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SUSCEPTIBILITY OF SOME PATHOGENIC MICROBES TO SOFT 

TISSUE EXTRACT OF THE MUD CLAM, Polymesoda expansa 

(BIVALVIA: CORBICULIDAE) 
ABSTRACT 

Antibiotic resistance of microbes has led to the search for potential sources of bioactive compounds with 

antimicrobial properties. The innate defense mechanisms of aquatic invertebrates against pathogenic organisms have 

made them prime candidates for extraction of microbicidal compounds. The mud clam (Polymesoda expansa) 

successfully thrives in an environment full of pathogenic microorganisms. An experiment on the antimicrobial 

activity of the clam was conducted to determine its potential as a source of antimicrobial compounds. Antimicrobial 

activity of various concentrations of the ethanolic crude extract (ECE) of P. expansa was tested against the bacteria 

Escherichia coli (gram-negative), Staphylococcus aureus (gram-positive), and the fungus Candida albicans using 

standard discs diffusion technique. The ECE showed 24-h activity on E. coli with inhibition zone (IZ) range of 27.65 

to 32.57 mm. Similar IZ range (28.73–32.08 mm) was observed in S. aureus test cultures, however the efficacy time 

of the ECE was only 7 h. C. albicans test cultures showed low activity of ECE with IZ range of 0.00 to 12.75 mm 

and efficacy time of 8 h. The study showed that P. expansa is a potential source of antimicrobial compounds. 

Identification, extraction, and purification of such compounds are recommended for future studies. 
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INTRODUCTION 

In recent years, various reports have shown the alarming rise in antibiotic resistance of different types of 

microbes1,2,3. This has led to the search of more antimicrobial substances from other natural sources including the 

aquatic environment4. Invertebrates, including bivalves, are known to survive in their hostile aquatic habitat 

surrounded by pathogenic organisms due to their well-adapted immune system5. They have antibody-like materials 

that serve as defense from disease-causing organisms6. Hence, they are considered potential sources of bioactive 

compounds against harmful microbes. 

There are about 7500 species of known bivalves in the aquatic environment7. These species are exposed to various 

types of pathogenic microbes, which also thrive in the same habitat
8,9

. Bivalves rely on their innate immune system 

to protect their body from such pathogens10. Therefore, bivalves are prime candidates for identification of novel 

metabolites with antimicrobial properties. 

Mud clams such as Polymesoda expansa are commonly found in the Southeast Asian mangroves, including the 

Philippines11,12. Mangrove ecosystem is a well-known habitat that harbors various pathogenic organisms13,14. Thus, 

P. expansa is present in an environment containing a rich source of microbes, and some may be pathogenic to 

certain animals. However, P. expansa successfully thrives in such condition, which suggests that this clam might 

have natural immunity to harmful microorganisms. This study investigates the antimicrobial activity of P. expansa 

to assess its potential as a source of bioactive compounds. 
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MATERIALS AND METHODS 

Preparation of ethanolic crude extract (ECE) 

Soft tissue samples were collected from the mangrove Nypa zone of Loay-Loboc River, Bohol, Philippines 

(9.60853°N, 124.01265°E). These tissue samples were brought to the Marine Biology Section laboratory of the 

University of San Carlos for the preparation of ECE. 

ECE was prepared by using 300 g of soft tissue samples soaked and macerated in 300 mL of laboratory grade 

ethanol. The mixture of macerated soft tissue and ethanol was stored at room temperature (30°C) for 24 h and was 

centrifuged at 15000 rpm for 10 min and the supernatant was filtered through Whatman® grade GF/C glass 

microfiber filter. Finally, the solvent was concentrated to a gummy dark-brown residue in a rotary evaporator. The 

ECE was stored at 4°C until usage for antimicrobial activity. 

Test microorganisms 

The pathogenic bacteria used for antibacterial assays were Staphylococcus aureus (gram-positive) and Escherichia 

coli (gram-negative). The yeast, Candida albicans, was used for antifungal assay.Bacterial and fungal strains were 

cultivated and maintained (37°C) in Nutrient Agar slants. After 24 h, the cultures were used for study. 

