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A B S T R A C T   

Novel anticancer drugs of natural origin have increased tremendously due to the resistance of multiple 
chemotherapeutic drugs in breast cancer therapy and their high toxicity with undesirable side effects. The study 
investigates the bioactivity of secondary metabolites derived from Bacillus cereus PSMS6 isolated from marine soil 
sediment in the Velar estuary, Parangepattai, Cuddalore district, Tamil Nadu, and India. Strains were isolated 
and antagonistic activity was screened using the agar well diffusion method. B. cereus PSMS6 exhibited potency, 
and its crude extract was tested for antioxidant, anticancer, and cytotoxic MTT assay potential. The methanolic 
extract of B. cereus PSMS6 was analyzed by mass spectrometry HRLC-MS and FT-IR to determine the bioactive 
compounds. A drug interaction study with the anti-breast cancer protein HER2 was performed by molecular 
docking analysis. Antioxidant activities were determined using total antioxidant scavenging assay, ABTS and 
DPPH free radical scavenging assays. The total antioxidant scavenging assay of the crude extract of B. cereus 
methanol had an IC50 value of 28.33±1.01, in ABTS IC50 value of the extract was 29.00±0.28 and in DPPH the 
IC50 of the extract was 34.91±0.09. The negative ion compound Palmitoylglycerone phosphate had a LibDock 
score of 149.487 and the positive ion compound N5-(4-Methoxybenzyl) glutamine had 120.116. These com-
pounds show promising anticancer activity. The current study reported that the bioactive secondary metabolite 
of B. cereus PSMS6 retains anti-cancer, and antioxidant properties. This is the first report to show the production 
of the Palmitoylglycerone phosphate metabolite from B. cereus PSMS6.    
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TGF-α Transforming growth factor alpha 

1. Introduction 

Breast cancer is the leading cause of cancer mortality in women 
worldwide, Understanding and treating breast cancer on a worldwide 
basis depends heavily on epidemiology. The disease is correlated with 
human development, but survival rates are less favourable in less 
developed regions. The rate of incidence is significantly higher among 
old-aged women and the median age of breast cancer diagnosis was 63 
years from year 2014–2018, which has, increased to 69 years during the 
years 2015–2019. However, the mortality rate has been reduced by 1.1 
% during 2013–2019 [1]. The World Health Organization (WHO) 
launched the Global Breast Cancer Initiative to improve survival rates 
through health promotion, timely diagnosis, comprehensive treatment, 
and supportive care [2]. Breast cancer was a contributing factor in over 
6,85,000 female deaths globally in 2020. Also, 3,00,590 new cases and 
43,700 deaths of breast cancer in the United States, were reported in 
2023 [3]. Nearly two-thirds of the fatalities were recorded in 
less-developed areas. From the last 5-year survival rate for breast cancer 
is much over 80 % in more developed countries. More than 50 % of 
South Africans and less than 70 % of Indians, respectively, are thought to 
have died within five years [4]. 

The global age-standardized breast cancer incidence rate is 48/ 
100,000, with varying rates in sub-Saharan Africa, Western Europe, and 
North America. Age is the maximum essential hazard factor, with the 
very best occurrence fees located inside the oldest females [5]. Almost 
70 % of BC have a positive hormone receptor (HR) and a positive human 
epidermal growth factor receptor 2 (HER2) [6]. Epidermal growth factor 
receptor (EGFR) is a cellular receptor that performs a crucial charac-
teristic in cellular growth, proliferation, and survival. It is a member of 
the ErbB family of receptors and is activated through interacting with 
certain ligands, such as epidermal growth factor (EGF) and transforming 
growth factor alpha (TGF-α). Once activated, EGFR triggers a signalling 
cascade that leads to various cellular responses, including DNA syn-
thesis, cell division, and migration [7]. The ERBB2 gene encodes for 
HER2 which is located on chromosome 17 and plays a crucial role in cell 
growth and division in Homo sapiens [8]. Overexpression or amplifica-
tion of the HER2 protein is associated with aggressive forms of breast 
cancer, making it an important target for therapeutic interventions. 
Overexpression of HER2, EGFR, and other receptor tyrosine kinases 
plays a major role in breast cancer [9]. This HER2 is an oncogene, a 
receptor tyrosine kinase that promotes cell growth and survival. Tar-
geted therapies such as Trastuzumab have been developed to specifically 
inhibit the activity of HER2 and improve the outcomes for individuals 
who have HER2-positive breast cancer [10]. 

New therapies are being investigated in breast cancer, such as gene 
therapy, breast cancer vaccines, adoptive cell therapies, including T cell 
receptor therapy etc. Most of them are still ongoing [3]. Drug agents, 
such as Trastuzumab and Pertuzumab, have shown remarkable efficacy 
in inhibiting the growth of HER2-positive tumours. They work by spe-
cifically targeting the HER2 receptor, blocking this signalling pathway 
and preventing cancer cell proliferation [11]. Microbial communities 
play a vital role in nutrient cycling, carbon sequestration, and the 
breakdown of organic matter in marine sediments. Additionally, they 
contribute to the overall health and stability of marine ecosystems by 
regulating water quality and supporting the growth of other organisms 
through symbiotic relationships [12]. Ribosomal DNA (rDNA), is a 
phylogenetic marker that is frequently employed in taxonomy research 
and phylogenetic inferences. Prokaryotic rDNA has three subunits (5S, 
16S, and 23S) which differentiate them from eukaryotes, together with 
two internal transcribed spacers (ITS1 and ITS2) that have various rates 
of evolution [13]. Each site can be evaluated separately for phylogenetic 
purposes, and the choice of a certain location depends on the taxonomic 
level. So, for phylogenetic inferences of closely related species or genera, 
areas with fast evolution are considered. Numerous methods are 

available to construct phylogenetic trees that predict the relatedness 
between microbial species. In our study, we collected the marine soil 
sample and characterized the microorganisms using 16S rDNA 
sequencing. From the sequencing data, the microbial species were 
classified into clades after analyzing the complete dataset with 
neighbor-joining and a basic heuristic search based on maximum 
parsimony [14]. The associated taxa are clustered together in the 
bootstrap method with 1000 replicates. Various compounds from both 
marine and freshwater organisms can be isolated using efficient tech-
niques like high-performance liquid chromatography (HPLC) [15]. Of 
all the microbes isolated, B. cereus was chosen for the identification of 
secondary metabolites using HRLC-MS from the crude extract. The 
species was confirmed based on the 16S rRNA gene and morphological 
characterization based on its biological activity. The antioxidant capa-
bility of the B. cereus methanolic crude extract was determined using 
various free radical scavenging assays. 

Breast cancer treatment faces unmet needs, including improving 
efficacy, minimizing adverse effects, and reducing cancer recurrence. 
Current therapies, such as chemotherapy and radiation, struggle with 
drug resistance and incomplete eradication. The antioxidant capability 
of B. cereus methanolic crude extract could address these issues by 
scavenging free radicals and reducing oxidative stress. This could 
enhance conventional cancer therapies, target drug-resistant tumors, 
and prevent cancer recurrence, offering novel therapeutic options that 
can improve patient outcomes. A molecular docking study has been 
performed on the secondary metabolites derived from the crude extract 
in relation to the target protein. We have chosen to restrict the com-
pounds included in the docking study to those whose structures have 
been adequately defined to allow for obvious identification and 
matching with available data. Furthermore, in silico studies use 
computer-based models to find and filter certain extract components 
that have strong anti-breast cancer capabilities. The study focuses on the 
effectiveness of the bacterial crude extract in inhibiting the proliferation 
and cell division of MCF-7 breast cancer cells. Also, we performed a 
cytotoxicity assay to validate our findings. 

