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Abstract 

 

Vibrio vulnificus, Vibrio parahaemolyticus and Vibrio harveyi have been found in aquatic environments and 

suspected as the primary trigger of WFD (White Feces Disease) outbreaks in aquaculture. This Vibrio spp. has an 

antibiotic resistance to Ampicillin, Co-Amoxiclav, Amoxicillin, Azithromycin, Actinobacteria and Ciprofloxacin HCL. 

Actinobacteria and alginate have been reported to increase the marine biota resistance against diseases through 

prebiotic and probiotic mechanisms. This study aims to discover and increase the secondary metabolite 

production of Actinobacteria-Alginate and its ability as anti-vibrio. Alginate extraction in the samples dated 

September 2020 originally from Teluk Awur Bays, Jepara, Central Java, Indonesia (33.73±1.84%) was 

considerably higher than in May 2021 (22.67±0.3%). Samples were taken from sediment and mangrove root. 

Actinobacteria strains are macroscopically and microscopically similar to the genus Streptomyces. The most well-

known antibiotics were produced by Streptomyces spp. The anti-vibrio test was carried out by Kirby-Bauer disc 

diffusion. The results were observed by measuring the inhibition zone surrounding the paper disc using a digital 

calliper. Co-culture strain 90 together with alginate have an approved antibacterial activity against all Vibrio spp. 

in the concentration of 10.disc-1 mg and 5 mg.disc-1. Co-culture Actinobacteria with alginate has remarkably 

changed the green-yellow color to olive green/dark red-orange (strains 3, 62, 63, 72, and 90), indicating the 

transformation of the formation alginate with pigments into other compounds through the biosynthetic pathway. 

Therefore, alginate enables to support of Actinobacteria by induction the active secondary metabolite as an anti-

vibrio to counteract the bacterial pathogen diseases. 
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Introduction 
 

Vibrio spp. live in the high tolerate salinity of 

aquatic environments (Lee et al., 2018) and mostly 

pathogens (Baker-Austin et al., 2018). Vibrio 

vulnificus (Jones and Oliver, 2009), Vibrio 

parahaemolyticus (Yeung and Boor, 2004; 

Letchumanan et al., 2014), and Vibrio harveyi (Liuxy 

et al., 1996; Xu et al., 2017) are pathogens. 

Predominated of Vibrio spp. instead of Alteromonas 

sp. and Pseudoalteromonas sp. caused White Feces 

Disease (WFD) outbreaks in the Pacific Penaeus 

vannamei (Alfiansah et al., 2020) shrimp.  

 

FAO data from 1998-2018 shows that the 

shrimp family has exported around 1,860,820-

4,675,650 tons with a 5.58-5.64 USD.kg-1 selling 

price. Total production in 2012 was 3,349,620 and 

increased to 3,455,260 tons in 2018. Other data 

from FAO shows that cultivation yields reached 

4,064,000 tons (12,394 million USD) in 2012 and 

increased to 6,004,000 tons (15,549 million USD) 

in 2018 (FAO, 2020). On the other hand, disease 

losses of AHPND and WSSV shrimp (Asia) in 2015 

were as big as more than 26 million USD and more 

than 11 million USD, respectively (Shinn et al., 

2018). The bioeconomic model was used to see the 

impact of AHPND on the production of Litopenaeus 

vannamei. The seven worst-case scenarios of 

increasing severity are very extreme, with an average 

loss of -727.56 USD.ha-1, a benefit/cost ratio of 

0.52 with a probability loss of 95.9% (Estrada-Perez 

et al., 2020).  

 

Overuse of antibiotics in shrimp culture will 

lead to resistance (Davies and Davies, 2010). Schar 

et al. (2020) reported that people antibiotic 

consumption in the world in 2017 was 10,259 tons 

and tend to increase up to 33% (13,600 tons) in 

2030. The Asia-Pacific region has the largest global 

antibiotic consumption (93.8%), and China 
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contributed at 57.9%. Antimicrobial consumption per 

species group were catfish 157 mg kg-1 (UI 9-2751); 

tilapia 59 mg kg-1 (UI 21-169); shrimp 46 mg kg-1 (UI 

10-224). Due to its resistance, so, therefore, the 

cultivars have to activate their immune system to 

survive. Prophylactic action with natural, 

environmentally friendly marine seaweed 

(Sargassum sp.) is an alternative solution. The 

application of prebiotic immunostimulants as natural 

ingredients, namely alginate (Yudiati et al., 2016), 

have been reported. 

 

Alginate is extracted from brown algae, ie. 

Sargassum sp. (Yudiati and Isnansetyo, 2017) and 

Padina sp. (Yudiati et al., 2020). Alginate has been 

shown to the increase non-specific immunity of 

shrimp (Yudiati et al., 2016; Yudiati et al., 2019) and 

is capable of improving the resistance to diseases 

such as V. parahaemolyticus infection (Cheng and 

Yu, 2013), V. harveyi (Jiang et al., 2017), V. 

alginolyticus (Cheng et al., 2004; Cheng et al., 2005; 

Cheng et al., 2007; Cheng et al., 2008),  

Streptococcus agalactiae (Van Doan et al., 2016), S. 

iniae (Harikrishnan et al., 2011), White Spot 

Syndrome Virus (WSSV) (Yudiati et al., 2019), 

Streptococcus sp. and Iridovirus (Yeh et al., 2008), 

respectively.   

 

 Probiotic bacteria are biological control 

agents in aquaculture (Verschuere et al., 2000), 

which functionally strengthen the role of prebiotic 

alginate (Hindu et al., 2018). In addition, the role of 

bacteria can also be used as alginate lyase (Wong et 

al., 2000; Kim et al., 2011; Zhu and Yin, 2015). 

Other studies have shown that Streptomyces sp. 

