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ABSTRACT

Some of Vibrio spp. bacteria are pathogenic to humans and other organisms, including cultured fish or shrimp.
This study aimed to determine the activity of ethyl acetate extract of Trichoderma longibrachiatum as an anti-
vibrio fungus. The test bacteria used were: Vibrio harveyi, Vibrio anguillarum, Vibrio vulvinificus, and Vibrio
parahaemolyticus. The fungus was cultured using Malt Extract Agar (MEA) medium for 9 days at 27°C (static
conditions, 24 hours dark, pH 5.6, and salinity 60 ppt). Extracts obtained by maceration using ethyl acetate, then

the extract is partitioned using water-methanol 70:30 and ethyl acetate. Each fraction was concentrated to obtain

polar-ethyl acetate (PE) and semipolar-ethyl acetate (SPE) extracts. The components of the constituent extract
were traced with a Thin Layer Chromatography (TLC) and followed by ultraviolet spectrophotometry. The anti-
vibrio activity was determined based on the value of Minimum Inhibitory Concentration (MIC). The results of the

study showed that SPE was more potential to be used as anti-vibrio. The strongest activity was able to inhibit the
growth of Vibrio vulvinificus with 256 ug mL! MIC value, while the weakest was against Vibrio parahaemolyticus
with 1.024 ug mL-! MIC value. In conclusion, SPE has the potential to be developed as an anti-vibrio compound,

particularly against Vibrio vulvinificus.
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INTRODUCTION

Vibrio is a genus of bacteria found in a variety of
freshwater and marine habitats. There are more than 100
species of Vibrio spp., and 12 of which cause infection in
humans. Vibrio cholerae (V. cholerae) can cause cholera,
a severe diarrheal disease that can be transmitted through
contaminated water. Non-cholera Vibrio spp., such as V.
parahaemolyticus, V. alginolyticus, and V. vulnificus, may
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cause vibriosis, an infection with various clinical
expressions, and the mildest of which is gastroenteritis.
Vibriosis infection is usually caused by exposure to
seawater or by consuming contaminated raw or
undercooked seafood. There is an exception, V. vulnificus
which is an opportunistic pathogen causing wound
infection which can rapidly lead to septicemia (1, 2).
Infections caused by V. vulnificus are generally fatal.
Therefore, accurate diagnosis and direct treatment are very
important since the infection may cause death to the
sufferer (3). antibiotics are widely used to treat vibriosis.
The commonly used antibiotics include doxycycline,

quinolone, cephalosporin, ciprofloxacin, tigecycline, and
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ceftazidime (2, 3). Vibrio spp. are gram-negative bacteria
that causes vibriosis in humans and animals. Moreover,
fishery products and post-harvest products are common
intermediaries for the transfer of bacteria from their
original habitat to their new hosts (5).

The fisheries sector is one of the most fundamental fields
for a country's food security. On the other hand, fisheries
systems also play a major role in spreading vibriosis to humans.
Vibriosis is a bacterial disease reported in Indonesian marine
fish culture since the 1990s. The disease is reported mostly
found in grouper (Epinephelus sp.) and shrimp ( Penaeus
monodon, Litopenaeus vannamei) culture, although infection
also occurs in snapper (Lates calcarifer) and abalone (Haliotis
squamata) culture. The agent causing vibriosis in marine fish
in Indonesia involves several vibrio species, including V.
harveyi, V. anguillarum, V. alginoluticus, V. parahaemolyticus
(4). Some efforts are done to control vibriosis in fish farming
activities still rely on the use of drugs or antibiotics given
through oral and immersion.However, feed residues will cause
pollution in the waters due to antibiotic contamination.
Nowadays, several Vibrio species are even resistant to certain
types of antibiotics. Based on the research (5) conducted on the
North Coast of Java found that V. parahaemolyticus
contaminating vanname shrimp is resistant to erythromycin
(90%), amoxicillin-clavulanic  acid ~ (83.33%), and
nitrofurantoin (58.33%).