2. Materials and methods 

2.1. Sample collection 

The samples were obtained from the marine soil sediments of the 
Velar estuary, Parangipettai, Tamil Nadu, India (Latitude. 11◦29′24.9″N 
and Longitude. 79◦45′56.6″E). Bacterial isolation was carried out by 
serial dilution of samples, 1 g of soil dissolved in 9 ml of distilled water. 
The samples were serially diluted and dilutions (dilutions taken for the 
experiment) it was spread-plated on Luria Bertani (LB) (pH of the me-
dium) agar plates. Plates were incubated at 37◦C for 24 hrs. The isolated 
colonies were further cultured by quadrant streaking method to obtain 
pure culture and were maintained in a nutrient agar slant. 

2.2. DNA extraction 

Bacterial culture was taken (2 ml) and centrifuged at 8000 rpm for 15 
min. The supernatant was discarded, and the pellet was collected and 
resuspended in 500 µl of Solution – I (10 mm Tris, 10 mm MgCl2, 20 mm 
EDTA, 40 mm NaCl, 10 mm KCl) and 50 µl of Lysozyme. The sample was 
vortexed and incubated at 37◦C for 1 h. 20 % of SDS (30 µl) was added 
along with 5 µl of proteinase K and incubated at 65◦C for 30 min and 
cooled. 40 µl of 5 M NaCl and 32 µl of CTAB/NaCl were added and 
incubated at 60◦C for 10 min. Then an equal volume of freshly prepared 
Chloroform: Isoamyl alcohol (24:1) was added and the solution color 
turned into milky white. The solution was centrifuged at 8000 rpm for 
10 min, the aqueous layer was separated into a new Eppendorf tube. 500 
µl of pre-chilled ethanol (% of ethanol used) was added and it was 
maintained at − 20◦C overnight. The solution was then centrifuged at 
10,000 rpm for 15 min. The pellet was air-dried and reconstituted in 50 
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µl of TE buffer [16]. After this step, DNA was run in 0.8 % Agarose Gel 
electrophoresis 50X TAE buffer 6X Gel loading dye and Ethidium bro-
mide solution. The PCR reaction mixture used had 5 µl of Master mix 
containing: 1 µl of Forward primer, 1 µl of Reverse primer, 1 µl DNA and 
2 µl of MilliQ water. The PCR reaction was carried out by an initial 
denaturation step at 95◦C for 3 mins followed by 35 cycles of denatur-
ation at 94◦C to 40 secs annealing temperature of 46◦C for 45 s and 
elongation at 72◦C for 15 min. Amplification of DNA was confirmed by 
1.2 % agarose gel electrophoresis [17]. 

2.3. Phylogenetic analysis 

The 16S rRNA gene of the marine strain was sequenced and the 
obtained result was matched with existing sequence data present in 
NCBI [18] using BLAST [19]. Phylogenetic analysis was carried out by 
using MEGA 11.0 software [20]. The evolutionary history was inter-
preted by using the Neighbor-Joining method [21]. The pairwise genetic 
diversity and Tajima’s neutrality test [22] were computed among the 
selected phylogenetic neighbours. 

2.4. Mass cultivation of bacteria 

For mass cultivation, the bacterial strain B. cereus was grown in 50 ml 
of Luria Bertani broth (LB) and incubated at 37◦C for 24 h. Then pre-
pared seed culture was transferred into a 1000 ml mass culture medium 
incubated in a rotary shaker at 120 rpm at 37◦C for five days. 

2.5. Extraction of secondary metabolite and preparation of crude extract 

Following the incubation time, the pellet was disposed of and the 

bacterial culture was centrifuged for 20 min at 8000 rpm. Using a 0.22 
µm membrane filter, the resulting supernatant was filtered as part of a 
purification process to eliminate bacterial organisms. After that, the cell- 
free supernatant was combined with an equivalent amount of ethyl ac-
etate (1:1 v/v) and agitated for 24 h at 120 rpm. A solvent extraction 
funnel was used to isolate the ethyl acetate phase, which was then 
concentrated under a rotating vacuum evaporator. Following that, it was 
dried at 72◦C with a magnetic stirrer. Then after, the crude extract was 
kept in storage at − 20◦C. 

2.6. Fourier transform – infrared (FT-IR) analysis 

B. cereus crude extracts were taken as dry powder. 1 mg of the crude 
extract was dissolved in 1 ml of distilled water. Utilizing FT-IR spec-
troscopy, the sample was placed in a sample holder and its spectrum was 
captured between 4600 and 450 cm− 1 range [23]. 

3. Antioxidant activity 

3.1. Total antioxidant radical scavenging activity 

The total antioxidant content of methanol extracts of B. cereus bac-
teria was estimated using a Folin-Ciocalteau reagent-based assay, using 
ascorbic acid as a standard [24]. The extract was dissolved in methanol, 
500 µl of reagent, and 20 % Na2CO3 added. The colour was recorded at 
765 nm using a UV–vis spectrophotometer. 

% of total antioxidant =
Concentration of Ascorbic acid

Weight of extract
X volume of extract  

3.2. ABTS scavenging activity 

The ABTS radical cation decolourization assay measured the anti-
oxidant activity of marine B. cereus. The method involved reacting 7 mM 
ABTS with 5 mM potassium persulfate for 12–16 h, then adding a diluted 
ABTS solution to the crude extract at varying concentrations. The 
absorbance was recorded (nm), and the percentage of inhibition was 
calculated [25]. 

% Scavenging =
Control OD − Test OD

Control OD
X 100  

3.3. DPPH radical scavenging activity 

In order to transform into a stable diamagnetic molecule, DPPH, a 

Fig. 1. Morphological characterization and identification of B. cereus by 16S rRNA gene sequencing. (A) Bacillus cereus culture plate, (B) microscopic view, (C) PCR 
amplification, and (D) Phylogenetic evaluation. 

Table 1 
FT-IR analysis of B. cereus crude extract.  