RL8 has a positive effect, similar to other known 

probiotics, namely Lactobacillus graminis and 

Bacillus spp. against Vibrio sp. (Mazón-Suástegui et 

al., 2020). Actinobacteria have been applied as 

probiotic bacteria in aquaculture (Das et al., 2008) 

with anti-vibrio abilities (You et al., 2005; You et al., 

2007). Furthermore, Actinobacteria were also 

performed as the antibacterial, anti-fungal, anti-

tumor, cytotoxicity, cytostatic, antiparasitic, anti-

malarial, anti-viral, anti-inflammatory, antioxidant, as 

well as anti-angiogenesis (Manivasagan et al., 

2014). This study aims to discover and increase the 

secondary metabolite production of Actinobacteria-

Alginate co-culture as an anti-vibrio. 

 
 

Materials and Methods 
 

Sample brown seaweed  

 

Sargassum sp. as the source of alginate were 

collected at two different times, September 2020 

and May 2021, at Teluk Awur Bays, Jepara, Central 

Java, Indonesia. 

Strain bacteria 

 

Vibrio spp. and Actinobacteria used in this 

study were obtained from the collection of the 

Biology Laboratory of the Faculty of Fisheries and 

Marine Science, Diponegoro University. The Vibrio 

bacteria isolated directly from shrimp ponds were 

Vibrio parahaemolyticus, Vibrio vulnificus, and Vibrio 

harveyi. In our previous study, it has been shown 

that Vibrio spp. has antibiotic resistance to 

Ampicillin, Co-Amoxiclav, Amoxicillin, Azithromycin, 

and Ciprofloxacin HCL (Yudiati et al., 2021). The 

actinobacteria used were derived from sediments 

(Strains 3, 14, 35, 45, and 46) and mangrove roots 

(Strains 62, 53, 64, 72, and 90). 
 

Characterization of Actinobacteria 
 

The Actinobacteria isolates used were 

observed for spore chain morphology. These were 

observed under the microscope with 400x 

magnification to examine the presence of spore 

chains and observe sporophores' nature (Priyanka et 

al., 2019).  
 

Screening of antivibrio 
 

Antivibrio screening was carried out by overlay 

method referring to Shetty et al. (2014). 

Actinobacteria were grown in Gauze no 1 medium 

(Atlas, 2010) for 72 h at 280C. This medium has a 

composition of 20.0g Soluble Starch, 1.0g KNO3, 

0.5g K2HPO4, 0.5g MgSO4, 0.5g NaCl, 0.01g FeSO4, 

and 30.0g agar. The medium for growing the test 

bacteria was Nutrient Broth (Merck, USA). After 

growing, the test bacteria were prepared for 16-20 h 

before being planted into a semi-solid with a final 

concentration of agar less than 0.5%. Then, it was 

poured on a petri dish containing Actinobacteria as 

thin as possible and incubated for 24 h at 280C. An 

inhibition zone will be formed on the side of 

Actinobacteria, indicating the antibacterial activities. 
 

Alginate extraction 
 

Alginate preparation was carried out using the 

sodium alginate pathway referred by Yudiati and 

Isnansetyo (2017).  
 

Fermentation Actinobacteria with sodium alginate 
 

Actinobacteria fermentation was carried out 

in media with and without alginate. The media used 

were 1/10 gauze no 1 (Atlas, 2010), media 27 (Ding 

et al., 2015), and 0.3% sodium alginate (Wang et al., 

2013; Li et al., 2016). Media 27 contain of 2% 

soybean powder, 2% glucose, 0.3% CaCO3, and 0.5% 

NaCl. All fermented products were extracted with 

ethyl acetate, referring to Thirumurugan et al. 

(2018) with slight modifications. The supernatant 
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was extracted with an equal volume of ethyl acetate 

(1:1). The supernatant was separated from the 

mycelia using centrifugation (5000 rpm) for 15 mins 

and filtered (Whatman No.1). We collected 400 mL 

of the supernatant and then concentrated it with a 

rotary evaporator (500C). 

 

Antivibrio tests 

 

The compound was carried out by Kirby-Bauer 

disc diffusion test (Bauer et al., 1966) with 

Whatman, no. 3 as paper disk filter (Valgas et al., 

2007). Mueller-Hinton Agar (Merck) was used as a 

test medium containing 300.0 g beef infusion, 17.5 

g acid hydrolysate of casein, 1.5 g starch and 17.0 g 

agar (Mueller and Hinton, 1941; Atlas, 2010). 

Bacterial density in Nutrient broth (Merck) was 

adjusted to the standard 0,5 McFarland (1-2 x 108 

CFU). The final concentration of the extract on the 

paper disc were 10, 5 and 1 mg.disc-1. 

 

Twenty mL of MHA in the petri dish was 

poured and waited until hardened. The bacterial 

cultured was then swabbed on the MHA surface and 

dry for 3-5 min (Bauer et al., 1966). We put three 

paper discs as repetitions into a petri dish (Radjasa 

et al., 2007), followed by incubation at 370C for 24 h 

(Jiang et al., 2018). Gentamicin (10 µg.disc-1) and 

ethyl acetate was used for positive and negative 

control. These results were observed by measuring 

the inhibition zone surrounding the paper disc using 

a digital calliper. 

 

Result and Discussion 
 

Alginate extraction 

 

The Alginate yield from Sargassum sp. in 

September 2020 was higher than in May 2021 

samples (Table 1). In Teluk Awur Bays, September is 

the peak season, while in May 2021, the growth of 

natural Sargassum sp. began. The smaller thallus 

width indicated this. Research by Bertagnolli et al. 

(2014) showed that alginate yield from S. filipendula 

seaweed collected during the autumn and spring 

were 17.0±0.1% and 17.2±0.3%, respectively. 

Meanwhile, the algae collected during the summer 

heat showed a lower amount (15.1±0.1%). 

