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Abstract
Lal Masjid is located in Haroa area of North 24 Parganas, West Bengal, India in the ancient port city of Chandraketugarh, representing the Gangaridai of Greaco-Roman accounts. Originally a Buddhist Stupa,which was afterwards converted into a Masjid, commonly known as Lal Masjid. Although the ruins are neither protected nor under routine surveillance; there is no fungal invasion so far. Ultimately, we could isolate B. mycoides – a bacterium with known antifungal properties. The culture suspension and filtrate of this bacterium showed significant zone of inhibition against Candida albicans and Candida parapsilosis which was also confirmed by the MIC results. Further chitinase study with Bacillus mycoides against both natural and synthetic chitin delineated the chitin-degrading properties of the microbe. 
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1. INTRODUCTION
[bookmark: _Hlk180878420]Microbial archaeology is an emerging field of study in this age playing a huge role in decoding the details associated with these undiscovered archaeological sites (Warinner et al. 2017). With archaeological microbiology, we get a thorough understanding of all the microorganisms residing here including bacteria, viruses, fungi, protozoa, parasites, etc (Laura et al. 2023). One such key bacteria that was found after 16srRNA gene sequencing of soil samples collected from the sculptures among the ruins of Chandraketugarh is Bacillus mycoides (Chatterjee et al, 2025), which is the main focus of this research. B. mycoides is a non-pathogenic, rod-shaped, filamentous, gram-positive bacterium that is found ubiquitously in the soil. It is mainly a facultative anaerobe which explains its presence amid the ruins. B. mycoides is a part of the group B. cereus, but unlike its other well-known members like B. anthracis and B. thuringienis, there is very little study on this specific species (Ghazal et al., 2013). Despite being non-pathogenic in nature B. mycoides proves to have value both organically and economically. Studies include the usage of the bacteria in the field of biocontrol specifically with PGPR (plant growth promoting rhizobacteria) ability, as an eco-friendly biocontrol against plant pathogens, and as an effective bio-surfactant. However, research is lacking focusing on the strains of B. mycoides that have the capability of producing chitinase, which makes it a potential biological fungicidal agent against both plant and human fungal pathogens (Goodwin et al., 1994) (Yi et al. 2018). 
[bookmark: _Hlk180348336]As it is known chitin is the chief composition of the fungal cell wall and a major target site of almost all crucial antifungal drugs because of its absence in the human and other craniates. But with antimicrobial resistance being a great threat worldwide, hostile fungal infections tend to be a very pivotal danger to mankind. With fleeting time, undetected usage and ready accessibility of antibiotics, pathogenic fungal strains are growing into resistance towards practically all antifungal drugs (Brown et al., 2020) (Lenardon et al., 2010). Hence, there is a dire necessity to find new drugs that will prove to be potent and functional against these resistant fungal pathogens. Furthermore, antifungal drugs are already scarce in number and with the emerging problem of drug resistance it has become difficult to treat patients successfully, this brings us to the need to find new remedies (Cowen et al., 2024). WHO published a Fungal Priority Pathogen List (FPPL) in 2022 to bring light and acknowledge this issue of antifungal resistance which affects annually roughly 6.5 billion people (Rhijn et al., 2024). Predominant treatment includes generally 4 classes of antifungal drugs that are used systematically namely polyenes, azoles, echinocandins, and 5-flucytosine. Resistance has been shown against all four classes of these drugs by pathogenic strains of Aspergillus. spp, Candida. spp, and several others. Individuals are regularly exposed to various airborne pathogenic fungal spores and thus are prone to diseases; this raises a greater concern and gives us more reasons to find new and useful antifungal agents as soon as possible (Fisher et al. 2022).  
[bookmark: _Hlk180350309][bookmark: _Hlk180349421][bookmark: _Hlk180349469][bookmark: _Hlk180348507]This brings us to our study with Bacillus mycoides, a bacterium that has chitinase activity and therefore has the potential to be an active biological antifungal agent. In this study, we will evaluate the antifungal action and chitin degrading activities of this microbe isolated from an ancient ruin of Lal Masjid.
2. MATERIALS AND METHODS
[bookmark: _Hlk180348535]2.1 Gram Staining:
[bookmark: _Hlk180350245][bookmark: _Hlk180349850][bookmark: _Hlk180350277][bookmark: _Hlk180352590]After the samples were collected, possible presence of microorganisms was to be detected. To do this gram staining was done to those that showed distinct colonies. This allowed us to make sure the filamentous colony observed was of a facultative anaerobe bacterium is B. mycoides. Details of these findings are mentioned by Chatterjee et al, 2025.
  [image: ]            [image: ]
	FIG 1. Bacillus mycoides colony morphology