S. No. Wavelength (cm-1) Functional group Compound class 

1 3790.4 O-H stretching Alcohol 
2 3338.18 N–H stretching Aliphatic primary amine 
3 2401.91 O=C=O stretching Carbon dioxide 
4 2348.87 O=C=O stretching Carbon dioxide 
5 2078.89 N=C=S stretching Isothiocyanate 
6 1630.52 C=C stretching Cyclic alkene 
7 1530.24 N-O stretching Nitro compound 
8 1402.96 S=O stretching Sulfonyl chloride 
9 1273.75 C–O stretching Aromatic ester 
10 1222.65 C-O stretching Vinyl ether  
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stable free radical, must either accept an electron or a hydrogen radical. 
An antioxidant substance that can donate hydrogen and is reduced from 
reacting with DPPH. It was measured how the colour changed (from 
deep violet to pale yellow). The yellow colour intensity in a sample is 
directly linked to the concentration and effectiveness of radical scav-
engers. Higher antioxidant concentrations reduce DPPH radicals, while 
different types of scavengers affect colour intensity. The strength and 
composition of these scavengers determine DPPH radical scavenging 
activity. We collected sample extracts at various concentrations and 
adjusted the volume to the solvent. The extraction solutions of 0.1 mM 
DPPH were added to the various concentrations of the crude extract and 
vigorously vortexed at 900 rpm. The tubes were left to stand at 27 ◦C for 
20 min. At 517 nm, the sample’s absorbance was measured. The 
expression of radical scavenging activity was expressed as the sample 
extracts’ efficiency in trying to prevent the formation of free radicals. 
The sample’s capacity to scavenge free radicals increases with 
increasing inhibition percentage. The findings revealed a dose- 
dependent effect, with the inhibition percentage increasing as the con-
centration of the sample extracts did. Additionally, the level of radical 
scavenging activity varied between samples, indicating that the type of 
radical scavenger in each sample affected how much inhibition was 
present. It was determined by applying the formula:% of B. cereus ex-
tracts at various concentrations (125, 250, 500, and 1000 g/ml) were 
taken, 1 ml of DPPH was added, and this was made up to 3 ml with 
distilled water. 30 min at room temperature were given for the tubes to 
stand. A positive control was ascorbic acid. The changes in absorbance 
of the sample and control were measured in a spectrophotometer at 514 
nm, and the experiment was carried out in triplicate. A control without 
extract was also prepared. Using the following formula, the percentage 
of DPPH decolorization in the samples was calculated [26]. 

% Scavenging =
Absorbance of control − Absorbance of sample

Absorbance of Control
X 100  

3.4. High-Resolution liquid chromatograph mass spectrometry analysis 

Using an Agilent 1200 LC system, the crude extract was subjected to 
an HR-LCMS analysis to profile B. cereus secondary metabolites. At the 
SAIF facility of the Indian Institute of Technology in Mumbai, India, the 
identification of B. cereus secondary metabolites by LC-MS analysis was 
done. Further analysis of the B. cereus crude extracts involved HRLC-MS 
using a G6550A quadrupole time-of-flight mass spectrometer and an 
ionization method lasting 30 min in ESI 10,032,014-positive mode. The 
flow rate of the samples was 0.3 ml/min as they were injected using a 
direct syringe pump. Mobile phase A and mobile phase B of the solvent 
system were configured. Formic acid 0.1 % was added to mobile phase 
A, which was water, and to mobile phase B, which was acetonitrile. A 
Peptide was eluted directly off the column into the LCQ system using a 
gradient of 5–95 %. The total run time was set at 30 min. The samples 
were fully scanned in positive mode with a mass range of 50–1000 m/z. 

3.5. Protein-protein interaction networks (PPINs) 

The genes in the dataset were chosen based on a literature survey 
using the keyword “ERBB2 signalling pathway”. The draft PPINs were 
constructed using the String v11.5 server with the highest confidence 
score of 0.9 (>90 % similarity) [27]. The network was constructed using 
direct interaction of each gene connected. The final network was vali-
dated and designed using the Cytoscape v3.10.0 [28]. Hub genes (highly 
interconnected genes/nodes that share high interaction with edges) 
were predicted using the CytoHubba module [29], and the network 
properties were predicted using the Network analyzer module [30] in 
the Cytoscape. 

3.6. Molecular docking 

The molecular docking analysis has been carried out in Dassault 
Systems BIOVIA Discovery Studio v22.1.100, the licensed version. The 
three-dimensional structure of our target protein, HER2, was retrieved 

Fig. 2. FT-IR analysis of B. cereus crude extract.  
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Fig. 3. DPPH free radical scavenging assay (a), ABTS scavenging activity (b), and total antioxidant free radical scavenging activity (c) of B. cereus crude methanolic 
extract and ascorbic acid. 

S. TS et al.                                                                                                                                                                                                                                       



BiotechnologyReports42(2024)e00842

6

Table 2 
HRLC-MS analysis of B. cereus methanolic extract (Positive).  

S. 
No. 

Retention 
time (RT) 

Compound name PubChem 
ID 

Compound structure Molecular 
formula 

Molecular 
weight (g/mol) 

Score M/Z [þ] Hydrogen 
donor 

Hydrogen 
acceptor 

XLog Lipdock Score 
value (5MY6) 

1 1.344 Isoleucyl-Glycine 6,992,869 C8H16N2O3 188.1132 188.1135 211.1025 3 4 − 2.3 88.559 

2 1.465 (S)− 2,3,4,5- Tetrahydropiperidine- 
2- carboxylate 

45,266,761 C6H9NO2 127.0638 127.0638 150.053 0 3 0.5 62.748 

3 1.465 Indole-3-methyl acetate 74,706 C11H11NO2 189.0795 189.0795 190.0867 1 2 1.7 88.1385 

4 1.908 (2S)− 2-{[1-(R)- Carboxyethyl] 
amino}pentanoate 

134,820,391 C8H15NO4 189.0993 189.0993 212.0886 1 4 − 0.3 85.1256 

5 2.462 (2R,3R,4R)− 2-Amino-4- hydroxy‑3- 
methylpentanoic acid 

2,769,418 C6H13NO3 147.0891 189.0992 170.0782 3 4 − 2.8 70.9589 

6 2.653 N-Nitrosoproline 10,419,304 C5H8N2O3 144.0533 144.0533 167.0425 1 5 0.3 70.2523 

7 2.844 L-2-Amino-3- methylenehexanoic 
acid 

76,223,581 C7H13NO2 143.0941 143.0941 166.0834 2 3 − 1 71.9301 

8 2.885 Methyl N-methyl anthranilate 6826 C9H11NO2 165.0779 165.0779 188.0674 1 3 2.3 72.6886 

9 3.069 Feruloyl-2-hydroxyputrescine 131,751,430 C14H20N2O4 280.1403 280.1403 303.129 4 5 0.1 104.295 

10 3.65 Methyprylon 4162 C10H17NO2 183.125 183.125 206.1142 1 2 0.8 78.5001 

11 3.773 L-alpha-Amino-1H-pyrrole-1- 
hexanoic acid 

15,800,938 C10H16N2O2 196.1183 196.1183 197.1255 2 3 − 1.9 96.1371 

(continued on next page) 
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Table 2 (continued ) 

S. 
No. 

Retention 
time (RT) 

Compound name PubChem 
ID 

Compound structure Molecular 
formula 

Molecular 
weight (g/mol) 

Score M/Z [þ] Hydrogen 
donor 

Hydrogen 
acceptor 

XLog Lipdock Score 
value (5MY6) 

12 4.005 Glycerol 1-propanoate 117,335 C6H12O4 148.0734 148.0734 171.0625 2 4 − 0.5 74.7084 

13 4.172 (Z)− 2-Hexenal 6,428,782 C6H10O 98.0733 98.0733 121.0625 0 1 1.5 51.382 

14 4.315 Alpha-N-Phenylacetyl-l-glutamine 92,258 C13 H16 N2O4 264.1096 264.1096 287.0985 3 4 0 114.493 

15 4.421 Demethylcitalopram 162,180 C19H19FN2O 310.1503 310.1503 333.14 1 4 2.8 111.245 

16 4.487 Propiomazine 4940 C20H24N2OS 340.1606 340.1606 363.15 0 4 4.8 108.171 

17 4.548 Bupropion 444 C13H18ClNO 239.1122 239.1122 240.1195 1 2 3.2 85.347 

18 4.581 3-Oxochola-4,6‑dien-24-oic Acid 5,283,992 C24H34O3 370.2523 370.2523 371.2596 1 3 5.2 68.9361 