Suboptimal growth had been confirmed. Algae 

collected during summertime (February) are 

characterized by their reproductive period. Summer 

algae showed lower alginate amounts in branches 

and stems (15.1%). The study by Zubia et al. (2008) 

on Sargassum mangarevense and Turbinaria ornata 

showed a significant interaction between seasonal 

factors and species that indicate seasonal varies. 

Another study by (Otaola et al., 1969) on acid 

alginate at the reproductive and vegetative stages 

found S. vulgare and S. polyceratium. Acid alginate 

yield at the reproductive stage was lower when 

compared to the vegetative stage. In terms of the 

extraction method, the best yield values are 

recorded after 5 h of extraction at 60 or 800C. The 

value was 40% higher than the extraction yield at 

250C (Torres et al., 2007). The effect of temperature 

has also been confirmed by (Davis et al., 2004) at 

800C. S. fluitans from the Atlantic Ocean and S. 

oligocystum from Goold Island yielded up to 20.5% 

with alkaline methods at 800C. 

 

Characterization of Actinobacteria 

 

Actinobacteria have several types of 

macroscopic and microscopic characteristics. 

Macroscopic and microscopic characterization of 

Actinobacteria strain is presented in Table 2. All the 

Actinobacteria strains contain spores. 

Microscopically, these isolates were dominated by 

spiral shapes. A few verticillate spores and 

rectiflexibiles spore chains have appeared. Based on 

this, all the Actinobacteria are characterized to 

Streptomyces sp. (Nomi, 1960; Williams and Davies, 

1967; Tashiro et al., 1990; Nomi, 1992). 

 

Screening of antivibrio  

 

Screening Antivibrio had negative and positive 

results (Figure 1). All test results are presented in 

Table 3. In 50 years, there are more than 10.100 

natural compounds of antibiotics produced from 

filamentous Actinomycetales and dominated 

by Streptomyces spp. (7.600 compounds) and rare 

Actinomycetes (2.500). Actinobacteria have 

represented the most significant part microbial 

bioactive metabolite (45%) from the known 22.500 

antibiotics from microbes during this period. 

Amongst those, only 1% (150 compounds) have 

been developed into drugs (Berdy, 2005).  

 

Based on the results, Table 3 demonstrates 

that Strain 3, 62, 63 dan 90 has antibacterial 

activity against all Vibrio spp. On the other hand, 

merely strain 72 is resistant against all Vibrio spp. 

and some variation from other results. S. 

californicus strains MNM-1400 from marine 

sediments (10 shrimp farms) showed antivibrio 

activity against V. alginolyticus, V. anguillarum, V. 

harveyi, and V. parahaemolyticus (Gozari et al., 

2016). Seven isolates of Streptomyces sp. from 

sponges have abilities against V. harveyi, V. 

parahaemolyticus and V. alginolyticus (Dharmaraj, 

2011). Research by Sarveswari et al. (2020) found 

that Micromonospora sp. RMA46 (rare 

Actinobacteria) from mangrove soil has an anti-

infective against V. cholerae. Eighteen strains of 

Actinobacteria (Streptomyces, Nocardioides, and 

Glutamicibacter) from 8 samples of shrimp-pond 

water have antibacterial activity against V. 
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parahaemolyticus (Phuong and Diep, 2020). Other 

research by Su et al. (2014) found that 

Streptomyces sp. HSN054 and Nacardiopsis sp. 

HSN054 from specimens of the marine sponge 

Mycale sp. have the ability against V. diabolicus and 

V. parahaemolyticus. Actinobacteria associated with 

red algae Gelidiella acerosa have exhibited activity 

against V. alginolyticus (Ulfah et al., 2017; Ulfah et 

al., 2021) and V. parahaemolyticus (Ulfah et al., 

2021). 

 

Fermentation and extraction of Actinobacteria-

sodium alginate co-culture 

 

The fermentation (Figure 2A-C.) and extraction 

(Figure 2D.) were carried out for five days (Figure 2.). 

The different color of the ethyl acetate extract was 

shown from the fermentation using alginate and 

without alginate (Figure 2E-I). Generally, co-culture 

with the alginate has colors that are darker than the 

non-alginate extract. As shown in Figure 3, the 

alginate extract color was green-yellow (EtOAc and 

ethanol). EtOAc extract from water (WEE) and 

ethanol (EWE) extraction were dominant in yellow, 

while direct dried in ethanol (EtOH) was dominant in 

green. Crude extracts from alginate and fermented 

Actinobacteria are presented in Figure 4. EtOAc 

extract from water (WEE) and ethanol (EWE) was 

0.01 g in weight, while direct dried extract of ethanol 

(EtOH) was 0.18 g. All co-culture alginate extracts 

had a higher weight than without alginate. 

 

Sargassum sp. has many pigments, namely 

chlorophylls and carotenoids (Erulan et al., 2009; 

Yip et al., 2014). Fucoxanthin was identified as the 

carotenoid which presents in S. binderi (Yip et al., 

2014). Another study reported that  S. arnuticum 

was dominated by chlorophylls and xanthophyll, with 

some seasonal changes (Lewey and Gorham, 1984). 

It is postulated, that pigments can be trapped 

together with alginate during extraction. In this 

study, the color was changed from green-yellow to 

olive green/dark red-orange, pursuing formation 

from polar to semi or non-polar. Chlorophyll and 

Xantophyll are polar pigments (Schertz, 1928; 

Schertz, 1938), while xanthophylls are polar 

carotenoids containing the essential pigment called 

lutein (yellow) and zeaxanthin (orange) (Grudzinski 

et al., 2017). In this study, there was some 

indication that the pigments turn to beta carotene 

(yellow) or astaxanthin/ echinenone/ adonirubin/ 

chataxantine/ adhonaxantin (orange-dark orange) 

(Minyuk and Solovchenko, 2018) and increased the 

carotenoids (provitamin A) content (Provitamin A) 

(Yao et al., 2018). Dambek et al. (2012) reported 

another carotenoid biosynthesis pathway in 

Phaeodactylum tricornutum from beta-carotene to 

diadinoxanthin and fucoxanthin end products. 