Vibrio spp. live in marine habitats along with other
bacterial species and microorganisms, like fungi.
Competition among the inhabitants of an ecosystem will
occur to compete for space and nutrition. Consequently,
there is a possibility that there are any antagonistic species,
both within among themselves and towards other species.
Some research resulted in the fact that several marine-
derived fungi species synthesize secondary metabolites of
anti-vibrio as their chemical weapons to compete and to
avoid predation. Several anti-vibrio metabolites found are
such as ethyl acetate extract from sponge-associated
fungus Tricoderma asperellum (6); prenylxanthone and

aspergixanthones from the marine-derived fungus
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Aspergillus sp. cultured with shaken Czapek-Dox media
(7); indole-diterpenoids and steroids isolated from
Penicillium janthinellum (8), secondary metabolites of the
mangrove-associated fungus Aspergillus sp. (9), and
secondary metabolites of marine invertebrates associated
fungi A. flavus, A. oryzae, A. aculeatus, Talaromyces
minioluteus, Hypocrea jecorina, Gliomastix murorum,
Myrothecium inundatum, and Curvularia avinis cultured
with Poor Marine Agar (PMA) (10).

The use of antibiotics for a certain period can cause
some problem related to pathogenic bacteria resistance
towards these antibiotics whether in fish or shrimp body
and in addition to the residue which will pollute the
environment. Besides, this will also harm humans' health
by consuming contaminated sea products. Replacing
antibiotics with natural compounds that have antibacterial
activity against Vibrio spp. offers a new environmentally
friendly solution. The potential of sponge-associated
fungus T. longibrachiatum as a producer of antibacterial
compounds has been examined. According to (11), the
study results showed that ethyl acetate extract was able to
inhibit the growth of several types of both gram-positive
and negative bacteria. Vibrio is categorized as a member
of the gram-negative bacteria group. Accordingly, it is
presumed that the extract is also able to inhibit its growth.
This study aimed to determine the antibacterial activity of
the ethyl acetate extract of sponge-associated fungus T.
longibrachiatum as anti-vibrio.

MATERIAL AND METHODS

Fungus Isolate

The samples of isolate used in this study were sponge-
associated fungi coded TE-PF-03.1. The sponges were
collected from the waters of Falajava Beach, Ternate Island,
North Maluku, Indonesia (coordinates 00°47'09.12" N; 127°
2321.76" E) at 3-30 m depth. The fungus has been investigated
and identified molecularly using Internal Transcribed Spacer
(ITS) rDNA sequence as T. longibrachiatum and has been
morphologically confirmed (11).



Jordan Journal of Pharmaceutical Sciences, Volume 14, No.4, 2021

Fungus Culture

Regeneration of fungus collection was carried out
before the culture process (i.e. subculture for 7 days).
Isolate of T. longibrachiatum TE-PF.03.1 was cultured
using Malt Extract Agar (MEA Merck) media in 20 Petri
dishes. Preparation of MEA was carried out using sterile
seawater. According to (11), the final condition of the
media showed that the salinity was 60 ppt and pH 5.6. The
culture was carried out for 9 days in the environmental
condition with 24 hours dark, static, and 27°C temperature.

Secondary Metabolites Extraction

Following 9 day-culture, the media and the micelle were
cut into small pieces and macerated with ethyl acetate
(1:1v/v). Ethyl acetate extract was obtained after filtration and
evaporation processes using a rotary evaporator (40°C) under
low pressure. Some part of the ethyl acetate extract was
separated for the initial test of its potential as anti-vibrio, while
the remaining extract was partitioned using a separatory
funnel with water-methanol 70:30 and ethyl acetate (1:1v/v)
solvents. Each fraction of polar-ethyl acetate (PE) and
semipolar-ethyl acetate (SPE) extract was concentrated and
ready to antibacterial test as anti-vibrio (11).