19 4.917 2,5-Dimethyloxazole 89,961 C5H7NO 97.053 97.053 120.0422 0 2 1.1 53.329 

20 4.92 Buthionine sulfoximine 21,157 C8H18N2O3 S 222.1026 222.1026 245.0917 3 5 − 0.6 97.2777 

(continued on next page) 
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https://pubchem.ncbi.nlm.nih.gov/compound/21157


BiotechnologyReports42(2024)e00842

8

Table 2 (continued ) 

S. 
No. 

Retention 
time (RT) 

Compound name PubChem 
ID 

Compound structure Molecular 
formula 

Molecular 
weight (g/mol) 

Score M/Z [þ] Hydrogen 
donor 

Hydrogen 
acceptor 

XLog Lipdock Score 
value (5MY6) 

21 5.12 7,8-Diaminononanoate 652 C9H20N2O2 188.1516 188.1516 211.1408 3 4 − 2.3 89.9719 

22 5.381 Phenylalanyl-Serine 193,508 C12H16N2O4 252.1101 252.1101 275.099 4 5 − 3.7 109.622 

23 5.463 N5-(4- Methoxybenzyl)glutamine 131,751,461 C13H18N2O4 266.1249 266.1249 289.114 3 5 − 2.3 115.589 

24 5.82 Guanidinoproclavaminic acid 441,124 C9H16N4O4 244.1175 244.1175 245.1247 4 5 − 2.7 119.712 

25 5.966 9-Hydroxy-7-megastigmen-3- one 
glucoside 

131,752,911 C19H32O7 372.2209 372.2209 373.2282 4 7 0.4 105.896 

26 6.19 Miotine 46,093 C12H18N2O2 222.1357 222.1357 245.1247 1 3 1.6 84.7941 

(continued on next page) 

S. TS et al.                                                                                                                                                                                                                                       

https://pubchem.ncbi.nlm.nih.gov/compound/652
https://pubchem.ncbi.nlm.nih.gov/compound/193508
https://pubchem.ncbi.nlm.nih.gov/compound/441124
https://pubchem.ncbi.nlm.nih.gov/compound/46093


BiotechnologyReports42(2024)e00842

9

Table 2 (continued ) 

S. 
No. 

Retention 
time (RT) 

Compound name PubChem 
ID 

Compound structure Molecular 
formula 

Molecular 
weight (g/mol) 

Score M/Z [þ] Hydrogen 
donor 

Hydrogen 
acceptor 

XLog Lipdock Score 
value (5MY6) 

27 6.61 Coformycin 25,447 C11H16N4O5 284.1117 284.1117 289.1136 5 7 − 3.1 116.195 

28 6.883 Miraxanthin-III 135,438,593 C17H18N2O5 330.1166 330.1166 331.1238 4 7 1.4 110.047 

29 8.129 Fortimicin A 5,284,517 C17H35N5O6 405.2598 405.2598 428.2489 6 10 − 4.4 109.96 

30 15.7 Sorbitan laurate 347,468 C18H34O6 346.2357 346.2357 174.1252 3 6 3.7 110.258 

31 15.783 N-Acetyl-b-glucosaminylamine 439,454 C8H16N2O5 220.1065 220.1065 221.1137 5 6 − 2 98.2361  
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Table 3 
HRLC-MS analysis of B. cereus methanolic crude extract (Negative).  

S. 
No. 

Retention 
time (RT) 

Compound name PubChem 
ID 

Compound structure Molecular 
formula 

Molecular 
weight (g/ 
mol) 

Score M/Z [-] Hydrogen 
donor 

Hydrogen 
acceptor 

XLog Lipdock 
Score 
value 

1 6.125 Ellagic acid 5,281,855 C14H6O8 302.0058 52.74 347.0031 4 8 1.1 113.021 

2 0.963 4-Methylburimamide 3,084,972 C10H18N4S 226.1255 92.85 271.1236 3 2 0.8 99.4937 

3 1.123 N-Nitroethylenediamine 194,053 C2H7N3O2 105.0534 75.81 150.0515 2 4 − 0.4 54.2295 

4 1.186 4-Chlorophenylacetonitrile 241,582 C8H6ClN 151.0213 35.46 196.0195 0 1 2.5 67.4204 

5 2.95 Enoxacin 3229 C15H17FN4O3 320.1305 85.93 319.1233 2 8 − 0.2 48.7013 

6 3.446 D‑erythro-d-galacto-octitol 219,890 C8H18O8 242.099 83.89 287.0972 8 8 − 4.3 108 

7 3.657 N-Acetyl-O-demethylpuromycin-5′- 
phosphate 

46,173,767 C23H30N7O9P 579.1851 95.61 624.1831 6 13 − 1.7 – 

(continued on next page) 
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Table 3 (continued ) 

S. 
No. 

Retention 
time (RT) 

Compound name PubChem 
ID 

Compound structure Molecular 
formula 

Molecular 
weight (g/ 
mol) 

Score M/Z [-] Hydrogen 
donor 

Hydrogen 
acceptor 

XLog Lipdock 
Score 
value 

8 4.115 Candesartan cilextil 2540 C33H34N6O6 610.2505 74.89 655.249 1 10 7 – 

9 4.333 Curcumin diglucoside 46,173,989 C33H40O16 692.232 94.85 691.2249 9 16 0.4 – 

10 4.928 Austin 38,353,601 C27H32O9 500.2037 93.91 499.1967 1 9 1.4 – 

11 4.688 Oplophorus luciferin 135,445,694 C26H21N3O3 423.1562 68.65 482.1698 3 5 5.5 – 

12 4.799 Linalool 3,7-oxide beta-primeveroside 131,752,012 C21H36O11 464.2274 74.45 523.2434 6 11 − 2.2 – 

13 4.925 Metiamide 1,548,992 C9H16N4S2 244.0824 88.97 243.075 3 3 0.5 – 

(continued on next page) 
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Table 3 (continued ) 

S. 
No. 

Retention 
time (RT) 

Compound name PubChem 
ID 

Compound structure Molecular 
formula 

Molecular 
weight (g/ 
mol) 

Score M/Z [-] Hydrogen 
donor 

Hydrogen 
acceptor 

XLog Lipdock 
Score 
value 

14 5.202 1-Hydroxy-3,6,7-trimethoxy-2- (3- 
methyl-2-butenyl)− 8-(3- hydroxy‑3- 
methyl-1E-butenyl)-xanthone 

5,319,715 C26H30O7 454.1987 73.23 453.191 2 7 5.3 – 

15 5.281 Quinestrol 9046 C25H32O2 364.2399 95.7 423.2538 1 2 5.3 – 

16 5.338 Bn-NCC-1 131,752,318 C37H40N4O11 716.2773 51.71 715.2701 7 11 2.8 – 

17 5.407 Palmitoylglycerone phosphate 167,650 C19H37O7P 408.2277 83.34 453.227 2 7 5.4 – 

18 5.438 Uplandicine 156,778 C17H27NO7 357.1825 63.68 356.1757 3 8 − 1.3 – 

19 5.522 D‑erythro-d-galacto-octitol 219,890 C8H18O8 242.0991 85.59 287.0974 8 8 − 4.3 – 