Several types of bacteria, such as Massilia sp., can 

produce fucoxanthin (Shen et al., 2018). 

Fucoxanthin is brown or olive-green color (Miyashita 

et al., 2011). EtOAc and EtOH (1:1, v/v) were the 

best extraction solvent to carry out Astaxanthin (Liu 

et al., 2011). Streptomyces sp. has cellulase-

producing for bioethanol production (Hsu et al., 

2011). Astaxanthin has a polar-nonpolar structure 

(Stachowiak and Szulc, 2021). The biosynthesis of 

xanthophylls derives from the synthesis of non-polar 

carotenoids such as beta-carotene, astaxanthin and 

fucoxanthin (Alcaino et al., 2014).  

 

This present study strongly indicated that 

Streptomyces sp. strains 3, 62, 63, 72 and 90 can 

use pigments and alginate polysaccharides for 

fermentation as a pathway for biosynthesis. 

Supporting this fact, S. griseus using plasmids and 

genetic techniques for gene crtU that assigns to 

encode a unique desaturase responsible for 

converting L-carotene via L-isorenieratene to 

isorenieratene by a desaturation/ methyl-

transferation mechanism (Krügel et al., 1999). In 

addition, a purified carotenoid fraction from S. 

coelicolor wild-type cells grown for two days under 

blue light illumination identified as beta-carotene 

and isorenieratene by HPLC analysis (Takano et al., 

2005). Other studies, Streptomyces sp. HJC-D1 can 

remove chlorophyll a (anti-cyanobacterial) (Kong et 

al., 2014). A similar result was strengthened by Hua 

et al. (2009) and Zhang et al. (2014) using S. 

grisovariabilis and S. alboflavus as anti-

cyanobacterial.  

 

Antivibrio test 

 

Antibacterial test against Vibrio spp. showed 

positive and negative results (Figure 5A) with 

positive and negative controls (Figure 5B). All 

extracts and negative controls had negative results 

except strains 90-Alg. Zone of inhibition against 

Vibrio spp. presented in Figure 6. The 90-Alg strain 

had positive results at concentrations of 10 mg and 

5 mg.disc-1 with different inhibition zones. During the 

screening, our study found that Streptomyces sp 

strains 3, 62, 63, and 90 had antibacterial activity 

against Vibrio spp. though the concentration was 

shallow. Strain 90 denoted that alginate was 

successfuly increased the antibacterial 

performance. Supporting facts was reported. After 

adding mannan oligosaccharides at 24 h, the 

maximum increase in specific productivity of 

penicillin G compared to control cultures was 130% 

(Ariyo et al., 1998). Another similar research was 

done by Asilonu et al. (2000). The researchers 

added 50 to 100 g.ml-1 acid hydrolyzed alginic 

oligosaccharides and enzyme hydrolyzed pectin 

oligosaccharides to the Penicillium chrysogenum 

culture. This co-culture increased chrysogenin 

production by more than 30 to 40% in shaken flasks 
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and bioreactors. Another study was also showed that 

alginate oligosaccharides extracted from brown 

algae (Sargassum sp.) act as alginate-derived 

elicitors on beta-glucan production in cauliflower 

mushrooms (Sparassis latifolia). Some 

oligosaccharides also promote biomass formation 

but are not used as a carbon source (Kim et al., 

2020).  

 

Fosfomycin is an antibiotic from Streptomyces 

sp. One of the antibacterials targetted to the 

bacterial cell wall is Phosphonic Acid (Fosfomycin) 

(Hendlin et al., 1969). Fosfomycin is bactericidal 

that inhibits the biosynthesis of peptidoglycan in 

gram-positive and harmful bacteria (Kahan et al., 

1974; Skarzynski et al., 1996; Karadb  et al., 2014). 

This antibiotic acts as phosphoenolpyruvate (PEP) 

analog that will bind to an essential enzyme of 

peptidoglycan biosynthesis, namely MurA (UDP-

GlcNAc enolpyruvyl transferase) (Brown and Wright, 

2016). This then catalyzes the transfer of the 

enolpyruvyl moiety of PEP to the 3'-hydroxyl group of 

UDP-N- acetylglucosamine (UNAG) (Eschenburg et 

al., 2005). The formation of N-acetylmuramic acid 

from the reaction between N-acetyl-glucosamine and 

phosphoenolpyruvate, resulting in bacterial cell lysis 

and death (Castañeda-García et al., 2013; Sastry 

and Doi, 2016). In addition, antibiotics have 

mechanisms of action such as peptidoglycan 

synthesis, bacterial ribosomes (targeting the 30s 

subunit and 50s subunit), DNA (replication and 

transcription), folate biosynthesis, tRNA synthesis, 

and fatty acids acid and mycolic acid biosynthesis, 

bacterial membranes, and agents that exert 

pleiotropic effects or unknown effects (Lange et al., 

2007).  

 

Some studies have shown that feed enriched 

with three probiotic (Streptomyces sp. RL8, 

Lactobacillus graminis and Bacillus spp.) 

formulations resulting in a significant stimulation 

when challenged with V. parahaemolyticus due to 

the Bacterovorax population and other antimicrobial 

producing agents (Mazón-Suástegui et al., 2020). 

Furthermore, the hydrolysis of polysaccharides of 

actinobacteria suggests the potential of these 

microbes for industrial applications. Therefore, 

continuous studies on the identification and 

characterization of potential genes and their 

encoding enzymes targetting different industrial 

applications are required to develop sustainable and 

cost-effective production for commercialization 

(Salwan and Sharma, 2018). 

