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ABSTRACT 

 

 
Background and Objectives: Endophytic fungi are believed to possess compounds as antibacterial agents. This study was 

designed to determine in vivo antibacterial activity of the crude extracts from Lasiodiplodia pseudotheobromae IBRL OS-64 

against pathogenic bacteria. 

Materials and Methods: The qualitative and quantitative screenings were performed using agar plug and disk diffusion 

antimicrobial tests, respectively. Besides that, the MIC and MBC value of the extracts were determined using broth microdi- 

lution assay and morphological changes of the bacterial cells exposed to the extract were observed under Scanning Electron 

Microscope (SEM). 

Results: Agar plug diffusion assay revealed that V. parahaemolyticus ATCC 17802 and Exiguobacterium profundum IBRL 

MA6 were the most sensitive to the extract with the size of inhibition zones of 11 to ≤ 20 mm. The MIC and MBC values of 

the extract varied depending on the test bacteria. Observation through SEM revealed that the bacterial cells exposed to the 

extract experienced severe damage such as irregular shape with crumpled and shrunken cells which led to cell death. 

Conclusion: The data suggest that the crude extracts of L. pseudotheobromae IBRL OS-64 exert antibacterial activity against 

test bacteria and principally affect the cell wall in growing pathogenic bacterial cells. 
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INTRODUCTION 

 
Aquaculture is playing a vital role in developing 

countries, especially for national economic develop- 

ment as well as global food supply (1). However, the 

emergence of infectious diseases has been triggered 

by stress factors due to a lack of optimal environ- 

mental and nutritional conditions (2) and attributed 

to the major obstruction to growth in the aquaculture 

industry that causes severe economic loss (3). Virus- 

es, fungi, bacteria, and parasitic invasions are fre- 

quent microorganisms that cause infectious aquacul- 

ture diseases. However, diseases of bacterial origin 

could be considered the most significant problem in 

the aquaculture industry (4). The genus of Vibrio are 

natural marine inhabitants that play important roles 

in nutrient cycling as well as the formation of asso- 

ciation with zooplankton and intensive aquaculture 

systems are the best selective medium for bacterial 

virulence such as traits that enhance infectivity and 

transmission (5). 

Vibrio  species  are  Gram-negative  bacilli,  halo- 

philic bacteria rod-shaped that are closely related to 

Enterobacteriaceae, and they exhibit rapid motility 
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with a single polar flagellum and are distributed in 

surface waters worldwide with estuarine and coastal 

areas are their natural habitat (6). Luminous vibriosis 

is a shrimp disease due to bacterial infection caused 

by Vibrio species that leads to major economic losses 

in the shrimp industry as a result of massive shrimp 

kills (7). Besides that, vibriosis has resulted in se- 

vere economic losses to aquaculture worldwide and 

affects many farm-raised shrimps, Artemia, fishes, 

and crustaceans. V. alginolyticus, V. anguillarum, V. 

harveyi, and V. parahaemolyticus are the major spe- 

cies causing vibriosis in shrimp aquaculture which 

leads to high mortality. According to Jones and Ol- 

iver (8), consumption of seafood infected by Vibrio 

spp. could cause severe and fulminant systemic in- 

fection in humans including nausea, fever, hypoten- 

sive septic shock, chills, the formation of lesions on 

the extremities patients, and septicemia. The vib- 

riosis and its infection of humans are getting worse 

due to the emergence of multi-drug resistant strains. 

Multiple antibiotic resistance patterns of vibrio from 

luminous vibriosis affect cultured tiger shrimp have 

been reported in Andhra Pradesh, India. They re- 

vealed the occurrence of highly virulent strains of 

vibrio in shrimp culture ponds, which developed 

resistance to many antibiotics such as chloram- 

phenicol, cephazolin, metronidazole, nitrofurazone, 

and penicillin G due to the indiscriminate usage of 

antibiotics. Thus, a new source of antibiotic agents 

should be explored to overcome this problem. 

Endophytic fungi are the most promising source of 

bioactive compounds that can be used for the treat- 

ment of numerous diseases. Endophytic fungi are a 

diverse group of fungi that are symbiotically associ- 

ated with plants, and they are ubiquitous and can be 

found within all known plant species. For instance, 

Chatterjee  (9)  reported  that  an  efficient bioactive 

compound with bactericidal potential exhibited by 

endophytic fungal strain, Alternaria alternata AE1 

was previously isolated from leaves of Azadirachta 

indica. Therefore, the study was focused on the en- 

dophytic fungus, L. pseudotheobromae which was 

previously isolated from the medicinal herb, Ocimum 

sanctum leaves due to its promising antimicrobial 

activity. L. pseudotheobromae is known as a com- 

mon fungal pathogen that causes several diseases on 

a large number of host plants such as stem canker 

of Chinese hackberry, dieback of Mango (10), and 

stem-end rot of coconut (11). However, it has been 

recently known as an endophytic fungus that resides 

in various parts of host plants and exhibits several 

pharmaceutical properties including antibacterial 

(12) and anticancer activities. In general, the study 

of antimicrobial activity of L. pseudotheobromae is 

very scarce and thus the present study was designed 

to investigate the effect of crude extracts of endo- 

phytic fungus, L. pseudotheobromae IBRL OS-64 

against bacteria-related disease in aquaculture. 
 

