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Abstract
In the Uttar Dinajpur District of West Bengal, between December 2022 and January 2023, field-grown banana trees were
found to have leaf spot disease. Initially, the symptoms showed up as yellow-brown dots on the periphery and center of
the leaves. Lesions might be small and dispersed throughout leaves, or they can cover huge areas of leaves thoroughly.
From the samples of diseased leaves that were gathered, one fungal infectionwas recovered. A TEM picture of the
leaves was taken to compare the interior structures of healthy banana plant leaves with those of banana leaves affected
with the fungal infection C. lunata. Chloroplast and vacuole structures changed, and certain ballon-shaped structures
were discovered that may have been caused by fungal isolate infection in leaves. To find the hazardous compounds that
the organism released, GC-MS analysis was performed on the C. lunata culture filtrate. The culture filtrate of C. lunata
was found to contain a number of toxic compounds, including hexadecanoic acid, benzonitrile, 1- 15-
hydroxypentadecanoic acid, 2, 3, 3, 3-pentafluropropanoate, 5-tetradecene (E), 2-Dodecenc (Z), 2,4-D1-tert-butylphenol, 9-
Octadecene (E), and 9-Eicosene (E), among others. The production of toxic chemicals by fungal pathogens may facilitate
the diseases' ability to infect healthy plant sections and cause disease.The present study focuses on giving an idea of
the most probable toxic metabolites responsible for the pathogenicity of the fungus Curvularialunata.

Introduction
The most widely eaten tropical fruit in world is banana (Musa spp.) (10). It has a lot of nutrients. In addition to its fruit,
other plant parts such as the leaves, stem, and flowers can be used for cooking, eating, textiles, veggies, and a variety of
other purposes. Banana plant also has cultural, religious significance. World largest blooming herbaceous plant is
banana, serves both as a household's source of income and a staple aliment in many countries.They are growing in 135
different countries, primarily for its fruit. Nowadays, Musa acuminata and Musa balbisiana, two wild banana species, are
the source of nearly all edible seedless bananas.Between December 2021 and January 2022, Curvularialunata was
found to cause leaf spot of banana trees grown Uttar Dinajpur District, West Bengal. In January and December, the
temperature varied from 9.0 to 24.0°C and 10.3 to 17.8°C, respectively. On the middle portion and around the leaf
margins, the symptoms first showed up as yellowish brown patches.Lesions could have a yellow halo around them and
frequently had a brown border. The symptoms varied from a few spots on leaves to lesions that were heavily distributed
over large areas of leaves.

Materials and methods

Isolation of fungal pathogen
The diseased leaf sample, which was cut into slice between1 to 1.5 centimeters in size, was surface sterilised with 0.1%
HgCl2 for two minutes, then ethanol for two minutes and then put on PDA medium. A fungus was isolated from affected
leaf on PDA (Potato Dextrose Agar) treated with5 ml of antibiotic Monocef-O 100 (5 ml of reconstituted solution contain
cefpodoxime proxetil IP equal to 100 mg of cefpodoxime) after incubation period of 96 hrs. at 26℃.18S rDNA partial
sequencing was used to identify the fungus.

GC-MS analysis of culture filtrate
The GCMS study was done by Environcheck in West Bengal. The two solvents used in the GCMS analysis were hexane
and chloroform. A 10 ml amber vial was filled with a 2 ml sample of sterile culture filtrate was obtained after centrifuging
the fungal broth culture in PDB (potato dextrose broth) media was taken. The material then was combined with two
milliliters of hexane/chloroform. After then, the mixture was extracted until it was clear that the two layers were
distinct.The hexane/ethylacetate layer (1:1) was pipetted after the anhydrous sodium sulphate layer used as inert drying
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agent, helping to remove water from organic solutions. The hexane and ethylacetatelayer (1:1)were filtered using a
syringe filter before to being subjected to GCMS. To find the toxic metabolites, the AGILENT 7890B System was utilized
for gas chromatography mass spectrometry (GCMS) study.The initial temperature (hold time zero) was 75℃, and the
input temperature was 225℃. The temperature ranges for Ramps 1 and 2 were 25 ℃/min to 150 ℃ and 10 ℃/min to
280 ℃ (Hold time 10 min), respectively.

TransmissionElectronMicroscope(TEM)
To find out the changes between the internal structures of leaves of healthy banana plant and banana leaves infected
with fungal pathogen- Curvularia sp. The healthy leaf samples as well as infected banana leaves with fungal pathogens
were sent to AIIMS New Delhi after fixation in 2.5% of glutaraldehyde solution. CRYO-TEM (TALOS S) Microscope from
the company THERMO SCIENTIFIC was used for the transmission electron microscopic images. Samples of both
healthy and diseased leaves (1–2 mm) washed using 0.1M pH 7.4 sodium phosphate buffer and shifted right away to
eppendorf tubes with 2.5% glutaraldehyde for two to twelve hours at room temperature. In addition to two changes in
absolute alcohol at one-hour intervals at 4° C, dehydration was carried out in progressive grades of alcohol (30%, 50%,
70%, 80%, and 90%) at 30-minute intervals. Two infiltrations in LR White resin (London Redin Co. Ltd.) were carried out in
absolute alcohol (1:1) at 4° C for one hour each. Following their dip in LR White, the samples were kept overnight at 4° C.
They were kept at 27℃ for three hours. A fresh batch of LR white was prepared and kept at 56° C for 36 hours. The
sample moulds were roughly trimmed using a block trimmer (Reichert TM 60) fitted with a revolving milling cutter.
Several thick slices were cut using Belgium glass strips in a microtome (Leica EM UC7) so that the selected blocks
could be seen under an optical microscope.

