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Abstract. Pathogenic bacteria are types of bacteria that often cause negative effects on fish and other 
organisms. Aeromonas hydrophila, Pseudomonas aeruginosa, and Vibrio alginolyticus bacteria often 
infect farmed fish, causing death. The use of antibiotics to treat bacterial diseases can result in antibiotic 
residues in aquatic products and bacterial resistance. The heterotrophic microscopic organisms separates 
were gathered from ocean waters in Sungai Pakning Bengkalis Rule Riau Territory Indonesia. The 
execution season of this study was directed in May-November 2020. An antibacterial compound from 
Bacillus sp. strain JS4 can be used as an alternative to solve this problem. 12 liters of Bacillus sp. strain 
JS4 bacterium was cultured for 7 days on NB media, then extracted with ethyl acetate. The concentrate 
was disconnected utilizing streak chromatography. The concentrate was identified utilizing FT-IR and the 
compound was portrayed utilizing 1H NMR (Nuclear Magnetic Resonance) at 500 MHz recurrence and 13C 
NMR at 125 MHz. The compound test was finished by utilizing the agar dissemination strategy. The 
consequence of range examination NMR and Comfortable confirmed that compound JS4-E-01 was N-[2-
(3-hydroxypropanoyl)ethenyl]3-hydroxypropanamide. The restraint ability test JS4-E-01 on A. hydrophila 
(10.5 mm), P. aeruginosa (12.3 mm), and V. alginolyticus (13,3 mm). All in all, Bacillus sp. strain JS04 
bacterium can deliver N-[2-(3-hydroxypropanoyl)ethenyl]3-hydroxypropanamide compound. This 
compound had the option to restrain the development of A. hydrophila, P. aeruginosa and V. alginolyticus 
microbe microscopic organisms.                            
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Introduction. Pathogenic bacteria are types of bacteria that often cause negative effects 

on fish and other organisms. Aeromonas hydrophila, Pseudomonas aeruginosa and Vibrio 

alginolyticus bacteria often infect farmed fish (Chen et al 2019; Zhang et al 2016; 

Stratev & Odeyemi 2016). As a result of this infection, fish die causing huge losses (Cai 

et al 2018; Liu et al 2017). Aeromonas spp. Bacteria is found in fresh water, estuarine 

and marine waters, and is an etiological agent of fish disease (Chaix et al 2017). 

Infection with A. hydrophila can cause degenerative changes, necrosis and swelling on 

the internal organs of the fish (Abdelhamed et al 2017). A. hydrophila bacteria produce 

virulence factors, such as hemolysins, aerolysins, adhesins, enterotoxins, phospholipases, 

and lipases (Stratev & Odeyemi 2016). A. hydrophila can quickly multiply through the 

fish's circulatory system and cause death within 8 to 24 hours (Zhang et al 2016).  

Pseudomonas aeruginosa is a gram-negative bacterium, which is opportunistic in 

aquaculture systems that can cause liver damage to fish (Souza et al 2019). P. 

aeruginosa also can live in various environmental conditions, this characteristic allowing 

P. aeruginosa bacteria to become infectious agents (Lee & Zhang 2015). P. aeruginosa 

can produce various poisons with hydrolytic activity (Weiler et al 2022). In the process of 

infection, P. aeruginosa depends on virulence factors, which allows it to move, attach to 

host cells, avoid the immune response, and migrate within the organism (Gellatly & 

Hancock 2013; Hilliam et al 2020). 

Vibrio alginolyticus is a pathogen that causes vibriosis in fish species. V. 

alginolyticus bacteria has been associated with several diseases in fish and shrimp 



AACL Bioflux, 2023, Volume 16, Issue 1. 

http://www.bioflux.com.ro/aacl 592 

aquaculture and has caused huge economic losses (Liu et al 2017). Vibrio sp. bacteria 

causes disease in tiger prawns, with clinical symptoms of abnormal swimming and 

decreased appetite (Feliatra et al 2018). Epizootic disease begins with clinical signs 

followed by an acute death. The infection causes bleeding in the gastric mucosa. 

Histologically, the gastric mucosa undergoes necrosis in Rachycentron canadum fish 

(Rameshkumar et al 2017). 

Antibiotics are widely used in aquaculture. The use of antibiotics to treat bacterial 

diseases can result in antibiotic residues left behind in aquatic products and bacterial 

resistance (Chen et al 2020; Rodriguez-Mozaz et al 2020). So, it is necessary to look for 

natural antibacterial compounds derived from microorganisms. Many marine 

microorganisms produce compounds that have biological activity (Gozari et al 2021). 