Profiling Secondary Metabolites

The constituents compound of PE and SPE extracts
were predicted using the Thin Layer Chromatography
(TLC) method (12). In this process, after the extract being
developed using a certain mobile phase, it will produce
spots on the TLC plate and are identified using Rf
(Retention factor) value. The spots on the TLC plate were
visualized with ultraviolet (UV) light 365 nm, 2% vanillin-
H,S04, 0.25% ninhydrin in acetone, and 1% ferric (III)
chloride in methanol (12, 13). Furthermore, the TLC plate
was heated at 110°C for 2-3 minutes. Besides, the
visualization was done by UV light (A200-400 nm) which
was equipped with an absorption profile using a UV-Vis
spectrophotometer.

Antibacterial Activity Test

Vibrio bacteria used in this study were V. harveyi, V.
anguillarum, V. vulvinificus, and V. parahaemolyticus.

The subculture of tested bacteria was carried out in
Mueller-Hinton Broth (MHB; Oxoid) and incubated for
24 hours at 37°C. The initial antibacterial bioassay was
done by determining the inhibition zone diameter using a
disc diffusion assay (14). Vibrio bacteria were inoculated
in Mueller-Hinton Agar (MHA; Oxoid) media with 0.5
McFarland (1.5x103CFU mL™') initial density using the
swab method. Moreover, the extract preparation was
started by making a solution with 50 and 25 mg mL'!
concentration in DMSO. Then, 10 pL of extract solution
was dropped onto the surface of sterile disc paper (Oxoid,
6 mm diameter), and it resulted in 500 and 250 pg disc™!
final concentration. The inhibition zone was measured
after 24 hours incubation period at 37°C.

Minimum Inhibitory Concentration Test

Minimum Inhibitory Concentration (MIC) test was
carried out on fractions PE and SPE of T. longibrachiatum
ethyl acetate extract. Broth Dilution method was used to
determine MIC value referring to the method with
resazurin microtiter assay (REMA) (15, 16). The first, 100
puL of the extract solution in DMSO solvent with the
highest concentration was filled in the first well in certain
rows. Then, the next well was filled with 50 pL of sterile
MHB . Moreover, the test material as much as 50 pL was
transferred from the first well to the next well to achieve
10 series of dilution (2,048-4 ug mL") . Meanwhile, 30 uL
of resazurin solution (Sigma-Aldrich, 0.02% in distilled
water) was added to each well, then 10 pL of Vibrio
bacterial suspension (1.5 x108 CFU mL"") were added to
each well. Chloramphenicol was used as a positive control
(with series concentrations from 64-0.125 ug mL). Well
the 11% filled DMSO as a negative control and the 12
filled MHB as media control. The microplate was
incubated at 37°C for 24 hours. After the incubation
period, the well as growth control appeared pink. At last,
the MIC value was determined based on the lowest
concentration that could inhibit the growth of Vibrio spp.
and appeared blue.
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RESULTS AND DISCUSSION

Based on the results of previous studies, T.
longibrachiatum cultured using MEA media will reach the
peak of its secondary metabolites production on day 7. At
the following periods, the production decreased, but the
antibacterial activity increased until the 9" day of culture.
The ethyl acetate extract metabolite has antibacterial
activity through the disc diffusion test (500 pg disc™!)
against several gram-positive and negative bacteria, while
the methanol extract is inactive (11). Similar results were

also found by other researchers stating that the ethyl

Sri Sedjati, et al.,

acetate metabolite extract from endophytic fungal isolates
mostly showed higher antibacterial activity than the
methanol extract (17).

T. longibrachiatum sponge-associated fungus in this
study was cultured using MEA for 9 days. Besides, the
anti-vibrio potential of its ethyl acetate extract on disc
diffusion test (500 and 250 pg disc!) can be seen in Table
1 and it shows a inhibition zone formed. This ethyl acetate
extract was able to inhibit the growth of V. harveyi, V.
anguillarum, V. vulvinificus, and V. parahaemolyticus.