Antimicrobial activity 

The antimicrobial activity of the ECE was determined using the standard disc diffusion method15. Microbial 

inoculums were prepared by picking 3–5 distinct colonies from the bacterial and fungal cultures, which were then 

homogenized in 5-mL sterile saline solution (0.85%). The turbidity of the bacteria and fungus saline solution was 

visually adjusted to that produced by a 0.5 McFarland standard. Test plates were prepared using 20 mL of Mueller-

Hinton Agar medium for bacteria and Potato Dextrose Agar medium for fungus. Inoculations of pathogenic 

microbial strains were carried out by using sterile cotton swabs dipped in the prepared bacteria and fungus saline 

solution and swabbed several times on the surfaces of petri plates. Different concentrations of the ECE were applied 

(30 µL) to 6-mm sterile discs, allowed to dry at room temperature and placed on the top of each test plates seeded 

with pathogenic microbial strains. A range-finding test was conducted prior to the actual experiment to establish the 

concentrations of the crude extract (per 1 mL ethanol) used in the study. Three concentrations (500, 1000, 1500 

mg.mL−1) together with negative (ethanol) and positive (50 mg.mL−1 ethanol of Tetracycline® for bacteria and 

Ketoconazole® for fungus) controls were used in the definitive test. Antimicrobial activity of the ECE of P. expansa 

was assessed by determining the susceptibility of the pathogenic microorganisms. Diameters of the inhibition zones 

(IZ) were measured in millimeters. Efficacy time was determined by observing the test plates on an hourly basis for 

24 h. The antimicrobial activity assays were triplicated. 

Statistical treatment 

A model I one-way analysis of variance with replications was used to determine the effects of various ECE 

concentrations on the susceptibility of the pathogenic microorganisms. Tukey’s honestly significant difference test 

was used as post hoc test. The significance level was set at 95% (p = 0.05). 

RESULTS AND DISCUSSION 

The antibacterial activity of P. expansa’s ECE on E. coli test cultures ranges from 27.65 to 32.57 mm mean IZ 

diameter (Fig. 1). No activity was observed on the pure ethanol discs (negative control). Tetracycline® discs 

(positive control) showed 30.92 mm mean IZ diameter. The mean IZ diameters of 1000 and 1500 mg·mL
−1
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concentrations and Tetracycline® discs were statistically similar (p> 0.05), but showed significantly higher activity 

(p< 0.05) among all other treatments. No proliferation on the IZ of the E. coli test cultures was observed after 24 h 

of incubation. 

E. coli is an indicator organism for water quality16. Studies have reported the proliferation and survival of E. coli in 

estuarine waters17,18,19, suggesting that populations of these pathogenic bacteria are naturally occurring in such 

environment. Exposure to such condition may be fatal for other organisms but bivalves appeared to naturally coexist 

with such microbes8. This implies that bivalves have developed immunity against E. coli. This study confirmed such 

immunity by showing optimum antimicrobial activity of P. expansa extract against the tested pathogen. Similar 

results were reported in other bivalves such as Lamellidens marginalis, Meretrix casta, M. meretrix, and Tridacna 

maxima20,21,22. 

The mean IZ (Fig. 2) revealed that increasing concentrations of ECE on S. aureus strain ranged from 28.73–32.08 

mm diameter. The pure ethanol discs did not show any activity while Tetracycline
®
 discs recorded a 27.70 mm 

mean IZ diameter. Significantly high (p< 0.05) activity was observed with 1500 mg.mL−1 concentration. It was 

noticed that S. aureus started to proliferate on the IZ after seven hours of observation. After 24 h, the IZs were still 

distinct but were already masked with S. aureus. 