Several species of Bacillus bacteria can produce antibacterial compounds such as Bacillus 

pumilus. It produces compounds amicoumacin A, amicoumacin B, phosphoamicoumacin 

A and phosphoamicoumacin B (Zidour et al 2017). Bacillus amyloliquefaciens produces 4 

types of compounds (Chakraborty et al 2018). Bacillus subtilis MTCC 10403 produces 4 

types of compounds (Chakraborty et al 2017). Bacillus sp. produce pumilacidin 

compounds (Xiu et al 2017). This research is a continuation of previous research (Setiaji 

et al 2020) which aims to characterize the JS4-E-01 compound produced by the Bacillus 

sp. strain JS4 bacteria, which has the potential to inhibit the growth of pathogenic 

bacteria. 

 

Material and Method 

 

Extraction and isolation. This study was conducted in May-November 2020. The 

heterotrophic microscopic organisms were gathered from ocean waters in Sungai Pakning 

Bengkalis Regime Riau Area Indonesia (North scope 01o 21'36,8" and East longitude 102o 

09'34,1"). Bacillus sp. strain JS4 bacterium was sourced from the sea water and 

registered on NCBI GenBank (Setiaji et al 2020). 12 liters of Bacillus sp. strain JS4 

bacterium was cultured for 7 days, then extracted using ethyl acetate. The filtrate was 

then steamed using rotary evaporator at 40°C to a thick consistency. The extract was 

isolated using flash chromatography. The following sequence is how to get the 

compound: first extract ethyl acetate in a column using silica gel 60. Then it is eluted 

with mobile phase with polarization level of n-hexane: ethyl acetate (9:1 to 10:0), ethyl 

acetate: methanol (9:1 to 10:0) for 200 ml. The absorbance of the compound was 

measured with ultraviolet (UV) spectroscopy. The compound was dissolved in methanol 

(HPLC grade), then injected through the injection sample, the mobile phase (acetonitrile-

MeOH) was to bring the sample to move through the chromatography column which was 

a stationary phase. FT-IR scpectroscopy was used to find the functional groups in the 

compound. 1 mg of the compound was crushed with KBr homogenously and the infrared 

absorbance was measured at wavelength of 4500-450 cm. 2 mg of pure compound was 

dissolved with CDCL3 for the measurement of analytic NMR (Nuclear Magnetic Resonance) 

spectroscopy, then 1H NMR at 500 MHz frequency and 13C NMR at 125 MHz frequency. 

 

Inhibitory activity of compound JS4-E-01. Compound JS4-E-01 was tried with V. 

algynolyticus, A. hydrophila and P. aeruginosa microbe microscopic organisms by agar 

dispersion strategy, paper plate with distance across of 6 mm was utilized (Feliatra et al 

2018). The procedure is as per the following: 1 mL of inocullent microbe microorganisms 

(OD 600nm = 0.08-0.1) was moved to 15 mL fluid agar supplement media to be 

vaccinated at 50oC, then, at that point, homogenized and poured onto a Petri dish. After 

the media loaded up with refined microbe microscopic organisms cemented, 

oxytetracyclin antimicrobial paper circle was utilized at positive control. 30 µL of 

methanol was dropped onto a paper circle and was utilized as bad control. 1 mg/mL JS4-

E-01 compound was broken down with methanol, then, at that point, 30 µL was dropped 

onto a paper circle, then it was incubated at 30oC for 24 hours. The restraint capacity of 

JS4-E-01 was estimated from the width of the straightforward zone conformed to the 

plate.  
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Statistical analysis. Information recorded was dissected spellbindingly by contrasting 

the size of the straightforward zone framed by the standards of the hindrance of the 

antibacterial compound. 

 

Results and Discussion 

 

Structure characterization. For the result of secondary metabolite of Bacillus sp. strain 

JS4 bacterium isolation, 3 mg of white crystal was collected and given the code JS4-E-01. 

The ultraviolet spectroscopy measurement on the JS4-E-01 compound shown maximum 

absorbance on wave 258 and 211 nm. The infrared spectrum on JS4-E-01 shown that 

there was absorbance ribbon on 3203 cm-1, presence of the O-H functional group, 2896 

cm-1, presence of the C-H functional group, 1732 cm-1 presence of the C=O functional 

group, 1645 cm-1 presence of the C=C functional group, and 1236 cm-1 presence of the 

C-O functional group. 

The characterization of JS4-E-01 using NMR (Nuclear Magnetic Resonance) 

spectroscopy with 500 MHz frequency for 1H NMR and 125 MHz for 13C NMR, using CD3OD 

as a dissolvent. 1H NMR spectrum showed that JS4-E-01 has 10 hydrogen atoms that is 

in chemical shift δH 7.39 (1H); 5.60 (1H); 3.37 (4H); 2.58 (4H). Spectrum of 13C NMR 

showed that JS4-E-01 compound has 8 carbon atoms at the chemical shift δC 173.4; 

167.3; 143.6; 101.7; 36.9; 31.3. At chemical shifts 7.39 and 5.60 shown double signal 

with one proton integration, the indication was the presence of protons from the double 

bond with J=7.6 Hz. This proton was bonded with a different C atom, which was at C4 

(164.3 ppm) and C5 (143.6 ppm) (Table 1).  