Table 1. Anti-vibrio potential of T. longibrachiatum ethyl acetate extract by using disc diffusion method

Tested Bacteria

Concentration of extracts (ug disc™)

500 250
V. harveyi + -
V. anguillarum + +
V. vulvinificus + +
V. parahaemolyticus + +

Note: += inhibition zone formed, - = no inhibition zone

Further research was done to determine the polarity of
the active compounds carried out by partition method
using immiscible solvents. Methanol is added water to
increase its polarity, so that it can be separated with ethyl
acetate. The profile of the compounds in PE and SPE
extracts corresponded to the appearance of several spots
on the TLC plate as seen in Figure 1. The spots appeared
fluorescent blue when being irradiated by UV indicating
that the organic compound had double bonds
(diene/polyene or conjugated) (18). Compounds that react
positively with vanillin reagent would show certain
colored spots (varying colors) characterizing the presence

of carbonyl functional groups (ketones, aldehydes). These
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compounds probably come from phenolic, flavonoids,
terpenoids, steroids, fatty acids/essential oils, or high
molecular weight alcohol groups. Besides, vanillin reagent
is sensitive to the steroid class. If the compound reacts
positively with the ninhydrin reagent, the compound
contains nitrogen (amines, peptides, or alkaloids).
Meanwhile, phenolic group compounds will react
positively to ferric (III) chloride reagent (12, 19). The
results of the study showed that all spots in ethyl acetate
extract were not reactive to ninhydrin and ferric (III)
chloride reagents; it is accordingly assumed that they are
not from nitrogen or phenolic compounds. Perhaps both

extract PE and SPE are terpenoids or steroids.
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Figure 1. TLC profile of T. longibrachiatum ethyl acetate extract and its visualization using: (a) 0.25%
ninhydrin, (b) 1% ferric (III) chloride, (c) UV light 365 nm, (d) 2% vanillin-H>SO4 (Note: PE=polar-ethyl acetate,
SPE=semipolar-ethyl acetate )
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Figure 2. UV spectra (A200-400 nm) of T. longibrachiatum ethyl acetate extract: (a) PE=polar-ethyl acetate , (b)
SPE=semipolar-ethyl acetate)

The spectra of UV light absorption is shown in Figure 2.
Extract PE has a pattern with 1 peak, i.e. at A 267.6 (A=0.93),
while SPE has 2 clear peaks, at A 255.2 nm ( A=4.00) and A
276.8 (A=0.80). There may be other peaks in SPE. This was
also reflected in the TLC profile of SPE which was observed
in more than 2 spots after visualization with 2% vanillin-H>SO4
(as in Figure 1d). Based on the literature study, some terpenoids
and steroids possess a carbonyl functional group and also
conjugated double bonds. This assumption is strengthened by

observing the UV spectra patterns of each PE and SPE. The
result of previous research (20), the UV spectra of terpenoids
seems to have an absorption peak at A 259.57 nm for
monoterpenoids (C10) compounds which are assumed to be
thymol and at A 260.47 nm for sesquiterpenoids (C15) which is
assumed to be chiloscyphone. The structure of chiloscyphone
compounds contains ketone functional groups and conjugated
double bonds, whereas thymol only has conjugated bonds. This
assumption was strengthened by previous statements (21), that
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conjugated double bond which also has a carbonyl functional
group will produce chromophores that intensively absorb UV
light in A 230-270 nm range, and weakly at 300-330 nm.
Meanwhile, regarding the chemical structure of steroids, 2
double bonds can be distributed between two adjoining rings
(heteroannular diene). In this case, the steroid will absorb in the
UV region at 220-250 nm. Moreover, it is also possible that 2
ethylene bonds (H,C = CHy) are in the same ring (homoannular
dienes). Consequently, this will shift the absorption peak to
260-285 nm.