Moderate antimicrobial activity of P. expansa extract was observed against S. aureus. Although IZ was similar 

between E. coli and S. aureus test cultures, the efficacy time of the ECE against the latter was shortened. The 

bacterium S. aureus is a pathogen commonly occurring in the nasal tract of humans and other animals23. Yoshpe-

Purer and Golderman24 reported low occurrence (4.3%–8.1% of water samples) of S. aureus in coastal and estuarine 

waters and believed that it was just introduced through anthropogenic activities. In addition, Fujioka and Unutoa25 

observed that S. aureus will not proliferate in estuarine and seawater under normal environmental conditions. It 

appeared that S. aureus is not a common bacterium found in estuarine environment. Bivalves in this ecosystem may 

not have fully developed immunity for such bacterium. Similar to P. expansa, extracts from other estuarine bivalves 

such as Villorita cyprinoides, Perna viridis, and Crassostrea madrasensis showed low to moderate antibacterial 

activity against S. aureus26,27. 

The antifungal activity of the ECE of P. expansa against C. albicans test cultures recorded mean IZ ranges of 0.00 to 

12.75 mm diameter (Fig. 3). Similar with bacteria, no activity was observed with the ethanol discs. However, 

highest mean IZ (23.45 mm) was observed in the Ketoconazole® discs. The mean IZ of the Ketoconazole® discs was 

significantly higher among all treatments. It’s noteworthy to mention that among the ECE concentrations, the 1500 

mg.L-1 concentration recorded significantly high mean IZ. The efficacy of the ECE against the yeast lasted for eight 

hours beyond which proliferation of C. albicans was observed in the IZ. 

The ECE of P. expansa showed low antimicrobial activity against the yeast, C. albicans. This yeast was reported to 

survive in tropical marine and fresh waters28. However, this dimorphic fungus exists as a commensal of warm-

blooded animals including humans29. Bivalves are cold-blooded aquatic invertebrates. The host specificity of C. 

albicans may explain the low activity of the ECE of P. expansa against this microbe. Similar IZ results for C. 

albicans were reported in bivalve extracts of P. viridis, M. casta and M. meretrix22,30. 

Like other estuarine bivalves, P. expansa is exposed in an environment in which high concentrations of various 

pathogenic microorganisms exist. For this reason, the immune system of this filter-feeding mud clam should be 

based on nonspecific, rapid cellular and humoral responses. Various reports have demonstrated the important roles 

of defensins and cysteine-rich peptides in the immune defense system of different bivalves, including members of 

genus Polymesoda26,31. These peptides were reported to have microbicidal activity against bacteria and fungi32. 
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CONCLUSION 

The use of commercial antibiotics is effective in eliminating pathogenic microbes involved in several infections. 

However, the growing resistance to antibiotics by microbes poses a threat to humanity. The ECE of P. expansa 

showed antimicrobial activity, hence, a potential source of antimicrobial products. It is worth mentioning that 

products obtained from natural sources are good for the health and devoid of side effects. However, the use of the 

ECE of P. expansa as a drug source still needs further investigation. Other pathogenic microorganisms should be 

used for further analysis of its antimicrobial properties. Future researches should also focus on the extraction, 

identification and purification of the bioactive compounds on the ECE of P. expansa. 
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Figure 1. Antibacterial activity of the ECE of P. expansa on E. coli test cultures. 
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Figure 2. Antibacterial activity of the ECE of P. expansa on S. aureus test cultures. 

 

 

 
Figure 3. Antifungal activity of the ECE of P. expansa on C. albicans test cultures. 