20 5.553 C.I. Pigment Red 149 62,555 C40H26N2O4 598.1892 58.22 597.187 0 4 8.3 – 

21 5.647 N2-Fructopyranosylarginine 75,046,985 C12H24N4O7 336.1615 66.77 381.1599 8 9 − 6.1 141.837 

(continued on next page) 
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Table 3 (continued ) 

S. 
No. 

Retention 
time (RT) 

Compound name PubChem 
ID 

Compound structure Molecular 
formula 

Molecular 
weight (g/ 
mol) 

Score M/Z [-] Hydrogen 
donor 

Hydrogen 
acceptor 

XLog Lipdock 
Score 
value 

22 5.76 Palmitoylglycerone phosphate 167,650 C19 H37 O7 P 408.2289 93.63 453.2274 2 7 5.4 149.487 

23 6.423 (3b,20R,22R)− 3,20,27- Trihydroxy-1- 
oxowitha-5,24- dienolide 3-glucoside 

73,108,380 C34 H50 O11 634.3235 50.85 633.3165 6 11 1.4 – 

24 7.105 Symlandine 5,281,753 C20H31NO6 381.2188 73.47 426.2171 2 7 1.3 94.2567 

25 7.436 Dihydrodeoxystreptomycin 11,953,824 C21H41N7O11 567.2815 67.91 612.2798 12 14 − 7.1 – 

26 12.393 Trihomomethionine 22,266,650 C8H17NO2S 191.1017 52.98 236.0997 2 4 − 1.1 82.2301 

27 12.396 Procarbazine 4915 C12H19N3O 221.1496 33.47 220.1414 3 3 0.1 91.5776 

28 12.458 Tropisetron 656,665 C17H20N2O2 284.1477 43.5 329.1459 1 3 3.8 113.071 

(continued on next page) 
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Table 3 (continued ) 

S. 
No. 

Retention 
time (RT) 

Compound name PubChem 
ID 

Compound structure Molecular 
formula 

Molecular 
weight (g/ 
mol) 

Score M/Z [-] Hydrogen 
donor 

Hydrogen 
acceptor 

XLog Lipdock 
Score 
value 

29 12.698 Eburnamonine 92,112 C19H22N2O 294.1768 69.96 293.1695 0 2 3 104.738 

30 17.9 Talbutal 8275 C13H20N2O3 252.1481 90.28 297.1466 2 3 1.4 90.8654 

31 17.986 Actinamine 46,173,945 C8H18N2O4 206.1277 86.64 265.1418 6 6 − 3.2 83.1021 

32 19.828 Practolol 4883 C14H22N2O3 266.1636 92.59 311.162 3 4 0.8 94.1579 

33 20.094 Valdiate 129,715,809 C17H26O5 310.1746 57.69 309.1674 0 5 3.1 98.8875  
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Fig. 4. HRLC-MS +Ve (a), and -Ve (b) chromatogram of methanolic B. cereus crude extract.  
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from the Protein Data Bank (PDB) using its PDB ID: 5MY6. Ligands were 
selected from B. cereus crude extract results based on the HRLC-MS. 
Protein preparation involves deleting water molecules, ligands, and 
ions, assigning bond orders, adding hydrogen atoms, and checking 
amino acid protonation states. Grid setup was used to find optimal 
binding positions, and docking was performed using the LibDock algo-
rithm [31]. 

3.7. Cell line 

For the cytotoxicity studies, MCF-7 (Human breast cancer cell line) 
was purchased from the National Centre for Cell Science (NCCS), Pune. 
It was cultured in liquid medium (DMEM) supplemented with 10 % Fetal 
Bovine Serum (FBS), 100 ug/ml penicillin and 100 µg/ml streptomycin, 
and maintained under an atmosphere of 5 % CO2 at 37◦C. 

3.8. MTT assay 

Cytotoxicity studies on MCF-7 human breast cancer cell lines were 
purchased from NCCS, Pune. The culture using DMEM, FBS, penicillin, 
streptomycin, and a 5 % CO2 atmosphere at 37. C. The bacterial crude 
extract was tested for in vitro cytotoxicity using the MCF-7 cell line using 
an MTT assay. Cultured MCF-7 cells were plated in 96-well tissue culture 
plates and treated with different concentrations of the crude sample. The 
cells were incubated at 37 ◦C for 24 h, then treated with MTT (20 µl) for 
2–4 h until purple precipitates appeared. The medium and MTT were 
aspirated, and washed, and formazan crystals were dissolved [32]. The 
absorbance was measured at 570 nm, and the percentage cell viability 
and IC50 value were calculated using Graph Pad Prism 6.0 software. 

4. Results 

4.1. Identification of strain and phylogenetic tree construction 

The bacteria were obtained from the marine soil sediment from the 
Velar estuary. The isolate was initially identified as a Bacillus species 

because it was gram-positive, motile, rod-shaped, catalyze-positive, and 
aerobic bacterium (Fig. 1). The genomic DNA was amplified using 16S 
rRNA sequencing with 100 % similarity of the phylogenetic tree showed 
to B. cereus (Gen Bank Accession Number: OQ946984). The phyloge-
netic tree was further statistically validated by comparing pairwise ge-
netic diversity and Tajima’s neutrality test, as represented in 
Supplementary Tables S1 and S2. The sequence had a size of 1261 bp 
and was uploaded from the sequence we have constructed a phyloge-
netic tree using the Neighbor-Joining method to show related species 
[21]. In the bootstrap test, the percentage of replicate trees in which the 
associated taxa clustered together (1000 replicates) are shown above the 
branches [33]. This study included five nucleotide sequences. For each 
sequence pair, all ambiguous positions were removed (pairwise deletion 
option). There were a total of 1491 positions in the final dataset. The 
phylogenetic analysis was conducted using MEGA v11 [20]. 

4.2. FTIR analysis 

FTIR analysis of bacterial crude extract was carried out to reveal the 
functional groups present in the B. cereus crude. FTIR spectrum showed 
the major peaks at 3790.4 cm− 1 are responsible for the O–H stretching 
of alcohol. The broad peak at 3338.18 cm− 1 is responsible for the N–H 
stretching of aliphatic primary amine. The straight peaks 2401.91 cm− 1 

and 2348.87 cm− 1 are responsible for the O=C=O stretching of carbon 
dioxide. The remaining narrow peaks 2348.87, 2078.89, 1630.52, 
1530.24, 1402.96, 1273.75, and 1222.65 cm− 1 revealed the presence of 
other compounds such as Isothiocyanate, cyclic alkene, nitro compound, 
sulfonyl compound, aromatic compound and vinyl ether in low amounts 
(Table 1 and Fig. 2). 

5. Antioxidant activity 

5.1. Total antioxidant scavenging activity 

The total antioxidant scavenged by marine B. cereus extracts was 
found to increase with increasing concentration. Fig. 3a and 

Fig. 5. Construction of PPINs of ERBB2 signaling pathway. Note: Green circle: represents the genes involved in the ERBB2 signaling pathway; blue circle: indicates 
genes involved in other pathways. The network consists of 18 nodes and 82 edges. 
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Supplementary Table S3 show the standard deviation of various con-
centrations of 125, 250,500, and 1000 µg/ml. The IC50 values of total 
antioxidant radical scavenging activity of marine B. cereus extract for 
methanol was 28.33±1.01 and its IC50 values were closer to standard 
ascorbic acid 31.23±1.02. 