 

Conclusion 
 

Streptomyces spp. strain 90 with alginate co-

culture develop the anti-vibrio activity. The co-culture 

strains 3, 62, 63, 72, and 90 have remarkably 

changed the green-yellow color to olive green/dark 

red-orange, indicating alginate and pigments 

transformation to other compounds through the 

biosynthetic pathway. Therefore, alginate supports 

Actinobacteria to induce the active secondary 

metabolite as an anti-vibrio to counteract the 

bacterial pathogen diseases. 

 

Acknowledgement 
 

The authors would like to acknowledge 

funding from the Ministry of Research and Higher 

Education (contract no: 187-64/UN7.6.1/PP/2021), 

Indonesian Government.  

 

References 
 

Alcaino, J., Baeza, M., & Cifuentes, V., 2014, 

Astaxanthin and related xanthophylls. Springer, 

New York, NY.  187-208. doi: 10.1007/978-1-

4939-1191-2_9  

Alfiansah, Y.R., Peters, S., Harder, J., Hassenrück, C., 

& Gärdes, A. 2020. Structure and co-

occurrence patterns of bacterial communities 

associated with white faeces disease outbreaks 

in Pacific white-leg shrimp Penaeus vannamei 

aquaculture. Sci. reports. 10(1): 1-13. doi: 

10.1038/s41598-020-68891-6 

Ariyo, B., Tamerler, C., Bucke, C., & Keshavarz, T. 

1998. Enhanced penicillin production by 

oligosaccharides from batch cultures of 

Penicillium chrysogenum in stirred-tank 

reactors. FEMS Microbiol Lett. 166(1): 165-

170. doi: 10.1111/j.1574-6968.1998.tb131 98.x 

Asilonu, E., Bucke, C., & Keshavarz, T. 2000. 

Enhancement of chrysogenin production in 

cultures of Penicillium chrysogenum by uronic 

acid oligosaccharides. Biotechnol Lett. 22(11): 

931-936. doi: 10.1023/A:1005694415666  

Atlas, R.M., 2010, Handbook of microbiological 

media 4th Edition. CRC press.  1303-1304. doi: 

10.1201/EBK1439804063  

Baker-Austin, C., Oliver, J.D., Alam, M., Ali, A., Waldor, 

M.K., Qadri, F. & Martinez-Urtaza, J., 2018. 

Vibrio spp. infections. Nat. Rev. Dis. Primers., 

4(1): 1-9. doi: 10.1038/s41572-018-0005-8 

 

Bauer, A., Kirby, W., Sherris, J.C. & Turck, M. 1966. 

Antibiotic susceptibility testing by a 

standardized single disk method. Am. J. Clin. 

Pathol., 45: 493. doi: 10.1093/ajcp/45.4_ts. 

493 



  

  

ILMU KELAUTAN: Indonesian Journal of Marine Sciences December 2021 Vol 26(4):254-264 

Producing Active Secondary Metabolite Against Pathogenic Vibrio spp.(N. Azhar et al.) 259 

Berdy, J. 2005. Bioactive microbial metabolites. J. 

Antibiot., 58(1): 1-26. doi: 10.1038/ja.2005.1 

 

Bertagnolli, C., Espindola, A.P., Kleinübing, S.J., 

Tasic, L. & da Silva, M.G. 2014. Sargassum 

filipendula alginate from Brazil: seasonal 

influence and characteristics. Carbohydrate 

polymers. 111: 619-623. doi: 10.1016/j.carb 

pol.2014.05.024 

 

Brown, E.D. & Wright, G.D. 2016. Antibacterial drug 

discovery in the resistance era. Nature. 

529(7586): 336. doi: 10.1038/nature17042 

 

Castañeda-García, A., Blázquez, J. & Rodríguez-

Rojas, A. 2013. Molecular Mechanisms and 

Clinical Impact of Acquired and Intrinsic 

Fosfomycin Resistance. Antibiotics, 2(2): 217-

236. doi: 10.3390/antibiotics2020217 

 

Cheng, A.C., Chen, Y.Y. & Chen, J.C. 2008. Dietary 

administration of sodium alginate and kappa-

carrageenan enhances the innate immune 

response of brown-marbled grouper 

Epinephelus fuscoguttatus and its resistance 

against Vibrio alginolyticus. Vet. Immunol. 

Immunopathol., 121(3-4): 206-215. doi: 

10.1016/j.vetimm.2007.09.011 

 

Cheng, A.C., Tu, C.W., Chen, Y.Y., Nan, F.H. & Chen, 

J.C. 2007. The immunostimulatory effects of 

sodium alginate and iota-carrageenan on 

orange-spotted grouper Epinephelus coicoides 

and its resistance against Vibrio alginolyticus. 

Fish. Shellfish. Immunol., 121(3-4):206-215. 

doi: 10.1016/j.fsi.2006.04.009 

 

Cheng, W., Liu, C.H., Kuo, C.M. & Chen, J.C. 2005. 

Dietary administration of sodium alginate 

enhances the immune ability of white shrimp 

Litopenaeus vannamei and its resistance 

against Vibrio alginolyticus. Fish. Shellfish 

Immunol., 18(1): 1-12. doi: 10.1016/j.fsi.2004. 

03.002 

 

Cheng, W., Liu, C.H., Yeh, S.T. & Chen, J.C. 2004. The 

immune stimulatory effect of sodium alginate 

on the white shrimp Litopenaeus vannamei and 

its resistance against Vibrio alginolyticus. Fish 

Shellfish Immunol., 17(1): 41-51. doi: 

10.1016/j.fsi.2003.11.004 

 

Cheng, W. & Yu, J.S. 2013. Effects of the dietary 

administration of sodium alginate on the 

immune responses and disease resistance of 

Taiwan abalone, Haliotis diversicolor 

supertexta. Fish Shellfish Immunol., 34(3): 

902. doi: 10.1016/j.fsi.2012.12.020 

Dambek, M., Eilers, U., Breitenbach, J., Steiger, S., 

Büchel, C. & Sandmann, G., 2012. Biosynthesis 

of fucoxanthin and diadinoxanthin and function 

of initial pathway genes in Phaeodactylum 

tricornutum. J. Exp. Bot., 63(15): 5607-5612. 

doi: 10.1093/jxb/ers211 

 

Das, S., Ward, L.R. & Burke, C. 2008. Prospects of 

using marine actinobacteria as probiotics in 

aquaculture. Appl. Microbiol. Biotechnol., 

81(3): 419-429. doi: 10.1007/s00253-008-

1731-8 

 
Davies, J. & Davies, D. 2010. Origins and evolution 

of antibiotic resistance. Microbiol Mol. Biol. 