Tissue fixation for electron microscopy
Perfused the tissue with 0.9% saline for 10 minutes and later fix with 4% paraformaldehyde for 20 minutes. Dissected
the leaf tissue samples into 1–2 mm size for TEM (a must for proper fixation to occur). Fixed samples in a mixture of 2%
paraformaldehyde and 2.5% glutaraldehyde in 0.1 M phosphate buffer, first at room temperature for 20 minutes and later
at 40℃ for 4–6 hours.

Preparation of fixative for Transmission Electron Microscopy

Preparation of 0.2 M phosphate buffer (PB; pH 7.4)
Two solution was used for the making of phosphate buffer, Sol A: Sodium dihydrogen phosphate dihydrate
(NaH2PO4.2H2O; MW 156)- 3.12 gm /100 ml distilled water and Sol B: Disodium hydrogen phosphate anhydrous
(Na2HPO4; MW 142)— 2.84 gm/100 ml in distilled water. Mixed 19 ml of soln A with 81 ml of soln B, final pH is adjusted
with HCl or NaOH.

Preparation of Paraformaldehyde solution
It is prepared in 100 ml distilled water by dissolving 4 grams paraformaldehyde powder (EM grade) at 600C (do not boil).
Added few drops 0.1N sodium hydroxide while dissolving. Warmed the solution for 5–6 min, when paraformaldehyde
will start dissolving out. The solution is cooled at room temp and filtered. It must be a clear solution.

A. Added equal volume (100 ml) of 0.2 M PB to the paraformaldehyde solution to make it a 2% solution in 0.1 M PB (the
molarity of PB is now reduced to 0.1 M).
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B. Added the required quantity of glutaraldehyde (from the concentrated 25% stock solution, EM grade) in the final
paraformaldehyde solution. If a milky precipitate occurs, it indicates impurity of the glutaraldehyde stock solution.Forany
convenience, added 10 ml glutaraldehyde (from 25% stock solution) to 90 ml of 2% paraformaldehyde solution. The final
concentration of the fixative is 2% paraformaldehyde and 2.5% glutaraldehyde in 0.1 M PB. It is a clear solution with
having pH 7.4.
C. Washed in the buffer for 3 times, each for one-hour duration at 40℃.
D. For transportation, samples kept inside a thermos flask using ice cool pack separated by a thin barrier.

Experimental protocolfor SDS page

Pour polyacrylamide gel
First the gel sandwichwasput together. Plates, spacers, and combs cleaned thoroughly and rinsed with 70% ethanol.
Then the glass plate sandwichwasput together. Stood upright after sliding the plate assembly into the plate clamp
assembly. The assembly was sealed when the plate clamp was carefully pushed up until the glass plate sandwich was 1
to 2 mm below the clamp's edge. As a result, the sandwich won't leak the unpolymerized resolving gel solution. The
whole assembly then put in the gel casting stand.

Pour separating gel (5–12%)
For protein analysis, a 12% resolving gel was used. Smaller proteins and peptides require higher acrylamide percentages
(> 15%), while larger proteins require lower gel percentages (< 10%). 100 µl of 10% APS (up to 10ul TEMED if the gel
percent was less than 8%) and 5 µl of TEMED were added. Carefully the tube inverted to thoroughly mix recalling that the
polymerisation reaction was inhibited by oxygen. Oxygen was present in bubbles.The gel sandwich was gently covered
with 70% ethanol and 0.01% SDS after the solution was put into it until the proper level (5.5–6.5 cm) was attained using
a Pasteur pipette (running it down a side spacer). At room temperature, the gel polymerise after 30 to 60 minutes. The
gels can be taken out of the clamps, covered with resolving gel buffer(itcan be kept at 4℃ for two to three days if they
won't be run that day).

Pour stacking gel (4%)
Rinsed with ddH2O after removing the separating gel's aqueous layer. The ingredients were mixed for the stacking

gel.Covered the separating gel with the stacking solution.To prevent bubbles from forming on the ends of the teeth,
carefully inserted the comb into the stacking gel. Gave the gel 30 to 60 minutes to polymerise.