 

0.00
2.00
4.00
6.00
8.00

10.00
12.00
14.00
16.00
18.00
20.00
22.00
24.00
26.00
28.00
30.00
32.00
34.00

Ethanol Tetracycline 500 mg 1000 mg 1500 mg

M
e
a

n
 z

o
n

e
 o

f 
in

h
ib

it
io

n
 (

m
m

) 
w

it
h

 ±
S

D

Treatments

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

20.00

22.00

24.00

26.00

28.00

Ethanol Ketoconazole 500 mg 1000 mg 1500 mg

M
e
a
n

 z
o
n

e
 o

f 
in

h
ib

it
io

n
 (

m
m

) 
w

it
h

 ±
S

D

Treatments



ISSN-2319-2119 

 RESEARCH ARTICLE 
                    

                       Francis Albert T. Argente
 et al, The Experiment, 2015.,Vol. 30(2), 1984-1990 

 
 
 
 
 
 
 
 
 

                                                www.experimentjournal.com                                                   1989 

REFERENCES 

1. Alanis AJ. Resistance to antibiotics: Are we in the post-antibiotic era? Arch Med Res 2005; 36: 697–705. 

2. Chidenum IE. Microbial resistance to antibiotics. Afr J Biotechnol 2005; 4(13): 1606–1611. 

3. Sengupta S, Chattopadhyay MK. Antibiotic resistance of bacteria: A global challenge. Resonance 2012; 17(2): 

177–191. 

4. Kemper N. Veterinary antibiotics in the aquatic and terrestrial environment. Ecol Indic 2008; 8: 1–13. 

5. Mydlarz LD, Jones LE, Harvell CD. Innate immunity, environmental drivers, and disease ecology of marine 

and freshwater invertebrates. Annu Rev Ecol Evol Syst 2006; 37: 251–288. 

6. Phillips JH. Antibodylike materials of marine invertebrates. Ann NY Acad Sci 1960; 90: 760–769. 

7. Gosling E. Bivalve molluscs: Biology, ecology and culture. Oxford: Fishing News Books–Blackwell Publishing 

Ltd; 2003. 

8. Canesi L, Pruzzo C, Tarsi R, Gallo G. Surface interaction between Escherichia coli andhemocytes of the 

Mediterranean mussel Mytilus galloprovincialis Lam. Leading to efficient bacterial clearance. Appl Environ 

Microbiol 2001; 67(1): 464–468. 

9. Vital M, Stucki D, Egli T, Hammes F. Evaluating the growth potential of pathogenic bacteria in water. Appl 

Environ Microbiol 2010; 76(19): 6477–6484. 

10. Giron-Perez MI. Relationship between innate immunity in bivalve molluscs and environmental pollution. 

Invertebrate Surviv J 2010; 7(2): 149–156. 

11. Morton B. A review of Polymesoda (Geloina) Gray 1842 (Bivalvia: Corbiculacea) from Indo-Pacific 

mangroves. Asian Mar Biol 1984; 1: 77–86. 

12. Argente FAT, Cesar SA, Dy DT. High turbidity affects filtration rate and pseudofaeces production of the mud 

clam Polymesoda erosa (Solander 1786) (Bivalvia: Corbiculidae). Biotropia 2014; 21(2): 71-81. 

13. Ukoima HN, Wemedo SA, Ekpirikpo, AO. Survey of bacterial pathogens on leaves and seeds of red mangrove 

(Rhizophora mangle). Afr J Environ Sci Technol 2009; 3(5): 116–119. 

14. Grisi TCSL, Gorlach-Lira K. The abundance of some pathogenic bacteria in mangrove habitats of Paraiba del 

Norte Estuary and crabmeat contamination of mangrove crab Ucides cordatus. Braz Arch Biol Technol 2010; 

53(1): 227–234. 

15. Bauer AW, Kirby WMM, Sherris JC, Turck M. Antibiotic susceptibility testing by a standardized single disk 

method. Am J Clin Pathol 1966; 45(4): 493–496. 

16. McDaniel RL, Soupir ML, Tuttle RB,Cervantes, AE. Release, dispersion and resuspension of Escherichia coli 

from direct fecal deposits under controlled flows. J Am Water Resour As 2013; 49(2): 319–327. 

17. Faust MA, Aotaky AE, Hargadon, MT. Effects of physical parameters on the in situ survival of Escherichia coli 

MC-6 in an estuarine environment. Appl Microbiol 1975; 30(5): 800–806. 