	FIG 2. Bacillus mycoides under 1000x magnification



 
[bookmark: _Hlk180606279][bookmark: _Hlk180606295]2.2 Preparation of Bacillus mycoides supernatant:
[bookmark: _Hlk180357016][bookmark: _Hlk180359845][bookmark: _Hlk180359020][bookmark: _Hlk180357206][bookmark: _Hlk180358397][bookmark: _Hlk180357231][bookmark: _Hlk180356991]To prepare the supernatant from the microorganism, which contains the all-bioactive compounds, loopful of B.mycoides was inoculated in test-tube containing peptone broth as medium and was incubated for 30 hrs at 37 ºC as B. mycoides show peak growth after 30 hrs (Andriani et al. 2017). The bacterial suspension was then centrifuged at 13000 rpm for 5 minutes. The supernatant was carefully pipetted out and was passed through 0.2-micron syringe filter and stored at -20 ºC for further usage.
[bookmark: _Hlk180778100][bookmark: _Hlk180348570]2.3 Disc and agar well diffusion assay:
[bookmark: _Hlk180607698][bookmark: _Hlk180779985][bookmark: _Hlk180617824][bookmark: _Hlk180359755][bookmark: _Hlk180831879]This assay is done to determine the antimicrobial efficacy and, in this study, particularly antifungal efficacy of B. mycoides. First Mueller Hinton agar plates are inoculated with suspensions of Candida albicans, Candida parapsilosis  individually. Then three sterile filter paper discs were placed on each agar plates or wells are punched out on each plate. Then they are presented with 50 µl of peptone broth, 0.5 McFarland B. mycoides bacterial suspension and B. mycoides supernatant respectively. These plates are then incubated for 24 hrs at 37 ºC and the zones of inhibitions were measured. 
[bookmark: _Hlk180348648][bookmark: _Hlk180781644][bookmark: _Hlk180356390]2.4 Minimum Inhibition Concentration assay:
[bookmark: _Hlk180358363][bookmark: _Hlk180358020][bookmark: _Hlk180359191][bookmark: _Hlk180358679][bookmark: _Hlk180359002][bookmark: _Hlk180779348][bookmark: _Hlk180615893][bookmark: _Hlk180359539][bookmark: _Hlk180615821][bookmark: _Hlk180358671][bookmark: _Hlk180358948][bookmark: _Hlk180358696][bookmark: _Hlk180359236][bookmark: _Hlk180358551][bookmark: _Hlk180359377][bookmark: _Hlk180616799][bookmark: _Hlk180618009]In order to perform the MIC assay of Bacillus mycoides against fungal pathogens Candida albicans and Candida parapsilosis , 96 well plates were used. 100µl each of peptone broth, 0.5 McFarland B. mycoides bacterial suspension and B. mycoides supernatant was added to three consecutive column each and serial dilution was done. Then 10µl bacterial suspension of Candida albicans and Candida parapsilosis was added individually to all wells. The O.D was taken at 660nm at 0 hrs and again after 24hrs of incubation at 37 ºC. Calculations were done and the graphs were plotted.
2.5 Natural chitin preparation from shripm shells:
[bookmark: _Hlk180352629][bookmark: _Hlk180358051][bookmark: _Hlk180357869][bookmark: _Hlk180356844][bookmark: _Hlk180352861][bookmark: _Hlk180353218][bookmark: _Hlk180605863][bookmark: _Hlk180356212][bookmark: _Hlk180616308][bookmark: _Hlk180356289][bookmark: _Hlk180356815]For determining the chitinase activity of Bacillus mycoides, chitin was prepared from shrimp shells available in the local market. To do so, first the shells were collected and washed thoroughly and grinded well using mortar and pestle to make it into fine powder. This was weighted properly and to it was added 5 volumes of 1N HCl and kept. This step was repeated after 3 hours and the mixture was kept overnight. Then it was washed properly several times with distil water to wash away unwanted any unwanted minerals and dried for an hour. Then 5 volumes of 5% NaOH was added and heated at 75ºC in the water bath to deproteinise it. Lastly, it was again washed properly and cautiously with distilled water at kept at 65 ºC overnight. The material obtained was natural chitin, which was then used for future experimentations (Islam et al. 2016).
 [image: WhatsApp Image 2024-10-20 at 21]        [image: WhatsApp Image 2024-10-20 at 21]         [image: WhatsApp Image 2024-10-20 at 21]
	FIG 3. Preparation process of natural chitin from shrimp shells.



[bookmark: _Hlk180615535][bookmark: _Hlk180781912][bookmark: _Hlk180617123][bookmark: _Hlk180615516][bookmark: _Hlk180617380]2.6 Evaluating chitinase activity of Bacillus mycoides against natural versus synthetic chitin by mesuring optical density:
[bookmark: _Hlk180617180][bookmark: _Hlk180615924][bookmark: _Hlk180616024][bookmark: _Hlk180616072][bookmark: _Hlk180617895][bookmark: _Hlk180615990][bookmark: _Hlk180615975][bookmark: _Hlk180617917][bookmark: _Hlk180617167]To measure the chitinase activity of Bacillus mycoides, three experiential sets for both natural and synthetic (HiMedia) chitin individually were taken: control set (with chitin powder 1% and 1% saline water), B. mycoides bacterial suspension set (with 1% 0.5 McFarland B. mycoides bacterial suspension, chitin powder 1% and 1% saline water) and B. mycoides supernatant set (with 1% B. mycoides supernatant, chitin powder 1% and 1% saline water). Optical densities were observed using spectrophotometer at 640 nm at intervals of every 15 minutes from 0-1 hour. This data was noted down to plot a graph (Shafiq et al. 2024).
[bookmark: _Hlk180782061]2.7 Difference in chitin degrading activity of Bacillus mycoides against natural versus synthetic chitin:
[bookmark: _Hlk180618127][bookmark: _Hlk180779819][bookmark: _Hlk180780030]In a sterile petri plate, 1% chitin power (both natural and synthetic separately), 0.5% normal saline and 1.5% agarose are to be taken and allowed to solidify. Then sterile filter paper discs are placed on each plate which were previously inoculated with 0.5 McFarland B. mycoides bacterial suspension and B. mycoides supernatant discretely. They were then incubated at 37ºC for 24hrs and the growth of Bacillus mycoides was observed under the microscope. With the only source of nutrition being chitin, in order to grow B. mycoides must degrade the available chitin, this gives us our desired experimental results.