 
 
MATERIALS AND METHODS 

 
Endophytic fungus and cultural maintenance. 

An endophytic fungus, L. pseudotheobromae IBRL 

OS-64 that was previously isolated from the leaf of O. 

sanctum was provided from the Industrial Biotech- 

nology Research Laboratory (IBRL) Culture Collec- 

tion, School of Biological Sciences, Universiti Sains 

Malaysia, Penang, Malaysia (13). The fungal isolate 

was cultured on potato dextrose agar (PDA) supple- 

mented with powdered host plant (2 g/L) and incubat- 

ed at 30°C for 7 days. All the cultures were stored at 

4°C until further use. To maintain culture purity and 

viability, subculturing was done once a month. 

 
Test bacteria  and  inoculum  preparation.  Five 

pathogenic bacteria in aquaculture including V. 

parahaemolyticus ATCC 17802, V. alginolyticus 

CCB-PB317, V. owensii CCB-PG2, V. azureus CCB- 

ST2H16, and E. profundum IBRL MA6 were used as 

test microorganisms in the study and obtained from 

the IBRL Culture Collection. The bacterial cultures 

were grown on marine agar, cultivated at 28°C for 

24-h and the cultures were stored at 4°C until fur- 

ther use. The bacterial inoculum was prepared by 

transferring 3-4 single colonies into 5.0 mL of sterile 

physiological saline and mixing well using a vortex. 

The inoculum was compared with 0.5 McFarland 

standards to obtain cell suspensions of approximately 

1 × 108 CFU/mL (13). 

 
Fungal cultivation and extraction. Yeast extract 

sucrose (YES) broth was prepared by adding yeast 

extract, 20 g/L; sucrose, 40 g/L; magnesium sulfate, 

0.5 g/L into a 2L beaker containing 1000 mL of host 

plant water extract. Before that, host plant water ex- 

tract was prepared by boiling 2.0 g fine powdered O. 

sanctum leaves material (host plant) in 1000 mL dis- 

tilled water and filtered with Muslin cloth, followed 

by Whatman No. 1 filter paper. Two actively growing 
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pure mycelial agar plugs were then inoculated into a 

250 mL Erlenmeyer flask containing 100 mL of YES 

broth and incubated at 30°C for 16 days under dark 

and static conditions. After the cultivation period, the 

cultures were filtrated using Whatman No. 1 filter pa- 

per and the separated fungal biomass and fermenta- 

tive broth were extracted thrice with an equal volume 

of ethyl acetate extract and methanol (1:1; v/v). Both 

extracts were concentrated under reduced pressure to 

dryness by a rotary evaporator and dried in a fume 

hood to obtain a dried crude paste (13). 

 
Agar plug diffusion assay. Primary screening was 

performed through the agar plug diffusion assay ac- 

cording to the procedures described by Taufiq and 

Darah (13). The agar plugs of the endophytic fungus 

were cut into 10 mm diameter and 4 mm thickness 

using a cork borer and then placed on the marine agar 

(MA) that was previously seeded with test bacteria. 

Prior to that, the endophytic fungus was grown on po- 

tato dextrose agar (PDA) supplemented with the host 

plant and incubated at 30°C for 20 days. The plates 

were initially kept in the chiller (4°C) overnight to al- 

low diffusion of bioactive compounds into the agar 

and then incubated at 28°C for 24 hours. PDA sup- 

plemented with host plant and impregnated with 30 

µg per plug chloramphenicol were set as negative and 

positive controls, respectively. The diameter of the 

inhibition zone formed surrounding agar plugs was 

measured and recorded after the incubation period. 

The experiment was performed in triplicates. 