5.2. ABTS scavenging activity 

The ABTS scavenged by the marine B. cereus crude extract was found 
to increase with increasing concentration. Fig. 3b and Supplementary 
Table S4 show the standard deviation of various concentrations of 125, 
250,500, and 1000 µg/ml. The IC50 values of ABTS radical scavenging 
activity of marine B. cereus extracts for methanol were 29.00±0.28 and 
its IC50 values were closer to standard ascorbic acid 32.14±0.05. 

Table 4 
Interacting residues (Positive compounds).  

S. 
No 

Compound 
ID 

Compound name Hydrogen 
Bond 

Hydrophobic 

1 6,992,869 Isoleucyl-Glycine A:HIS188, 
A:ARG189, 
A:PRO218, 
A:TYR240, 
A:ASP241, 
A:ARG244 

A:ARG189, A: 
ARG244 

2 45,266,761 (S)− 2,3,4,5- 
Tetrahydropiperidine-2- 
carboxylate 

A:PRO218, 
A:TYR240, 
A:ASP241 

A:HIS188, A: 
LEU215, A: 
ARG244 

3 74,706 Indole-3-methyl acetate A:HIS188, 
A:ASP241 

A:ARG189, A: 
PRO218, A: 
ARG244 

4 134,820,391 (2S)− 2-{[1-(R)- 
Carboxyethyl]amino} 
pentanoate 

A:HIS188, 
A:ARG189, 
A:ASP241, 
A:ARG271 

A:PRO218, A: 
TYR240 

5 2,769,418 (2R,3R,4R)− 2-Amino-4- 
hydroxy‑3- 
methylpentanoic acid 

A:GLY216, 
A:TYR240, 
A:ASP241, 
A:ARG244 

A:PRO218, A: 
TYR240, A: 
ARG244 

6 10,419,304 N-Nitrosoproline A:HIS188, 
A:ARG189, 
A:GLY216 

A:LEU215, A: 
PRO218, A: 
ARG244 

7 76,223,581 L-2-Amino-3- 
methylenehexanoic acid 

A:GLY216, 
A:PRO218 

A:HIS188, A: 
PRO218, A: 
ARG244 

8 6826 Methyl N-methyl 
anthranilate 

A:ARG189, 
A:ASP241, 

A:LEU215, A: 
TYR240, A: 
TYR245, A: 
PRO248 

9 131,751,430 Feruloyl-2- 
hydroxyputrescine 

A:GLN54, 
A:ASN259, 
A:PHE291, 
A:ALA293, 
A:SER294 

– 

10 4162 Methyprylon A:ARG189, 
A:TYR240, 
A:ASP241 

A:HIS188, A: 
LEU215, A: 
PRO218, A: 
ARG244, A: 
PRO248 

11 15,800,938 L-alpha-Amino-1H- 
pyrrole-1- hexanoic acid 

A:HIS188, 
A:ASP241, 
A:ARG271 

A:PRO218, A: 
ARG244 

12 117,335 Glycerol 1-propanoate A:HIS188, 
A:ASP241, 
A:ARG271 

A:PRO218, A: 
ARG244 

13 6,428,782 (Z)− 2-Hexenal A:PRO218 A:HIS188, A: 
LEU215 

14 92,258 Alpha-N-Phenylacetyl-l- 
glutamine 

A:GLN57, 
A:ARG103, 
A:CYS255, 
A:ASN259, 
A:GLY292, 
A:SER294 

– 

15 162,180 Demethylcitalopram A:ASN259, 
A:GLY292 

A:VAL55, A: 
ALA293 

16 4940 Propiomazine A:ARG189, 
A:ASP217, 
A:TYR240, 
A:ASP241 

A:ARG189, A: 
LEU191, A: 
PRO218, A: 
TYR240, A: 
ARG244, A: 
TYR245, A: 
PRO248 

17 89,961 2,5-Dimethyloxazole A:TYR240, 
A:ASP241 

A:HIS188, A: 
PRO218, A: 
TYR240, A: 
ARG244, A: 
TYR245 

18 21,157 Buthionine sulfoximine A:GLN57, 
A:PHE291, 
A:GLY292 

–  

Table 4 (continued ) 

S. 
No 

Compound 
ID 

Compound name Hydrogen 
Bond 

Hydrophobic 

19 652 7,8-Diaminononanoate A:ARG189, 
A:GLY216, 
A:ASP241 

A:HIS188, A: 
ARG189, A: 
PRO218, A: 
TYR240, A: 
ARG244 

20 193,508 Phenylalanyl-Serine A:ARG189, 
A:GLY216, 
A:PRO218, 
A:ASP241, 
A:ARG244 

A:ARG189, A: 
ARG244 

21 131,751,461 N5-(4- Methoxybenzyl) 
glutamine 

A:LEU313, 
A:GLU321, 
A:TYR343, 
A:THR407 

A:VAL341, A: 
PHE371 

22 441,124 Guanidinoproclavaminic 
acid 

A:LEU313, 
A:PRO316, 
A:GLN320, 
A:GLU321, 
A:TYR343 

– 

23 131,752,911 9-Hydroxy-7- 
megastigmen-3- one 
glucoside 

A:GLY216, 
A:PRO218, 
A:TYR240, 
A:ASP241 

A:ARG244, A: 
PRO248 

24 46,093 Miotine A:ARG189, 
A:GLY216, 
A:PRO248 

A:ARG189, A: 
LEU191, A: 
PRO218, A: 
ARG244 

25 25,447 Coformycin A:GLU79, 
A:ARG103, 
A:ASN259, 
A:ALA293 

– 

26 135,438,593 Miraxanthin-III A:ASP192, 
A:GLY216, 
A:PRO218, 
A:TYR240, 
A:ARG244 

A:LEU191 

27 5,284,517 Fortimicin A A:HIS188, 
A:ARG189, 
A:GLY216, 
A:ASP217, 
A:PRO218, 
A:ASP241, 
A:ARG244 

A:HIS188, A: 
ARG189, A: 
LEU215, A: 
ARG244 

28 347,468 Sorbitan laurate A:GLN24, 
A:ASN259, 
A:SER261, 
A:SER294, 
A:CYS295 

A:VAL55, A: 
ALA293 

29 439,454 N-Acetyl-b- 
glucosaminylamine 

A:ARG189, 
A:ASP217, 
A:PRO218, 
A:PHE239, 
A:TYR240, 
A:ASP241 

–  
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5.3. DPPH free radical scavenging assay 

DPPH free radical scavenging activity is to find out the antiradical 
efficiency. DPPH has an absorption band at 517 nm, which disappears 
upon reduction by an antioxidant, and the electrons become paired off 
and bleaching of the colour. Stoichiometry depends on the number of 
electrons taken up from compounds. The IC50 Value of marine B. cereus 
methanolic extract is 29.00±0.28 compared to standard ascorbic acid’s 
IC50 Value of 36.48±0.52. The scavenging activity values are depicted in 
Fig. 3c and Supplementary Table S5. 

5.4. High resolution-liquid chromatography mass spectrometry (HR- 
LCMS) 

The extracted B. cereus crude was analyzed using HR-LCMS to 
identify its chemical composition. The analysis identified 31 positive ion 
compounds with molecular weights ranging from 97 to 452 g/mol and 
33 negative ion compounds with molecular weights ranging from 105 to 
813 g/mol. The results were compared with known compounds identi-
fied are given (Tables 2, 3 and Fig. 4) [34]. 