Rev., 74(3): 417-433. doi: 10.1128/mmbr.000 

16-10 

 
Davis, T.A., Ramirez, M., Mucci, A. & Larsen, B. 

2004. Extraction, isolation and cadmium 

binding of alginate from Sargassum spp. J. 

Appl. Phycol., 16(4): 275-284. doi: 10.1023/ 

B:JAPH.0000047779.31105.ec 

 
Dharmaraj, S. 2011. Antagonistic potential of 

marine actinobacteria against fish and shellfish 

pathogens. Turk. J. Biol., 35(3): 303-311. doi: 

10.3906/biy-1001-30 

 
Ding, L., Goerls, H., Dornblut, K., Lin, W., Maier, A., 

Fiebig, H.H. & Hertweck, C., 2015. 

Bacaryolanes A–C, rare bacterial caryolanes 

from a mangrove endophyte. J. Nat. Prod. 

78(12): 2963-2967. doi: 10.1021/acs.jnat 

prod.5b00674 

 
Erulan, V., Soundarapandian, P., Thirumaran, G. & 

Ananthan, G. 2009. Studies on the Effect of 

Sargassum polycystum (C .Agardh, 1824) 

Extract on the Growth and Biochemical 

Composition of Cajanus cajan (L.) Mill sp. Am. 

Eurasian. J. Agric. Environ. Sci. 6: 392-399.  

 

Eschenburg, S., Priestman, M. & Schönbrunn, E. 

2005. Evidence that the fosfomycin target 

Cys115 in UDP-N-acetylglucosamine enolpyruvyl 

transferase (MurA) is essential for product 

release. J. Biolog. Chem., 280(5): 3757-3763. 

doi: 10.1074/jbc.M411325200 

 

Estrada-Perez, N., Ruiz-Velazco, J.M.J. & Hernández-

Llamas, A. 2020. Economic risk scenarios for 

semi-intensive production of Litopenaeus 

(Penaeus) vannamei shrimp affected by acute 

hepatopancreatic necrosis disease. Aquac Rep. 

18: 100442. doi: 10.1016/j.aqrep.2020.1004 

42 



  

  

ILMU KELAUTAN: Indonesian Journal of Marine Sciences December 2021 Vol 26(4):254-264 

260 Producing Active Secondary Metabolite Against Pathogenic Vibrio spp.(N. Azhar et al.) 

FAO. 2020. FAO yearbook. Fishery and Aquaculture 

Statistics 2018/FAO annuaire. Rome/Roma.  

 

Gozari, M., Mortazavi, M., Bahador, N. & Rabbaniha, 

M. 2016. Isolation and screening of 

antibacterial and enzyme producing marine 

actinobacteria to approach probiotics against 

some pathogenic vibrios in shrimp Litopenaeus 

vannamei. Iran J. Fish. Sci., 15(2): 630-644. 

doi: 20.1001.1.15622916.2016.15.2.3.9  

 

Grudzinski, W., Nierzwicki, L., Welc, R., Reszczynska, 

E., Luchowski, R., Czub, J. & Gruszecki, W.I., 

2017. Localization and Orientation of 

Xanthophylls in a Lipid Bilayer. Scientific 

reports. 7(1): 9619-9629. doi: 10.1038/s4 

1598-017-10183-7 

 

Harikrishnan, R., Kim, M.C., Kim, J.S., Han, Y.J., Jang, 

I.S., Balasundaram, C. & Heo, M.S., 2011. 

Immunomodulatory effect of sodium alginate 

enriched diet in kelp grouper Epinephelus 

bruneus against Streptococcus iniae. Fish 

Shellfish Immunol., 30(2): 543-549. doi: 

10.1016/j.fsi.2010.11.023 

 

Hendlin, D., Stapley, E.O., Jackson, M., Wallick, H., 

Miller, A.K., Wolf, F.J., Miller, T.W., Chaiet, L., 

Kahan, F.M., Foltz, E.L. & Woodruff, H.B. 1969. 

Phosphonomycin, a new antibiotic produced by 

strains of streptomyces. Science, 166(3901): 

122-123. doi: 10.1126/science.166.3901.122 

 

Hsu, C.L., Chang, K.S., Lai, M.Z., Chang, T.C., Chang, 

Y.H. & Jang, H.D. 2011. Pretreatment and 

hydrolysis of cellulosic agricultural wastes with 

a cellulase-producing Streptomyces for 

bioethanol production. Biomass Bioenergy. 

35(5): 1878-1884. doi: 10.1016/j.biombioe. 

2011.01.031 

 

Hindu, S.V., Thanigaivel, S., Vijayakumar, S., 

Chandrasekaran, N., Mukherjee, A. & Thomas, 

J., 2018. Effect of microencapsulated probiotic 

Bacillus vireti 01-polysaccharide extract of 

Gracilaria folifera with alginate-chitosan on 

immunity, antioxidant activity and disease 

resistance of Macrobrachium rosenbergii 

against Aeromonas hydrophila infection. Fish 

Shellfish Immunol., 73: 112-120. doi: 10.101 

6/j.fsi.2017.12.007 

 

Hua, X.H., Li, J.H., Li, J.J., Zhang, L.H. & Cui, Y. 2009. 