Based on the data in the following Table 2, the SPE

Sri Sedjati, et al.,

obtained from T. longibrachiatum has better anti-vibrio
activity than the PE. It has strongest potential against V.
vulvinificus with a 256 ug mL™! MIC value. There are only
2 species sensitive to chloramphenicol, i.e. V. harveyi and
V. vulvinificus, and 2 others that are categorized in the
intermediate group. The anti-vibrio potential of SPE is still
weak; this is presumably because the extract is not yet
pure. The extract is still in the form of a mixture of several
compounds which may not be fully synergistic in

supporting its antibacterial properties.

Table 2. MIC values of polar-ethyl acetate (PE) and semipolar-ethyl acetate (SPE) extracts against Vibrio spp.

MIC value against Vibrio spp. (ug mL™")

Tested Bacteria

PE SPE Chloramphenicol*
V. harveyi >2048 512 8
V. anguillarum >2048 512 16
V. vulvinificus 1,024 256 2
V. parahaemolyticus 1,024 1,024 16

Note: * Categories on organism as susceptible (22):
MIC>32 = resistant, 16-32 =intermediate, <8 =sensitive

Based on various results of other previous studies,
there are terpenoids
Sesquiterpenes, meroterpenes, and diterpenes make up the
largest proportion of terpenes. The genera of Penicillium,

Aspergillus, and Trichoderma fungi are terpenoid's

many isolated from fungi.

dominant producers. The majority of fungi isolated from
living material from the sea (animals and plants) produce
terpenoids and many exhibit various bioactivities, such as
cytotoxicity, anti-inflammatory, enzyme inhibitors,
including antibacterial activities (23, 24). Similarly in
butanolic extract of terrestrial Trichoderma sp. (isolated
from forest plants), it is mostly dominated by terpenoid
compounds identified as terpenes (limonene) (92.6%).
Other constituents represent a small amount proportion
consisting of hydrocarbons (2.01%), alcohol (2.4%),
ketones (1.78%), and esters (1.03%). Culture activity

using Potato Dextrose Agar (PDA) media produces more
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terpenoid metabolites than MEA. The growth of
Staphylococcus aureus, Staphylococcus epidermidis, and
Micrococcus luteus was inhibited at 500 pg mL!
concentration, while the growth of Escherichia coli was
inhibited at 1 mg L' concentration (25).

The compounds in extract SPE were relatively less polar;
as the character of terpenoids or steroids which are composed
of isoprene (CS5) hydrocarbon and were presumed to have a
carbonyl or hydroxyl group. The presumption of
antimicrobial properties is according to (26) stating that
oxygenated terpenes show strong antibacterial activity,
particularly against gram-negative bacteria. The increase in
antimicrobial activity is associated with the presence of
hydroxyl functional groups (phenolic compounds or
alcohols), while the hydrocarbon groups produce relatively
low activity. The bacteria which could be inhibited were S.

aureus, Bacillus cereus, E. coli, and Salmonella enterica.
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Some oxygenated terpene compounds such as carvacrol, I-
carveol, eugenol, trans-geraniol, and thymol showed higher
activity when compared to sulfanilamide. Terpineol showed
excellent bactericidal activity against S. aureus strains.
Meanwhile, carveol, citronellol, and geraniol exerted a rapid
bactericidal effect against E. coli. The images obtained by
scanning electron microscopy (SEM) show that the
mechanism which causes the death of the bacterial cell is
based on the loss of integrity on cellular membrane function.

The steroid group and its derivatives isolated from several
strains of fungi have also been examined and the results of the
study showed antimicrobial activities. Steroids are also
produced by Trichoderma sp., Penicillium sp., and
Acremonium sp. with their greatest abundance respectively are
ergosterol, ergostatetraenol, ergostapentaene, neoergosterol,
and eburicol. Ergosterol is a sterol (alcohol steroid) commonly
found in the plasma membrane of fungi. These steroids have
antimicrobial activity against several gram-positive and
negative bacteria, for instance. S. aureus, Bacillus sp., B.
cereus, Listeria ivanovii, E. coli, Citrobacter freundii, and

Salmonella spp. However, their antimicrobial activity is weak
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