 

Disk diffusion assay. Disk diffusion assay was per- 

formed according to methods described by the Clin- 

ical and Laboratory Standards Institute (CLSI) stan- 

dard M2-A9 (13). The antibiotic discs impregnated 

with fungal extract (1 mg per disc) were placed on the 

marine agar (MA) seeded with test bacteria and the 

plates were incubated at 28°C for 24 hours. One per- 

cent of DMSO was included to detect the solvent ef- 

fects (negative control) whereas chloramphenicol (30 

µg per disc) was used as a positive control. After the 

incubation period, the diameter of inhibition zones 

assay in a sterile 96-wells, U-shaped microtiter plate 

using procedures described by Clinical and Laborato- 

ry Standards Institute (CLSI) standard M26-A. Both 

assays were performed according to procedures de- 

scribed by Taufiq and Darah (13). The MIC value was 

determined and recorded as the lowest concentration 

of the ethyl acetate crude extract that was capable to 

inhibit the visible growth of test microorganisms after 

the incubation period. Meanwhile, the lowest concen- 

tration that was able to kill up to 99.9% of bacterial 

cells was reported as the MBC value. 

 
Time-kill assay. The efficacy of extract against test 

bacteria was determined through a time-kill assay. A 

total of 50 mL of Erlenmeyer flask containing 9.9 mL 

of marine broth (8.9 mL) and extract (1.0 mL) were 

prepared with a final concentration of ½ × MIC, MIC, 

and 2 × MIC. A volume of 0.1 mL bacterial inocu- 

lums with a concentration of 1 × 108  CFU/mL was 

added, and the flasks were incubated at 28°C in a ro- 

tary shaker (150 rpm) for 48 hours. A volume of 1.0 

mL of the mixture was withdrawn every 4 h intervals 

and the colony-forming per unit (CFU) on the spread 

plate was counted and the result was recorded. 

 
Brine shrimp lethality assay (BSLA). Brine 

shrimp eggs were provided by the Industrial Bio- 

technology Research Laboratory, School of Biologi- 

cal Sciences, Universiti Sains Malaysia, Penang. An 

amount of 0.1g brine shrimp eggs (Artemia salina 

cysts) were allowed to hatch in artificial seawater for 

48 h at 25°C under constant aeration and illumination 

(14). Prior to that, stock solutions (1000 mg/mL) were 

prepared and diluted serially to obtain six final con- 

centrations ranging from 625 to 10000 µg/mL. Ten 

48-h old nauplii were transferred into each universal 

bottle containing serially diluted test solutions with 

the aid of a Pasteur pipette. The test was carried out in 

triplicate. For negative control, ten nauplii were trans- 

ferred into a universal bottle containing artificial sea- 

water without the fungal extract. The number of dead 

larvae and the percentage of mortality was counted 

and calculated after the 24 h incubation, respectively. 

surrounding the discs was measured and recorded. The LC value and the standard error mean were cal- 

The experiment was carried out in triplicate. 

 
Determination of minimum inhibitory concen- 

tration (MIC) and minimum bactericidal con- 

centration (MBC). The MIC and MBC values of 

the extract were determined by broth microdilution 

culated using a non-linear regression curve contained 

in the Graph pad prism statistical software. 

 
Scanning electron microscopy (SEM). The de- 

structive changes of bacterial cells were observed 

under the SEM. A volume of 9.9 mL of a mixture 
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(containing 8.9 mL marine broth and 1.0 mL extract 

with a concentration of MIC) was prepared in 50 mL 

Erlenmeyer flasks and 0.1 mL of bacterial inoculums 

(1 × 108  CFU/mL) were then added. The flasks were 

incubated at 28°C in an orbital shaker (150 rpm) for 

48 hours. The SEM samples were prepared according 

to procedures described by Mares (15) and the pre- 

pared samples were then viewed under an SEM (Lei- 

ca Cambridge, S-360, United Kingdom). 

 
Statistical analysis. The triplicate data obtained 

were subjected to an analysis of a completely random- 

ized design using SPSS software version 12.0 (Chica- 

go, IL, USA), and p ≤ 0.05 was considered to indicate 

statistical significance. 
 

 
 

RESULTS 

 
Primary screening for antibacterial activity. The 

endophytic fungus, L. pseudotheobromae IBRL OS- 

64, was qualitatively screened on agar plug diffusion 

assay to excess the existing antibacterial activity 

against pathogenic bacteria in aquaculture (Table 1). 

The results revealed that the endophytic fungus ex- 

hibited antibacterial activity against all test bacteria. 

E. profundum IBRL MA6 was the most susceptible 

tested bacteria towards the endophyte with the size 

of inhibition zones of 15 mm. Besides that, the oth- 

er two bacteria V. owensii CCB-PG2 and V. azureus 

CCB-ST2H16 were least susceptible to the fungal 

endophyte isolate since the inhibition diameter of the 

inhibition zone was less than 10 mm. 