5.5. Analysis of PPINs 

The PPINs consist of 18 genes, of which 10 are directly involved in 
the ERBB2 signalling pathway. The network consists of 18 nodes and 82 
edges, as represented in Supplementary Table S6, S7. Interestingly, we 
identified the top three hub genes that control an entire PPIN [35-41] in 
the biological and molecular mechanisms of the ERBB2 signalling 
pathway. Such genes are erbB-2, EGFR, and pro-epidermal growth factor 
(GRB2), as depicted in (Fig. 5; Supplementary Fig S1). The top-hit mo-
lecular function, biological process, and cellular components of the 
predicted network are represented in Supplementary Table S8–10. 
Based on the top-hit hub genes, molecular docking studies were 
performed. 

5.6. Molecular docking 

The three-dimensional structural features of target receptor HER2 
(PDB ID: 5MY6) and its secondary structural elements are depicted in 
Supplementary Fig S2. All the 64 compounds from the HRLC-MS posi-
tive and negative ion results were docked against the protein. LibDock 
module of BIOVIA Discovery studio v22.1.100 licensed version was used 
to carry out the docking process. The LibDock score of each compound is 
shown in (Tables 4 and 5). From these results, four compounds had a 
very high LibDock score. Two positive ion compounds N5-(4-Methox-
ybenzyl) glutamine (LibDock score = 120.116) and Guanidinoprocla-
vaminic acid (119.712) showed good binding affinity. Two negative ion 
compounds N2-Fructopyranosylarginine (LibDock score = 141.837) and 
Palmitoylglycerone phosphate (LibDock score = 149.489) have 
comparatively better binding affinity to the target protein than the 
negative ion compounds. Palmitoylglycerone phosphate had the highest 
LibDock score of 149.487. The molecular interaction of the compounds 
to the target protein was visualized using the BIOVIA Discovery studio 
v22.1.100 licensed version (Figs. 6 and 7). And residues involved in the 
docking of the compound are given in (Tables 4 and 5). The number of 

Table 5 
Interacting residues (Negative compounds).  

S. 
No 

Compound 
ID 

Compound name Hydrogen 
Bond 

Hydrophobic 

1 5,281,855 Ellagic acid A:ARG189, 
A:PRO218, 
A:ASP241, 
A:PRO248, 
A:ARG271 

A:ARG189, A: 
LEU191, A: 
ARG244 

2 3,084,972 4-Methylburimamide A:GLN78, A: 
GLU79, A: 
ASN259, A: 
ALA293 

A:VAL55 

3 194,053 N-Nitroethylenediamine A:ARG189, 
A:GLY216, 
A:ASP241, 
A:ARG271 

– 

4 3229 Enoxacin A:ARG189 – 
5 219,890 D‑erythro-d-galacto- 

octitol 
A:HIS188, A: 
ARG189, A: 
GLY216, A: 
ASP241, A: 
ARG244, A: 
ARG271 

– 

6 1,548,992 Metiamide A:GLN24, A: 
GLN57, A: 
GLU79, A: 
GLY292, A: 
ALA293 

A:VAL25, A: 
VAL55, A: 
PHE291, A: 
ALA293 

7 9046 Quinestrol A:ASN259 A:VAL55 
8 167,650 Palmitoylglycerone 

phosphate 
A:CYS315, 
A:PRO316, 
A:HIS318 

A:VAL314, A: 
CYS315, A: 
CYS338, A: 
VAL341, A: 
MET347, A: 
PHE371, A: 
ILE435 

9 156,778 Uplandicine A:GLN57, A: 
GLU79, A: 
ALA293, A: 
SER294 

A:VAL55, A: 
ALA293 

10 75,046,985 N2- 
Fructopyranosylarginine 

A:LEU313, 
A:PRO316, 
A:LEU317, 
A:HIS318, A: 
ASN319, A: 
GLU321, A: 
TYR343, A: 
GLU348 

A:VAL314, A: 
CYS315, A: 
PHE371 

11 5,281,753 Symlandine A:GLY216, 
A:ASP217, 
A:ARG244 

A:HIS188, A: 
ARG189, A: 
LEU19, A: 
PRO248 

12 22,266,650 Trihomomethionine A:GLY216, 
A:ASP217, 
A:TYR240, 
A:ASP241 

A:HIS188, A: 
ARG189, A: 
LEU191, A: 
ARG244 

13 4915 Procarbazine A:GLY216, 
A:ASP241 

A:ARG189, A: 
LEU191, A: 
ARG244 

14 656,665 Tropisetron A:HIS188, A: 
ARG189, A: 
ASP192, A: 
GLY216, A: 
ASP241, A: 
ARG271 

A:LEU191, A: 
ARG244 

15 92,112 Eburnamonine A:PRO248, 
A:ARG271 

A:LEU191, A: 
LEU215, A: 
PRO218, A: 
ARG244 

16 46,173,945 Actinamine A:GLN24, A: 
GLU79, A: 
PHE291, A: 
ALA293, A: 
SER294 

–  

Table 5 (continued ) 

S. 
No 

Compound 
ID 

Compound name Hydrogen 
Bond 

Hydrophobic 

17 4883 Practolol A:GLN24, A: 
GLU79, A: 
ALA293  

18 129,715,809 Valdiate A:SER294, 
A:GLN24, A: 
GLN54, A: 
GLN78 

A:VAL55,  
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hydrogen and hydrophobic interactions of top hit docked complex of 
both positive and negative charged compounds was represented in 
Supplementary Fig S3 and S4. The compound interacted with low 
binding energy and a few interactions of the positive and negative 
docked complex were depicted in Supplementary Fig S5 and S6. 

5.7. MTT assay 

The effectiveness of B. cereus extract in inhibiting MCF-7 cell lines at 
different concentrations (1.56, 3.12, 6.25, 12.5, 25, 50, 100, 200 μg/ml) 
results are shown in Supplementary Table S11. The concentration- 
dependent effect of the bacteria test solution (crude extract) on the MCF- 
7 cell line is further supported by the cytotoxicity results shown in 
Fig. 8A-D. These results demonstrate that the tested species, marine 
B. cereus extract, were highly potent against cancer cells, with an IC50 
value of 3.12 µg/ml (Fig. 8E). To determine cytotoxicity, a marine 
B. cereus was tested on the standard Vero cell line. The results are shown 
in Supplementary Table S12. Cytotoxicity of Bacteria test solution at 
low, moderately toxic, and high concentrations is demonstrated, with a 
CC50 value of 50 µg/ml. Marine B. cereus exhibits toxicity at high con-
centrations (Fig. 9). A high Therapeutic Index (TI) is crucial for a drug’s 
safety profile. Understanding the preliminary TI early is crucial, as it 
indicates the likelihood of successful drug development. Calculating 
therapeutic values for isolated marine bacteria B. cereus with drug-like 
properties is essential (Table 6) [42]. 