 

Table 1 

Interpretation of H NMR and C NMR chemical shift of JS4-E-01 compound  

 

No δ C (ppm) δ H (ppm) 

1 101.7 3.37 (t)    J = 6.8    (2H) 

2  36.9 2.61 (t)    J = 6.9    (2H) 

3 173.4                - 

4 164.3 7.39 (d)   J = 7.6    (1H) 

5 143.6 5.60 (d)                 (1H) 

6 173.4                - 

7   31.3             2.58 (t)                  (2H) 

8 101.7             3.37 (t)                  (2H) 

 

According to the COSY spectrum it can be seen the correlation of H-1 (δH 3.37) with H-2 

(δH 2.61); H-4 (δH 7.39) with H-5 (δH 5.60) and H-7 (δH 2.58) with H-8 (δH 3.37) (Figure 

1). 

 

 
Figure 1. COSY correlation of JS4-E-01 compound. 

 

Based on the infrared spectrum data analysis, NMR spectrum result, and COSY result, it 

can be identified that JS4-E-01 compound is N-[2-(3-hydroxypropanoyl)ethenyl]3-

hydroxypropanamide (Figure 2). 
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Figure 2. Structure of JS4-E-01 compound N-[2-(3-hydroxypropanoyl)ethenyl]3-

hydroxypropanamide. 

 

JS4-E-01 compound on pathogen bacteria. JS4-E-01 compound was a result of 

secondary metabolite isolation JS4 (Bacillus sp.) bacterium tested on pathogen bacteria 

which affects the fish ecosystem which are V. alginolyticus, A. hydrophila and P. 

aeruginosa. The inhibition ability of JS4-E-01 compound differed to each pathogen 

bacteria, it can be seen from the transparent zone around the paper disc that has been 

dropped with the compound. The transparent zone formed was caused by the activity of 

JS4-E-01 compound by pushing back the growth of the pathogen bacteria. The highest 

inhibition ability done by the JS4-E-01 was to V. alginolyticus for 13.3 mm (Table 2).                       

     

Table 2 

Inhibition test of JS4-E-01 on pathogen bacteria 

 

Compound 
Inhibition zone diameter (mm) 

A. hydrophila P. aeruginosa V. alginolyticus 

JS4-E-01 10.5 ± 0.07 12.3 ± 0.35 13.3 ± 0.35 

 

The better inhibition against the growth of pathogen bacteria was caused by the presence 

of functional groups O-H (hydroxyl), C=O (carbonyl), and C=C (double bond) that can 

inhibit the growth of microbes. Every compound was able to affect the antibacterial 

activity with the presence of activation and functional groups such as hydroxyl that 

caused the death to the bacteria. Fitriana and Prabawati (2018) stated that the hydroxyl 

functional group in the compound was able to create a toxic effect through organic 

component and nutritional transfer on the bacteria. 

Voet and Voet (2010) stated that hydroxyl ion induction acted with cell membrane 

and component such as mitochondria that cause irreversible change inside the bacteria’s 

structure. This caused the elimination of biological enzyme activity and disturbance in the 

cellular metabolism.  

N-[2-(3-hydroxypropanoyl)ethenyl]3-hydroxypropanamide that was produced by 

heterotrophic bacterium Bacillus sp. strain JS4 was able to strongly inhibit the growth of 

pathogen bacteria. A number of research reported that Bacillus sp. bacteria were able to 

produce antimicrobial compounds. Xiu et al (2017) stated that Bacillus sp. bacteria were 

able to produce pumilacidin compounds. Pumilacidin has antibacterial activity toward 

gram negative pathogen bacteria. 

Bacillus subtilis MTCC 10403 that was isolated from brown seaweed Anthophycus 

longifolius produced a compound that had potential as an antibacterial against Vibrio 

parahaemolyticus, V. vulnificus, and Aeromonas hydrophila pathogen bacteria 

(Chakraborty et al 2018). Bacillus amyloliquefaciens bacterium that was isolated from 

Padina gymnospora seaweed produced a compound that has antibacterial activity against 

Aeromonas hydrophila, Vibrio harveyi, Vibrio vulnificus and Vibrio parahaemolyticus 

bacteria (Chakraborty et al 2017). Zidour et al (2017), stated Bacillus pumilus bacterium 

produced amicoumacin compound which structurally has pharmacology characteristics 

such as antibacterial, anti-inflammatory, and antiulcer. 
 

Conclusions. Bacillus sp. strain JS04 bacterium delivered N-[2-(3-

hydroxypropanoyl)ethenyl]3-hydroxypropanamide compound. This compound had the 

option to repress the development of Aeromonas hydrophila, Pseudomonas aeruginosa 

and Vibrio alginolyticus. 
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