Selective inhibition of the cyanobacterium, 

Microcystis, by a Streptomyces sp. Biotechnol 

Lett. 31(10): 1531-1535. doi: 10.1007/s105 

29-009-0051-0 

Jiang, Y., Jiang, X., Wang, P. & Hu, X. 2017. Effects of 

Alginate-Derived Oligosaccharides on Immune 

Ability of Farm-Cultured Shrimp Penaeus 

vannamei and Its Resistance to Vibrio harveyi. 

N. Am. J. Aquac., 79(4): 317-321. doi: 10.1080 

/15222055.2017.1365787 
 

J Jiang, Z.K., Tuo, L., Huang, D.L., Osterman, I.A., 

Tyurin, A.P., Liu, S.W., Lukyanov, D.A., Sergiev, 

P.V., Dontsova, O.A., Korshun, V.A. & Li, F.N., 

2018. Diversity, novelty, and antimicrobial 

activity of endophytic actinobacteria from 

mangrove plants in Beilun Estuary National 

Nature Reserve of Guangxi, China. Front. 

Microbiol., 9: p868. doi: 10.3389/fmicb.2018. 

00868 
 

Jones, M.K. & Oliver, J.D. 2009. Vibrio vulnificus: 

disease and pathogenesis. Infect. Immun. 

77(5): 1723-1733. doi: 10.1128/IAI.01046-08 
 

Kahan, F.M., Kahan, J.S., Cassidy, P.J. & Kropp, H. 

1974. The mechanism of action of fosfomycin 

(phosphonomycin). Ann. N. Y. Acad. Sci., 

235(1): 364-386. doi: 10.1111/j.1749-6632. 

1974.tb43277.x 
 

Karadb , A., Çaydi, Y., Bilgin, K., Günayein, M. & 

Eroglu, C. 2014. In vitro efficacy of fosfomycin 

against clinical strains. J. Microbiol. Infect. Dis., 

4: 55-58. doi: 10.5799/jmid.123038 
 

Kim, H.S., Lee, C.G. & Lee, E.Y. 2011. Alginate lyase: 

Structure, property, and application. Biotechnol 

Bioproc E. 16(5): 843-851. doi: 10.1007/ 

s12257-011-0352-8 
 

Kim, Y.W., Wu, Y., Choi, M.-H., Shin, H.J. & Li, J. 

2020. Alginate-Derived Elicitors Enhance β-

Glucan Content and Antioxidant Activities in 

Culinary and Medicinal Mushroom, Sparassis 

latifolia. J. Fungi. 6(2): p92. doi: 10.3390/ 

jof6020092 
 

Kong, Y., Zou, P., Miao, L., Qi, J., Song, L., Zhu, L. & 

Xu, X., 2014. Medium optimization for the 

production of anti-cyanobacterial substances by 

Streptomyces sp. HJC-D1 using response 

surface methodology. Environ. Sci. Pollut. Res. 

Int., 21(9): 5983-5990. doi: 10.1007/s11356-

014-2532-5 
 

Krügel, H., Krubasik, P., Weber, K., Saluz, H.P. & 

Sandmann, G. 1999. Functional analysis of 

genes from Streptomyces griseus involved in 

the synthesis of isorenieratene, a carotenoid 

with aromatic end groups, revealed a novel type 

of carotenoid desaturase. Biochimica et 

biophysica acta. 1439(1): 57-64. doi: 

10.1016/s1388-1981(99)00075-x 



  

  

ILMU KELAUTAN: Indonesian Journal of Marine Sciences December 2021 Vol 26(4):254-264 

Producing Active Secondary Metabolite Against Pathogenic Vibrio spp.(N. Azhar et al.) 261 

Lange, R.P., Locher, H.H., Wyss, P.C. & Then, R.L. 

2007. The targets of currently used 

antibacterial agents: lessons for drug discovery. 

Curr. Pharm. Des., 13(30): 3140-3154. doi: 

10.2174/138161207782110408 

 

Lee, L.-H., Ab Mutalib, N.-S., Law, J.W.F., Wong, S.H. 

& Letchumanan, V. 2018. Discovery on 

antibiotic resistance patterns of Vibrio 

parahaemolyticus in Selangor reveals 

carbapenemase producing Vibrio 

parahaemolyticus in marine and freshwater 

fish. Front. Microbiol., 9: p2513. doi: 

10.3389/fmicb.2018.02513  

 

Letchumanan, V., Chan, K.G. & Lee, L.H. 2014. 

Vibrio parahaemolyticus: a review on the 

pathogenesis, prevalence, and advance 

molecular identification techniques. Front. 

Microbiol., 5: p705. doi: 10.3389/fmicb.2014. 

00705 

 

Lewey, S., & Gorham, J. 1984. Pigment composition 

and photosynthesis in Sargassum muticum. 

Maret. Biol. 80(1): 109-115. doi: 10.1007/BF 

00393134 

 

Li, S., Wang, L., Hao, J., Xing, M., Sun, J. & Sun, M., 

2017. Purification and Characterization of a 

New Alginate Lyase from Marine Bacterium 

Vibrio sp. SY08. Mar. Drugs., 15(1). doi: 10.33 

90/md15010001 

 

Liu, X.J., Wu, Y.H., Zhao, L.C., Xiao, S.Y., Zhou, A.M. & 

Liu, X., 2011. Determination of astaxanthin in 

Haematococcus pluvialis by first-order 

derivative spectrophotometry. J. AOAC Int., 

94(6): 1752-1757. doi: 10.57 40/jaoacint.10-

177 

 

Liuxy, P.C., Lee, K.K. & Chen, S.N. 1996. 