 

Quantitative antibacterial activity on disk diffu- 

sion assay. The antibacterial activity of L. pseudo- 

theobromae IBRL OS-64 extracts was quantitatively 

determined using disk diffusion assay and the results 

are shown in Table 2. Generally, the ethyl acetate ex- 

tract that was previously extracted from the fermenta- 

tive broth (extracellular) showed better antibacterial 

activity against pathogenic bacteria in aquaculture 

compared to methanolic extract that was prepared 

from the fungal biomass (intracellular). The results 

exhibited that ethyl acetate extract exerted antibacteri- 

al activity against all five test bacteria with the size of 

the inhibition zone ranging between 9.2 ± 0.4 to 15.4 

± 0.6 mm. On the other hand, the methanolic extract 

exhibited antibacterial activity towards only the two 

test bacteria (V. parahaemolyticus ATCC 17802 and 

E. profundum IBRL MA6) with the diameter of inhi- 

bition zone ranging between 8.2 ± 0.8 to 12.2 ± 0.6 

mm. The present finding revealed that the antibacterial 

substances were not only associated with fungal bio- 

mass but released extracellularly into the fermentative 

broth. 

 
Determination of MIC and MBC. Table 3 shows 

MIC and MBC values of ethyl acetate and methanolic 

extracts of L. pseudotheobromae IBRL OS-64 against 

test bacteria. The results exhibited that the MIC and 

MBC values of the ethyl acetate extract ranged be- 

tween 125-1000 µg/mL and 125-8000 µg/mL, respec- 

tively. As for methanolic extract, the MIC and MBC 

values ranged between 250-500 µg/mL and 250-2000 

µg/mL, respectively. Ethyl acetate extract exhibited 

antibacterial activity against all five test bacteria with 

E. profundum IBRL MA6 was the most susceptible 

to the extract with the same value of MIC and MBC 

which was 125 µg/mL. Meanwhile, V. azureus CCB- 

ST2H16 was the least susceptible to the extract with 

the MIC and MBC values of 1000 µg/mL and 8000 

µg/mL, respectively. However, the methanolic extract 

was able to inhibit only two test bacteria. The MIC 

and MBC values of the methanolic extract towards V. 

parahaemolyticus ATCC 17802 were 500 µg/mL and 

2000 µg/mL, respectively. On the other hand, similar 

MIC and MBC of the extract were observed towards 

E. profundum IBRL MA6 with a value of 250 µg/ 

mL. Again, fermentative broth (ethyl acetate extract) 

 
Table 1. Qualitative screening of antibacterial activity of L. pseudotheobromae IBRL OS-64 against pathogenic bacteria in 

aquaculture on agar plug diffusion assay. 

 
Test bacteria Presence of inhibition zone Diameter (mm) 
Vibrio parahaemolyticus ATCC 17802 ++ 12.4 ± 0.6 
Vibrio alginolyticus CCB-PB317 ++ 11.3 ± 0.2 
Vibrio owensii CCB-PG2 + 8.4 ± 0.2 
Vibrio azureus CCB-ST2H16 + 7.2 ± 0.4 
Exiguobacterium profundum IBRL MA6 +++ 15.0 ± 0.4 
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Table 2. Antibacterial activity of crude extracellular and intracellular extracts of L. pseudotheobromae IBRL OS-64 against 

pathogenic bacteria on disk diffusion assay. 

 
 

Test bacteria 

Diameter of inhibition zone (mm) 

Extracellular extract                Intracellular extract 

 
Positive 

 

 Ethyl acetate Methanol  Ethyl acetate Methanol control* 
Vibrio parahaemolyticus 12.4 ± 0.4 -  - 8.2 ± 0.8 22.6 ± 0.2 
Vibrio alginolyticus 10.2 ± 0.2 -  - - 24.4 ± 0.4 
Vibrio owensii 11.4 ± 0.6 -  - - 21.4 ± 0.4 
Vibrio azureus 9.2 ± 0.4 -  - - 23.2 ± 0.6 
Exiguobacterium profundum 15.4 ± 0.6 -  - 12.2 ± 0.6 26.2 ± 0.8 

 

Notes: extract concentration = 1000 µg/ml, positive control = chloramphenicol (30 µg/ml) 

 
Table 3. Determination of minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values 

of the ethyl acetate and methanolic extracts against test bacteria on broth microdilution assay. 