Clamp gel onto electrophoresis tank
The comb and binding clips were taken out of the gel. The glass plate and gel were encased within the electrophoresis
core The short glass plate was either within core or facing center. Placed the buffer damn on the other side of the core;
or placed glass plate sandwich on the other side. The operational tank was filled with the core component. 1X
electrophoresis buffer was applied to core. Buffer must be included to top of the assembly. Lastly, 1 to 2 inches of 1X
electrophoresis buffer were added to the operating tank. The buffer-filled wells were washed before the sample was
loaded.

Prepare samples
At room temperature, protein samples were rapidly thawed in a water bath. Protein samples were cooked in a 95°C dry
bath for 5–10 minutes after 1/5 volume 6X Sample buffer was added. For five to six minutes, the samples were spun
down in a microfuge.

Separate protein samples by PAGE
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The wells were filled with samples using a 200 µL pipet tip carefully not to push the tip of the glass plate too deep into
the well, as this could cause it to separate. Typically, each well can hold 25 µL of sample. 1X Sample dye was poured
into the empty wells.In order for proteins to move towards the anode (+) electrodes were affixed. Run the gel at 100 and
200 V until the dye front reaches gel’s bottom, running time was influenced by the gel and buffer composition's % cross
linking.

Protein bands on a stain gel
After removing the gel sandwich from the tank, the electrodes were detached, and the electrophoresis buffer was
drained. After removing the side spacers, pulled apart the plates to make sure gel remains on one. The staining solution
was poured into pipet tip box. Invert the gel-containing plate into staining solution, then gently let the gel to "float" off the
plate into it. Covered the gel with plastic wraped, carefully agitate it on the gel rocker for 15 to 30 minutes. The greater
the time, the more sensitive it will be, but the longer the staining period as well. To get rid of extra stain, the gel
rinsedwithddH2O after removing the staining solution, which could be used repeatedly. Putting a stream of water on the

gel itself was avoided. Filled the pipet tip box with water, then gently rinsed the gel surface. For ten to fifteen minutes,
added the destaining solution and shake the gel rocker. the destaining solutionwasalteredand stir until the desired
degree of destaining was reached.

Result and Discussion
The 18S rDNA fragment sequence of the fungal pathogen strain MLP-01 was uploaded to GenBank and assigned the
accession number ON246070. Both the Agharkar Research Institute in Pune, India (accession number: NFCCI 5361) and
the institute's NAIMCC culture collection division (accession number: NAIMCC-F-04338) recognizedCurvularialunata as
the fungus based on its morphology (Fig. 1). Using cotton blue staining and a light microscope, the mycelial invasion of
the pathogen in the infected leaf was verified. Using scanning electron microscopy, the surface morphology of both
healthy and C. lunata-inoculated leaves was examined. SDS-PAGE testing revealed differences in the protein band
pattern between healthy and C. lunata-infected leaves, treated or infected leaf showed higher intensity of protein bands
compared to healthy leaves with the size of the proteins being between 40 and 50 KDa (Fig. 5). A number of toxic
compounds produced by Curvulariasp. were found in the culture filtrate, including benzonitrile, hexadecanoic acid, 1-
hydroxypentadecanoic acid, 2,3,3,3-pentafluropropanoate, 5-tetradecene (E), 2-Dodecenc (Z), 2,4-D1-tert-butylphenol, 9-
octadecene (E), and 9-Eicosene (E), among others (Fig. 2, Fig. 3).
Thesetoxiccompounds,releasedbyfungalpathogensmayhelpthepathogenstoestablishdiseaseinhealthyplantparts(Tables1
and2). TEMimagesoftheleaveswererecorded (Fig. 4).Therewerechangesinthestructuresof chloroplast, vacuoles and
some ballon shaped structures were found thatmightbeduetoinfectionbythefungalisolatesinleaves.

Conclusion
The structural changes in banana leaves that have been found and the presence of poisonous chemicals generated by
C. lunata indicate that these variables contribute to the pathogen's capacity to infect and damage the plant. The disease
may have a more severe effect on healthy banana leaves due to the changed structure of cells and harmful toxic
compounds. By comprehending these relationships, focused management plans to prevent fungal infections in banana
plants and lessen the effects of leaf spot diseases in the area can be developed.
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Figure 1

A: Isolation of fungal pathogen MLP-01 on PDA medium amended with an antibiotic Monosef, B: 7 days old culture of
Pathogen, C: Mature sporulated culture of Pathogen , D: Observation of Curvularialunata spores under light microscope
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Figure 2

Chromatogram of GCMS analysis carried out the fungal broth culture by using Ethyl acetate solvent
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Figure 3

Chromatogram of GCMS analysis carried out the fungal broth culture by using Hexane solvent
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Figure 4

A, B healthy leaf of banana and B, C, infected leaf of banana, Ch- chloroplast , BS- ballon shaped structure, AV- air
vacuole
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Figure 5

SDS-PAGE testing revealed differences in the protein band pattern between healthy and C. lunata-infected leaves, treated
or infected leaf showed higher intensity of protein bands compared to healthy leaves with the size of the proteins being
between 40 and 50 KDa
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