3. RESULTS
3.1 Disc and agar well diffusion assay:
[bookmark: _Hlk180779892][bookmark: _Hlk180879195][bookmark: _Hlk180832426][bookmark: _Hlk180832077][bookmark: _Hlk180780073][bookmark: _Hlk180832479][bookmark: _Hlk180780160][bookmark: _Hlk180865499]There was zone of inhibitions observed for all the four fungal strains tested against Bacillus mycoides. The zone of inhibition measured for 0.5 McFarland B. mycoides bacterial suspension against Candida albicans was 11.0 mm, that of Candida parapsilosis was 6.25mm and for B. mycoides supernatant against Candida albicans was 6.0 mm, that of Candida parapsilosis was 8.5mm. This brings us to the understanding that Bacillus mycoides is an effective antifungal agent as it is capable of inhibiting the growth of these fungi. 
 [image: WhatsApp Image 2024-10-25 at 19]                  [image: WhatsApp Image 2024-10-25 at 19]   
	FIG 4. Zone of inhibition shown by Bacillus mycoides against Candida parapsilosis.



	FIG 5.  Zone of inhibition shown by Bacillus mycoides against Candida albicans.
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[bookmark: _Hlk180832333]3.2 Minimum Inhibition Concentration assay:
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	FIG 6. Graphical representation of MIC values of Bacillus mycoides against Candida albicans.
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	FIG 7. Graphical representation of MIC values of Bacillus mycoides against Candida parapsilosis.



[bookmark: _Hlk180833490]3.3 Evaluating chitinase activity of Bacillus mycoides against natural versus synthetic chitin by mesuring optical density:
The chitinase activity of Bacillus mycoides was significantly different for natural and synthetic chitin. From the graphs we can say that the action of chitin breakdown starts within 15 m as in case of natural chitin, whereas it takes 45 m for synthetic chitin to start its chitinase activity. This delay in action in case of synthetic chitin maybe due to various reasons such as; the source of shrimp shells for synthetic and natural chitin maybe different in both cases. Synthetic chitin has presence of added preservative to increase shelf life which is absent in the chitin extracted naturally. This must have caused the lag in activity in case of synthetic chitin as compared to the natural one.
[image: Picture1]
	FIG 8. Graphical representation of chitinase activity of Bacillus mycoides against natural chitin.
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	FIG 9. Graphical representation of chitinase activity of Bacillus mycoides against synthetic chitin.



FIG 10. Difference in chitin degrading activity of Bacillus mycoides against natural versus synthetic chitin:
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4. DISCUSSION:
The absence of fungus around the artifacts in the ruins of Lal Masjid made us curious about its reason. It was evident that despite the place being abandoned with no sunlight and moist surroundings, which are deemed ideal for the growth of fungus, there were none. This led us to dig deep into the reason and find out the agent that was acting as an effective antifungal. With gene isolation and sequencing of the soil samples collected from the ruins, we finally came across the presence of a microbe that has major antifungal activity. This was identified to be Bacillus mycoides from the family of B. cereus and an effective antifungal agent. It was due to the presence of this bacterium no fungus was able to grow on the artifacts from the ruins. This led us to further experimentation on the antifungal nature of Bacillus mycoides. 
The search for antifungal agents that are naturally found in the environment is vital with the want to discover new and effective ways to battle fungal pathogens. Thus, we evaluate the chitinase activity of Bacillus mycoides as chitin is the most essential part of the cell wall structure of a fungus. Hence, if the bacteria can effectively degrade chitin, it will prove to successfully degrade fungal pathogens. In our study, Bacillus mycoides has shown positive results in inhibiting fungal pathogens like Candida albicans and Candida parapsilosis. Besides giving proper zone of inhibitions in disc diffusion and well plate assay. The zone of inhibition measured against B. mycoides bacterial suspension against Candida albicans was 11.0mm and for Candida parapsilosis was 6.25mm. And for B. mycoides supernatant against Candida albicans was 6.0mm and for Candida parapsilosis was 8.5mm. Also, the MIC results observed were. Further chitinase study with Bacillus mycoides against both natural and synthetic chitin helped us discover the chitin-degrading properties of the microbe. 
This brings us to the decision that Bacillus mycoides has chitinase activity and is an active antifungal agent against all these fungal pathogens.
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