 
Ethyl acetate extract Methanolic extract 

 

Test bacteria MIC 

(µg/mL) 
MBC 

(µg/mL) 
Ratio  MIC 

(µg/mL) 
MBC 

(µg/mL) 
Ratio 

Vibrio parahaemolyticus 250 250 1  500 2000 4 
Vibrio alginolyticus 500 1000 2  - - - 
Vibrio owensii 1000 4000 4  - - - 
Vibrio azureus 1000 8000 8  - - - 
Exiguobacterium profundum 125 125 1  250 250 1 

 

 

showed superior antibacterial activity compared to 

fungal biomass (methanolic extract). The ethyl acetate 

extract could be a bactericidal agent against V. par- 

ahaemolyticus ATCC 17802, V. alginolyticus CCB- 

PB317, V. owensii CCB-PG2 since the MBC/MIC 

ratio was less or equal to four. 

 

In vitro toxicity. The best extract from the antibac- 

terial activity against test bacteria has proceeded for 

the toxicity test. The brine shrimp assay results shown 

in Fig. 1. revealed that the ethyl acetate extract was 

virtually non-toxic on shrimps as they exhibited very 

pseudotheobromae IBRL OS-64. Fig. 2. shows a graph 

of the killing activity of bacteria cells that was plotted 

between logarithmic numbers of CFU/mL versus time 

(h). For V. parahaemolyticus ATCC 17802, the time- 

kill assay showed a 93.7% reduction of bacterial cells 

at ½ × MIC after 32 h of the incubation period. How- 

ever, the bacterial cells resumed their growth thereaf- 

ter to obtain 4.12 × 107 CFU/mL of viable cell counts. 

At a higher extract concentration (2 × MIC), the result 

exhibited that 99.9% reduction was achieved after 28 

h of the incubation period, and the reduction was con- 

tinued until 48 h. For E. profundum IBRL MA6, the 

low toxicity giving LC values greater than 1000 µg/ time-kill study showed 97.8% and 99.9% reduction 

ml after 24 hours. The results obtained also showed 

that the activity of ethyl acetate extract of endophytic 

fungus was concentration dependent. 

 
Time-kill assay. Time-kill study was performed over 

a period of 48 h with the V. parahaemolyticus ATCC 

17802 and E. profundum IBRL MA6 being exposed to 

½ × MIC (125 µg/mL; 62.5 µg/mL), MIC (250 µg/mL; 

125 µg/mL) and 2 × MIC (500 µg/mL; 250 µg/mL) 

values of ethyl acetate extract of endophytic fungus, L. 

of bacterial cells at ½ × MIC and 2 × MIC values of 

extract concentrations, respectively after 24 h of incu- 

bation. The results revealed that the effects of the eth- 

yl acetate extract were bacteriostatic and bactericidal 

against V. parahaemolyticus ATCC 17802 at lower 

(½ × MIC value) and higher (2 × MIC value) extract 

concentrations, respectively. In contrast, the effect of 

the fungal extract was bactericidal against Gram-pos- 

itive bacteria, E. profundum IBRL MA6 at sub-MIC 

(½ × MIC) and higher (2 × MIC) concentrations. 
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Fig. 1. Toxicity of ethyl acetate extract 
 
 

 
 

Fig. 2. Time-kill curve of ethyl acetate extract of endophytic fungus, L. pseudotheobromae IBRL OS-64 against V. parahae- 

molyticus ATCC 17802 and E. profundum IBRL MA6 

 
Structural degeneration of bacterial cells exposed 

to the extract. The effects of the ethyl acetate extract 

on the exterior part of bacterial cells were investigated 

through SEM photomicrographs and this has brought 

conformity to the previous result on the screening 

part. Generally, the microscopic analysis revealed the 

severity of morphological deterioration undergone by 

the extract-treated cells beyond repair. Fig. 3. shows 

photomicrographs of untreated (control) and ethyl ac- 

etate extract-treated Gram-negative bacteria, V. par- 

ahaemolyticus cells. Fig. 3a is the control (untreated 

cells) that exhibits undamaged cells with the presence 

of regular Gram-positive bacterial cells and a rough 

surface with an intact rod shape. Fig. 3b represents the 

36 h of exposure to the extract where the cells experi- 

enced some morphological changes. In the meantime, 

irregularities in the cells were observed and almost all 

individual cells underwent a shrunken phenomenon. 
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Besides that, there were cavities formed on the outer 

layer of cells and this phenomenon might be due to 

the leakage of cells’ cytoplasm. Fig. 4 demonstrates 

the SEM micrograph of untreated and treated E. pro- 

fundum IBRL MA6cells. Fig. 4a illustrates the con- 

trol cell without any treatment and it shows a typical 

normal cell of E. profundum with rigid, rod-shaped, 

and smooth morphology. Some of the cells were un- 

dergone binary fission (indicated by the red arrow), 

which is a typical replication process of bacteria. 