18. Flint KP. The long-term survival of Escherichia coli in river water. J Appl Bacteriol 1987; 63: 261–270. 

19. Alam MW, Zafar M. Spatial and temporal variation of Escherichia coli in water and soil with relation to water 

parameters at the estuary of Karnafuly River, Bangladesh. J Bacteriol Res 2013; 5(1): 1–8. 

20. Sukumaran RMV, Ayyavoo, M. Potential antibacterial activity of marine bivalves Meretrix casta and Tridacna 

maxima from south east coast of India Adv Biores 2010; 1(1): 92–96. 

21. Estari M, Satyanarayana J, Kumar BS, Bikshapathi T, Reddy AS, Venkanna L. 2011. In vitro study of 

antimicrobial activity of freshwater mussel (Lamellidens marginalis) extracts. Biol Med 2011; 3(2): 191–195. 

22. Sugesh S, Mayavu P. Antimicrobial activities of two edible bivalves M. meretrix and M. casta. Pak J Biol Sci 

2013; 16(1): 38–43. 

 



ISSN-2319-2119 

 RESEARCH ARTICLE 
                    

                       Francis Albert T. Argente
 et al, The Experiment, 2015.,Vol. 30(2), 1984-1990 

 
 
 
 
 
 
 
 
 

                                                www.experimentjournal.com                                                   1990 

23. Harris LG, Foster SJ, Richards RG. An introduction to Staphylococcus aureus, and techniques for identifying 

and quantifying S. aureus adhesins in relation to adhesion to biomaterials: Review Eur Cells Mater 2002; 4: 39–

60. 

24. Yoshpe-Purer Y, Golderman S. Occurrence of Staphylococcus aureus and Pseudomonas aeruginosa in Israeli 

coastal water. Appl Environ Microbiol 1987; 53(5): 1138–1141. 

25. Fujioka RS, Unutoa TM. Comparative stability and growth requirements of S. aureus and faecal indicator 

bacteria in seawater. Water Sci Technol 2006; 54(3): 169–175. 

26. Sharma S, Chatterji A, Partha, D. Effect of different extraction procedures on antimicrobial activity of marine 

bivalves: a comparison. Pertanika J Trop Agric Sci 2009; 32(1): 77–83. 

27. Annamalai N, Anburaj R, Jayalakshmi S, Thavasi R. Antibacterial activities of green mussel (Perna viridis) and 

edible oyster (Crassostrea madrasensis). Res J Microbiol 2007; 2(12): 978–982. 

28. Valdes-Collazo L, Schultz AJ, Hazen TC. Survival of Candida albicans in tropical marine and fresh waters. 

Appl Environ Microbiol 1987; 53(8): 1762–1767. 

29. Molero G, Diez-Orejas R, Navarro-Garcia F, Monteoliva L, Pla J, Gil C, et al. Candida albicans: genetics, 

dimorphism and pathogenicity. Int Microbiol 1998; 1: 95-106. 

30. Chandran B, Rameshkumar G, Ravichandran S. Antimicrobial activity from the gill extraction of Perna viridis 

(Linnaeus, 1758). Global J BiotechnolBiochem 2009; 4(2): 88-92. 

31. Diaz GA. Defensins and cysteine rich peptides: Two types of antimicrobial peptides in marine molluscs. 

Invertebrate Surviv J 2010; 7: 157–164. 

32. Hoover DM, Wu Z, Tucker K, Lu W, Lubkowski J. Antimicrobial characterization of human β-Defensin 3 

derivatives. Antimicrob Agents Chemother 2003; 47(9): 2804–2809. 

 

 

 

Francis Albert T. Argente
*1,2

 and Anthony S. Ilano
2
 

 
1 Department of Fisheries Science, Pangasinan State University, Binmaley Campus, San Isidro Norte, Binmaley, 

Pangasinan, Philippines 2417 

 
2 Department of Biology, University of San Carlos, Talamban Campus, Cebu City, Philippines 6000 

 

 