6. Discussion 

Cancer is still one of the most fatal diseases. Almost 60 % of anti-
cancer drugs in use are of natural origin [43]. In various studies, it was 
reported that marine microorganisms have been a novel source for 
synthesizing diverse secondary metabolites with potent pharmacolog-
ical activities [44-45]. They have certain advantages such as growing 
quickly, making the production of target substances easy to control, and 
being especially effective in large-scale production [45-46]. Breast 
cancer is a major threat to health among women worldwide. There is a 
need for a good biomarker to diagnose breast cancer in its early stage 
[47]. The amplification of HER2 has been reported in more than 15 – 30 
% of invasive breast cancer cases [48]. B. cereus, a gram-positive rod--
shaped bacteria reported to have various metabolites that have anti-
cancer activity. A strain of B. cereus SVSK2 isolated from Oreochromis 
mossambicus had IC50 of 300 µg/ml against an MCF-7 breast cancer cell 
line in an MTT assay [49]. And B. cereus from coastal wetland areas has 
high cellulolytic activity [50]. Based on this we have isolated B. cereus 
from the Velar estuary and investigated the properties of crude extract 
against the MCF-7 breast cancer cell line and in silico analysis against a 
particular breast cancer-associated receptor (HER2). 

In this study we have identified B. cereus through morphological 
characterization, a rod-shaped bacterium with a violet color in gram 
staining showing that the organism is gram-positive, 16S rRNA gene 
sequencing was used to confirm the bacteria. The mass-cultivated cul-
ture was used to prepare the crude extract. By decreasing the free rad-
icals and oxidative stress present in the body; antioxidants play a role in 

Fig. 6. Representation of 2D and 3D interaction view between N5-(4-Methoxybenzyl)glutamine (A), Guanidinoproclavaminic acid (B) against HER2 protein. Both 
compounds are positive ion compounds from the HRLC-MS analysis. 
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reducing the rate of abnormal cell division and decreasing mutagenesis 
[51]. Therefore, many antioxidant extracts show potent anticancer ac-
tivity. To check for anticancer activity, we did some antioxidant assays 
with the B. cereus crude extract. The most widely employed methods to 
do free radical scavenging were DPPH, ABTS, and total antioxidant 
assay. The polarizability of the methanol solvent extraction was closer to 
standard ascorbic acid for all the above scavenging activity. The present 
study reported that methanol extract of marine B. cereus crude extract 
has potent antioxidant activity. 

The presence of various compounds in the crude extract was iden-
tified through HRLC-MS. A total of 64 compounds were identified, 31 
positive ion compounds and 33 negative ion compounds. The molecular 
docking analysis was done for all these 64 compounds against the HER2 
protein. Of all the compounds 4 compounds had good interaction with 
the target proteins. N2- Fructopyranosylarginine had the LibDock score 
of 141.837 and Palmitoylglycerone phosphate had the LibDock score of 
149.487 were the negative ion compounds. In positive ion compounds, 
Guanidinoproclavaminic acid had a LibDock score of 119.712, and N5- 
(4-Methoxybenzyl) glutamine had a LibDock score of 120.116. The 
compound N2-Fructopyranosylarginine have 8 hydrogen bond in-
teractions with HER2 protein, the residues are A:LEU313, A:PRO316, A: 
LEU317, A:HIS318, A:ASN319, A:GLU321, A:TYR343, A:GLU348. Pal-
mitoylglycerone phosphate has 3 hydrogen bond interactions with the 
target protein, the residues are A:CYS315, A:PRO316, A:HIS318. Gua-
nidinoproclavaminic acid shares 5 hydrogen bonds and the residues are 
A:LEU313, A:PRO316, A:GLN320, A:GLU321, A:TYR343. N5-(4- 
Methoxybenzyl) glutamine also has 4 hydrogen bonds and the residues 
involved in that interaction are A:LEU313, A:GLU321, A:TYR343, A: 
THR407. 

The B. cereus crude extract caused toxicity in cancer cell lines and 
also in normal cell lines. However, the toxicity effect was found more on 
cancer cells than on normal cells. The bacteria were able to inhibit the 

proliferation of the cancer cell MCF-7 at low concentrations. However, 
they cause cytotoxicity to the normal Vero cells only at higher concen-
trations. In this regard, the therapeutic index is an important parameter 
as it includes anticancer activity and eventual toxicity to normal cells. 
This value is the ratio of the concentration of the extract at which 50 % 
of cytotoxicity occurred in a normal cell line to that of the test solution at 
which 50 % of cancer cell death occurred in cancer cell lines [52-53]. 
According to the American National Cancer Institute (NCI) recommen-
dations, the limit of activity for crude extracts is 50 % inhibition (IC50) 
of proliferation was less than 30 g/ml following a 24-hour exposure 
duration [54]. In the present study, IC50 values below this stringent 
point were noted with marine B. cereus against breast cancer. This spe-
cies can be considered for the development of anticancer drugs. 

Hence, in this study, marine B. cereus was tested for its anticancer 
activity. Human breast carcinoma cells (MCF-7), a normal cell line 
(VERO), a cell line, African Green Monkey kidney cell line were incu-
bated separately with different doses of the marine B. cereus crude ex-
tracts. After 24 h, cell viability was determined by the MTT assay [32]. 

The anti-cancer activity of marine B. cereus was studied first against 
Breast cancer on the MCF-7 cell line, and it was found to be potent, as 
evident by the low concentration of less than 3.12 µg/ml at which 50 % 
of cancer cell death occurred on MCF-7. The IC50 value was 3.12 µg/ml. 
The effect was concentration-dependent. The death rate of cancer cells 
increased with increasing concentrations of marine B. cereus test 
solutions. 

It was found that a marine B. cereus extract is more toxic to cancer 
cells than a normal cell line. In this regard, the "therapeutic index" is a 
beneficial component to consider when choosing samples for new 
therapeutics. If a drug has a therapeutic index value of 16 or greater, it is 
considered worthy of further testing [42]. 

Fig. 7. Representation of 2D and 3D interaction view between N5-(4- N2-Fructopyranosylarginine (A), Palmitoylglycerone phosphate (B) against HER2 protein. Both 
compounds are negative ion compounds from the HRLC-MS analysis. 
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Fig. 8. Cytotoxic effects of the marine B. cereus extract on MCF7 Cell line: (A) Untreated MCF7 Cell Line, (B) High toxicity, (C) Medium toxicity, (D) Low toxicity 
concentrations, and (E) IC50 value of marine B. cereus extract on MCF7 cell line cytotoxicity on the normal cell line. 
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7. Conclusion 

According to the results of the current study, bioactive metabolites 
isolated from B. cereus PSMS6 (OQ946984) exhibited in vitro anticancer 
activity against breast cancer (MCF-7) cells. Good LibDock scores were 
obtained against the targeted breast cancer protein HER2 in the in-silico 

analysis of the bioactive compounds. Palmitoylglycerone phosphate 
demonstrated the best docking score for HER2 out of all the compounds. 
As a result, further research should concentrate on examining the mo-
lecular mechanisms and functions of the compound to gain a better 
understanding of breast cancer control and the development of anti-
cancer drugs. 
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Fig. 9. Effect of marine B. cereus extract on the VERO cell line: (A) Untreated normal VERO cell line (B) Low concentration, (C) Medium concentration, (D) High 
concentration, and (E) Effect of marine B. cereus extracts at different concentrations on VERO cell line with CC50 values. 

Table 6 
IC50, CC50 and therapeutic values of marine B. cereus crude extract. Note: *CC50 
the concentration at which 50 % cells survive in normal, IC50 the concentration 
at which 50 % cell death occur treated.  

Organism MCF-7 Human Breast 
cancer cell line (IC50) 
(µ/ml) 

Normal VERO cell 
line (CC50) (µg/ 
ml) 

Therapeutic Index 
(CC50/ IC50) 
MCF7 

B. cereus 3.12 50 16  
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