However, progressive changes occurred throughout 

exposure to fungal extract. After 36 h of exposure, the 

surface of bacterial cells was shrunken and crumpled 

(Fig. 4b). This phenomenon leads to the formation of 
 

 

 
 

Fig. 3. SEM photomicrographs showing the effect of ethyl acetate crude extract of L. pseudotheobromae IBRL OS-64 at a 

concentration of 500 µg/mL on Gram-negative bacteria, V. parahaemolyticus ATCC 17802 cells. (a) untreated cell [control] 

(b) extract-treated cell. Scale bars: 5 µm. 

 

 
 

Fig. 4. SEM photomicrographs showing the effect of ethyl acetate crude extract L. pseudotheobromae IBRL OS-64 at a 

concentration of 500 µg/mL on Gram-positive bacteria, E. profundum IBRL MA6 cells. (a) untreated cell [control] (b) ex- 

tract-treated cell. Scale bars: 5 µm. 
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pores that resulted in leakage of the cytoplasm cell. 

As a result, the bacterial cells loss their cellular mate- 

rials and some of them lost their rod-shaped and thus, 

showed  indistinctive morphology  compared  to  the 

control cells. 
 

 
 

DISCUSSION 

 
The emergence of multi-drug resistant strains has 

urged searching for new bioactive substances with 

a wide broad of antimicrobial activity and pharma- 

ceutical properties. Thus, an endophytic fungus has 

been utilized in the present study to screen antibac- 

terial activity against pathogenic bacteria in aquacul- 

ture. Endophytic fungi are microorganisms that live 

within plants without causing any disease symptoms 

to their hosts (16). Hamzah (17) reported that endo- 

phytic fungi help their host plants to adapt to abiotic 

and biotic stress factors and tolerance to biotic stress 

by some plants has been associated with the produc- 

tion of fungal natural products. During the long evo- 

lutionary process, different relationships have been 

between fungal endophytes and their hosts through 

fungus-host interaction recognized as antagonism, 

continuum mutualism, and neutralism, and this inter- 

action benefit endophytes due to ecological habitat, 

genetic background, and nutrient level of host plants 

and in turn, benefits host plants by induced their 

growth, increased resistance to herbivore or disease 

and accumulated bioactive substances. Thus, mutual 

interaction between endophytes and their hosts can 

affect the formulation of some bioactive compounds 

that benefit humans (18). Endophytic fungi have been 

shown to produce a promising source of new natural 

products and they have been reported to produce sev- 

eral bioactive compounds that can inhibit pathogens. 

Due to the capability of endophytic fungi to synthe- 

size bioactive compounds with pharmaceutical prop- 

erties, the recent study was designed to evaluate the 

antibacterial activity of L. pseudotheobromae IBRL 

OS-64 against pathogenic bacteria in aquaculture. 

Primary screening of antibacterial activity of en- 

dophytic fungus revealed that the fungal isolate, L. 

pseudotheobromae IBRL OS-64 exerted the highest 

antibacterial  activity  against E.  profundum  IBRL 

MA6 compared to the Vibrio sp. This phenomenon 

might be due to the differences in the cell structure 

of both bacteria since E. profundum IBRL MA6 is 

a  Gram-positive  and  Vibrio  sp.  is  Gram-negative 

bacteria. Generally, Gram-negative bacteria consist 

of complex structures such as an outer membrane 

layer containing lipopolysaccharide, a thin peptido- 

glycan layer, and periplasm compared to Gram-pos- 

itive bacteria. The outer membrane layer is a struc- 

ture that differentiates between bacteria comprised 

of lipopolysaccharides, proteins, and phospholipids 

separating the external environment from the peri- 

plasm (19). The outer membrane of Gram-negative 

bacteria has restricted flow and serves as a selective 

barrier that prevents antibiotic compounds but allows 

the transportation of valuable nutrients to the cell. 

Besides that, the outer membrane is also anchored 

by membrane proteins known as porins which act 

as a selective channel that allows the transportation 

of specific size hydrophilic substances into the peri- 

plasm (20). The high resistance of Gram-negative 

bacteria towards antibiotic agents might be due to the 

presence of a complex cell envelope that surrounded 

the peptidoglycan layer even though it is very thin. 

Furthermore, the special cell envelops act as a per- 

meability barrier that restricts the flow of outsider 

molecules into the cell such as hydrophobic, hydro- 

philic, and charged molecules (21). Besides that, the 

concentration of extract also plays a vital role in in- 

hibiting bacterial growth. The low concentration of 

antibiotic agents leads to insufficient execution of the 

inhibitory action and thus, the bacteria become resis- 

tant to the antibiotics (22). 

