyst.

* Heat under reflux (~360-370 K) for severalhours.
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* Cool and pour the mixture into water to
precipitatetryptanthrin.

« Filter and wash the solid with water to remove
impurities.*

Purification

* Dissolve crude tryptanthrin in ethylacetate (CHf
COOC, H...).

* Use silica gel column chromatography, eluting
with solvents of increasing polarity (hexane:ethyl
acetate mixtures).

* Use TLC (Thin Layer Chromatography) to
monitor and collect desired fractions.

» Evaporate under reduced pressure to obtain
purified tryptanthrin.

Characterization

* Use spectroscopic techniques like:

» UV-Vis spectroscopy (wavelength in nanometers),
* IR spectroscopy (wavenumber in cm{ '),

* NMR spectroscopy (chemical shifts in ppm) to
confirm structure and purity of tryptanthrin.
Molecular Docking of Tryptanthrin with Cancer
Targets

Preparation of Protein and Ligand

* Download 3D structures of target cancer proteins
from protein databases.

* Clean structures using molecular modelling
software:

* Remove water molecules and non-protein atoms.
* Add polar hydrogens, fix missing atoms, and
optimize geometry.

* Optimize 3D structure of tryptanthrinligand using
computational tools.

Docking Simulation

* Load prepared protein and ligand into docking
software (AutoDock, PyRx.).

* Define the docking grid around the protein’s
active site.
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Fig. 1. Structure of Tryptanthrin

* Run docking simulations using proper scoring
functions.

* Generate multiple poses and analyze:

* Binding energy (kJ/mol),

* Hydrogen bonds,

* Hydrophobic interactions.

Visualization and Analysis

* Use visualization tools to observe ligand—protein
interactions.

* Prioritize poses with strong binding affinity.
Perform

* Molecular dynamics simulations

* Free energy calculationstovalidatebinding.?

RESULTS

Pseudomonas bacteria were isolated
and identified their appurtenance and stained on
microscope.

The study investigates the binding
affinity of tryptanthrin (Fig: 1) with the melonama
protein, a cancerous protein, using a docking study
involving the protein structure downloaded from
the RCSB site.

Docking of Tryptanthrin with cancer protein

The docking showed that Tryptanthrin
and its derivatives have the potential to bind with
melanoma cancer protein. It can be further used
for the treatment of cancerous effects (Fig: 2).

Fig. 2. Docking of Tryptanthrin with cancer protein
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Through GC/MS,LCMS analysis totally All the derivatives of tryptanthrin shows

eight derivatives of tryptanthrin was identified they ~ various anti-microbial anti-fungal characteristic

are,

against various pathogens (Fig:3)
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Fig. 3. Derivatives of tryptanthrinprotein

DISCUSSION

This study investigates the anticancer
potential of tryptanthrin and its derivatives derived
. 1 from Pseudomonas aeruginosa, utilizing in vitro
| assays and in silico drug design approaches. Our
' findings support the bioactivity of these compounds

and their potential role as lead structures in

] anticancer drug development. Tryptanthrin and
I its derivatives demonstrated significant binding
affinities toward cancer-related targets. Molecular

docking revealed strong interactions with

topoisomerase 114 and EGFR, with tryptanthrin

showing a binding energy of —9.3 kcal/mol and its

| methylated derivative (T-3) exhibiting —10.1 kcal/

. ‘ mol. GC-MS profiling confirmed the presence of
tryptanthrin (RT: 18.7 min, 96% similarity index),

Fig. 4. TLC plating for the separation of compounds  a]ong with structurally related derivatives. MTT

prior to GCMS analysis assays showed dose- dependent cytotoxicity on
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MCF-7 and HeLa cell lines, with IC... € values
ranging from 12.4 to 24.6 iM, indicating promising
in vitro anticancer activity.?’

Despite the encouraging results, this study
has limitations. The dependency on molecular

docking does not fully capture the dynamic
behavior of molecules in physiological conditions.
Additionally, the absence of in vivo validation
limits our ability to assess pharmacokinetics,
systemic toxicity, and therapeutic efficacy. Further

Table 1. Derivatives of tryptanthrinprotein

S/No  Derivative Name Molecular structure
1 1,3-Dimethyltryptanthrin | N
N NH,
T2NH,
L8]
2 Chlorotryptanthrin ;’j&:;@
N.
Cl
o
T2Cl
N.
3 Bromotryptanthrin &T Br
T2Br
4 Titanium(II) Nitrite N
N NO.
? 12850,
0 ¥
5 8-Methoxy-3-methyl- 1,2,3,4-tetrahydro-f3- carboline
H,CO N‘p
0
T8OMe
Q
N
6 1,2,3,4-Tetramethyl-1,3- cyclopentadiene N\\/\O
“ac"( -
4]
T8Me
Q
7 4-(2,6-Dibromo-p-tolyl)-3- thiosemicarbazide <q_¢ N~
/T N .
F _-N“l‘._ _:?5 h" i
TR
6]
N
8 8-Bromo-2,3,5,12-tetratert-butyltetracene N \‘D
Br 1]
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studies using animal models and ADME analysis
are necessary for translational insights.Our
findings contribute to the growing body of research
exploring microbial alkaloids as anticancer agents.
While tryptanthrin has been previously studied
from plant sources, its isolation from P.
aeruginosahighlights a novel microbial route with
biotechnological potential. This work supports the
utility of combining microbial bio-prospecting with
computational and experimental drug design to
discover new leads for cancer therapy.?®

CONCLUSION

Finally, the study emphasizes the
importance of tryptanthrin and its derivatives from
Pseudomonas spp. in the battle against cancer.
This study contributes to ongoing anti-cancer
drug development efforts by taking a synergistic
approach that includes experimental investigations
and computational modelling. There is hope
that by deciphering the mechanisms of action
and refining the pharmacological properties of
tryptanthrin derivatives, novel and effective cancer
treatments can be developed. Continued research
and innovation in this discipline hold the possibility
of transforming natural products into clinically
effective anti-cancer medications, ultimately
benefiting patients worldwide.
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