Disk diffusion assay was carried out to determine 

the antibacterial activity of fermentative broth and 

fungal biomass extracts. The present study revealed 

that the fermentative broth extract (extracellular) ex- 

erted more antibacterial activity against test bacteria 

compared to fungal biomass extract (intracellular). 

The result was in agreement with previous study who 

claimed that the endophytic fungi usually secreted 

their secondary metabolites extracellularly into the 

fermentative broth and seldom kept them intracellu- 

larly. Moreover, secondary metabolite compounds 

secreted by endophytes are meant to protect them 

from pathogens or predators and therefore, they are 

more suitable to be secreted extracellularly. The 

result of the disk diffusion assay revealed that the 

highest antibacterial observed against E. profundum 

IBRL MA6 (on primary screening) might be due to 

the synergic effect of different bioactive compounds 

from extracellular and intracellular since both fer- 

mentative broth (ethyl acetate extract) and fungal 

biomass (methanol extract) exhibited good antibac- 
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terial activity. Bag and Chattopadhyay (23) evaluat- 

ed synergistic antimicrobial efficacy by combining 

tericidal  and  bacteriostatic  bioactive  compounds 

whereby bactericidal activity is indicated by 99.9% 

essential  oils  of  spices  and  herbs.  They  revealed of cell death which is equivalent to a 3-log reduction 

that the combination of cumin and coriander seeds 

oil was significantly increased antimicrobial activi- 

ty and this is due to synergistic interactions of both 

compounds. 

Broth microdilution assay was employed to deter- 

mine the MIC and MBC values of the fungal extract. 

The results revealed that both fungal extracts (either 

ethyl acetate or methanolic extracts) exhibited a 

higher antibacterial effect on Gram-positive bacte- 

ria as compared to Gram-negative bacteria. Current 

results are in agreement with the previous study by 

Marasini (24) who claimed that MIC values of plant 

extract against Gram-positive bacteria are signifi- 

cantly low than Gram-negative bacteria. They postu- 

lated that this phenomenon may be due to the differ- 

ent nature of cell walls for both types of bacteria and 

the existence of the efflux system in Gram-negative 

that facilitates them in enhancing their resistance to 

antibiotic agents. Besides that, both fungal extracts 

showed a bactericidal effect against all test bacteria 

except V. azureus CCB-ST2H16 since the MBC/MIC 

ratio is less or equal to 4. Antimicrobial compounds 

are considered bactericidal agents when the MBC/ 

MIC ratio is less or equal to 4, whilst bacteriostat- 

ic agents if the MBC/MIC ratio is greater than 4. 

Current findings also revealed a wide range of MIC 

values, and this indicates different susceptibility 

levels of test bacteria towards fungal extracts. The 

variation in susceptibility of test microorganisms 

might be due to different compositions of the fungal 

extracts whereby some extracts tend to exhibit se- 

lective activity against certain microorganisms and 

this phenomenon leads to the low MIC value. On 

the other hand, some of the microorganisms are pro- 

tected by special cell components including an extra 

cell wall layer and degrading enzymes that can be 

less accessible to the fungal extract and this leads 

to a higher MIC value (25). Besides that, the MIC 

and MBC values of the extract were similar for V. 

parahaemolyticus ATCC 17802 and E. profundum 

IBRL MA6 indicating the high sensitivity of the test 

bacteria towards the antibacterial substances in the 

extract. Olajuyigbe and Afolayan (26) reported equal 

MIC and MBC values indicating the bactericidal ef- 

of bacterial cells (27). The present study revealed that 

the sub-MIC level of extract leads to the regrowth 

of bacterial cells. Wistrand-Yuen (28) reported that 

a low level of antibiotic can enrich pre-existing resis- 

tant mutants in a bacterial population showing that 

certain antibiotics could contribute to resistance evo- 

lution at a concentration level hundred-folds below 

the MIC. They also stated that the bacterial cells can 

still grow at a low concentration of antibiotics since 

they are capable to generate a different trajectory of 

evolution with a progressive increase in resistance 

via accumulation of resistance mutations with in- 

dividually smaller effects. A biphasic killing curve 

with a decline in the killing rate of bacterial cells 

was observed in the present study and this phenome- 

non might be due to the emergence of persister cells 

which are less susceptible to antimicrobial drugs 

(29). In addition, Lewis (30) reported that persistence 

occurs in a subpopulation of bacterial (approximately 

< 1%) that are not killed by antibiotics, and thus, the 

heterogeneous response is repeated when they are 

exposed to the same antibiotic. According to Pankey 

and Sabath (31), it is advantageous to have antimicro- 

bial drugs with bacteriostatic action rather than the 

bactericidal effect in some cases during treatment. 

The study of new bioactive substances’ toxicity 

is essential for the antibiotic development process 

whereby toxicity of the substances can be evaluat- 

ed by in vitro studies towards cell lines, in vivo ex- 

posure on animals, and accidental exposure studies 

to a substance (32). The current study revealed that 

the fungal extract exerted a low toxicity effect on the 

nauplii may be due to its symbiotic relationship with 

its host plant. According to Strobel and Daisy (33), 

endophytes reside in the cell tissue of their host by 

producing secondary metabolites with low toxicity 

to not harm or cause death to their host. Further- 

more, endophytic fungi could be quiescent or latent 

pathogens in their host, but their pathogenic behavior 

will be activated if the host environment is changed 

(34). Besides, Owen and Hundley (35) postulated 

that bioactive compounds secreted by endophytes 

are relatively low toxicity towards higher organisms. 

According to Meyer’s toxicity index, the crude ex- 

fect of the extract with great therapeutic potential tracts with LC < 1000 μg/mL were considered toxic 

and broad-range spectrum. whereas the crude extracts with LC > 1000 μg/mL 

A time-kill assay was employed to evaluate bac- were assumed non-toxic. The results also showed 
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that the prolonged exposure of brine shrimp to the and Gram-negative bacteria with broken cytoplasmic 

fungal  extract  resulted  in  decreasing  LC value. membrane and leakage of cytoplasmic contents. An- 

The result was in parallel with the previous study 

that studied the toxicity of Malaysian red seaweed, 

other previous study also reported fungal extract ex- 

hibited antibacterial activity against P. mirabilis by 

Acanthophora spicifera. The decreasing LC value disrupting its normal cell envelope (cell membrane) 

with the increase in the exposure time may be due to 

the tolerance of the tested nauplii towards toxic sub- 

stances. However, inaccurate results may be obtained 

if the exposure time was increased beyond 48 hours. 

This phenomenon occurred due to a food shortage 

since nauplii can survive without food for up to only 

48 hours as they depend on their yolks-sack as their 

food source (36). The present study also revealed 

that the fungal extract was not toxic against brine 

shrimp, and this is very impressive, and the extract 

may be used in the aquaculture field as an antibacte- 

rial agent. Moreover, the extract may be used in the 

food industry to combat food pathogens. Similarly, 

previous studies suggested that hexane extract of Pi- 

lea microphylla can be used to cure pathogenic bac- 

terial infections such as Bacillus cereus that cause 

food poisoning symptoms in humans due to its low 

toxicity. However, the crude fungal extract should be 

further characterized and purified to determine the 

toxicity activity of a single pure compound. 

Cell membrane plays a vital role in Gram-positive 

and Gram-negative bacteria since it is responsible 

for various essential functions including osmoreg- 

ulation, transportation, respiration processes, and 

biosynthesis  of  peptidoglycans  and  lipids.  Hence, 

the cell membrane integrity is important to facilitate 

these functions and any disruption could cause met- 

abolic dysfunction, which leads to cell death beyond 

repair (37). In the present study, the ultrastructural 

changes in V. parahaemolyticus ATCC 17802 and E. 

profundum IBRL MA6 after being treated with the 

fungal extract were analyzed by scanning electron 

microscope and the results revealed the efficiency of 

the extract since the cell membrane underwent se- 

vere damage indicated by cell shrinkage, crumpled, 

the formation of cavities, and broken cells. The result 

was in agreement with a previous study that report- 

ed that the microbial extracts would affect the cell 

wall synthesis and the cell membrane permeability. 

According to Jeyanthi and Velusamy (38), cell dam- 

age would promote the penetration of the active com- 

pound into the inner cell cytoplasm, which leads to 

the disruption of its contents. Similar observations 

reported by previous studies revealed the severe 

damage observed in the lysed cells of Gram-positive 

which  then  causes  cell  lysis  and  ultimate  death. 

Thus, the present study speculated that the active 

compound(s) from the fungal extract penetrate the 

bacterial cell membrane and disturbed its integrity 

resulting in cell shrinkage, the formation of cavities, 

broken and leakage of the cell contents which leads 

to cell death beyond repair. However, further study 

should be done to investigate the mode of action of 

the fungal extract towards the test bacteria. 
 

 
 
CONCLUSION 

 
With an increasing number of bacteria developing 

resistance to several commercial antibiotics, extracts 

from L. pseudotheobromae IBRL OS-64, an endo- 

phytic fungus holds great promise for novel bioactive 

compounds with antibacterial properties. The fungal 

extracts showed significant antibacterial activity 

against several pathogenic bacteria in aquaculture 

including V. parahaemolyticus and E. profundum. 

The extract was also able to attenuate the bacterial 

growth and cause severe damage to bacterial cells. 
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