Pathogenicity of different isolates of Vibrio 

harveyi in tiger prawn, Penaeus monodon. Lett 

Appl. Microbiol. 22(6): 413-416. doi: 10.1111/ 

j.1472-765X.1996.tb01192.x 

 

Mazón-Suástegui, J.M., Salas-Leiva, J.S., Medina-

Marrero, R., Medina-García, R. & García-Bernal, 

M. 2020. Effect of Streptomyces probiotics on 

the gut microbiota of Litopenaeus vannamei 

challenged with Vibrio parahaemolyticus. 

Microbiol. Open. 9(2): p.e967. doi: 10.1002/ 

mbo3.967 

 

Minyuk, G.S. & Solovchenko, A.E. 2018. Express 

Analysis of Microalgal Secondary Carotenoids 

by TLC and UV-Vis Spectroscopy. Methods Mol. 

Biol., 1852: 73-95. doi: 10.1007/978-1-4939-

8742-9_4 

Miyashita, K., Nishikawa, S., Beppu, F., Tsukui, T., 

Abe, M. & Hosokawa, M. 2011. The allenic 

carotenoid fucoxanthin, a novel marine 

nutraceutical from brown seaweeds. J. Sci. 

Food Agric., 91(7): 1166-1174. doi: 10.1002/ 

jsfa.4353 

 

Mueller, J.H. & Hinton, J. 1941. A protein-free 

medium for primary isolation of the 

Gonococcus and Meningococcus. Proc. Soc. 

Exp. Biol. Med., 48(1): 330-333. doi: 

10.3181%2F00379727-48-13311 

 

Nomi, R. 1960. On the Classification of 

Streptomyces. J. Antibiot., 13(4): 236-247. doi: 

10.11554/antibioticsa.13.4_236 

 

Nomi, R. 1992. Together with Streptomyces for 

Thirty-five Years. Nippon Hosenkin Gakkaishi. 

6(2): 113-118. doi: 10.3209/saj.6_113 

 

Otaola, N.E.A.D., Díaz-Piferrer, M. & Graham, H. 

1969. Seasonal Variations and Anatomical 

Distribution of Alginic Acid in Sargassum spp. 

Found Along the Coasts of Puerto Rico. J. Agric. 

Univ. P. R., 67: 464-475. doi: 10.46429/jaupr. 

v67i4.7741 

 

Phuong, T.V. & Diep, C.N. 2020. Isolation and 

Selection of Actinobacteria Against Pathogenic 

Bacteria From Shrimp Pond Water on Duyen 

Hai District, Tra Vinh Province, Vietnam. Int. J. 

Environ. Agric. Res., 6(8): 19-26 doi: 10.5281/ 

zenodo.4009013 

 

Priyanka, S., Jayashree, M., Shivani, R., Anwesha, S. 

& Rao, K.B. 2019. Characterisation and 

identification of antibacterial compound from 

marine actinobacteria: In vitro and in silico 

analysis. J Infect Public Health. 12(1): 83-89. 

doi: 10.1016/j.jiph.2018.09.005 

 

Radjasa, O.K., Salasia, S.I.O., Sabdono, A., Wiese, J., 

Imhoff, J.F., Lämmler, C. & Risk, M.J. 2007. 

Antibacterial Activity of Marine Bacterium 

Pseudomonas sp. Associated with Soft Coral 

Sinularia polydactyla against Streptococcus 

equi Subsp. zooepidemicus. Int. J. Pharmacol., 

3: 170-174. doi: 10.3923/ijp.2007.170.174 

 

Salwan, R. & Sharma, V., 2018, Chapter 11 - The 

Role of Actinobacteria in the Production of 

Industrial Enzymes. in New and Future 

Developments in Microbial Biotechnology and 

Bioengineering, ed B. P. Singh, V. K. Gupta, & A. 

K. Passari (Elsevier, 165). 

 

Sarveswari, H.B., Kalimuthu, S., Shanmugam, K., 

Neelakantan, P. & Solomon, A.P. 2020. 



  

  

ILMU KELAUTAN: Indonesian Journal of Marine Sciences December 2021 Vol 26(4):254-264 

262 Producing Active Secondary Metabolite Against Pathogenic Vibrio spp.(N. Azhar et al.) 

Exploration of Anti-infectives From Mangrove-

Derived Micromonospora sp. RMA46 to Combat 

Vibrio cholerae Pathogenesis. Front. Microbiol., 

11: p.1393. doi: 10.3389/fmicb.2020.01393 

 

Sastry, S. & Doi, Y. 2016. Fosfomycin: Resurgence of 

an old companion. J. Infect. Chemother., 22(5): 

273-280. doi: 10.1016/j.jiac.2016.01.0 10 

 

Schar, D., Klein, E.Y., Laxminarayan, R., Gilbert, M. & 

Van Boeckel, T.P. 2020. Global trends in 

antimicrobial use in aquaculture. Scientific 

reports. 10(1): 21878-21887. doi: 10.1038/ 

s41598-020-78849-3 

 

Schertz, F.M. 1928. The Extraction And Separation 

Of Chlorophyll (Alpha+Beta) Carotin And 

Xanthophyll In Fresh Green Leaves, Preliminary 

To Their Quantitative Determination. Plant. 

Physiol., 3(2): p.211. doi: 10.1104/pp.3.2.211 

 

Schertz, F.M. 1938. Isolation of chlorophyll, cartene, 

and xanthophyll by improved methods. Ind. 

Eng. Chem., 30(9): 1073-1075. doi: 

doi.org/10.1021/ie50345a030 

 

Shen, L., Liu, Y., Wang, N., Jiao, N., Xu, B. & Liu, X. 

2018. Variation with depth of the abundance, 

diversity and pigmentation of culturable 

bacteria in a deep ice core from the Yuzhufeng 

Glacier, Tibetan Plateau. Extremophiles, 22(1): 

29-38. doi: 10.1007/s00 792-017-0973-8 

 

Shetty, P.R., Buddana, S.K., Tatipamula, V.B., Naga, 

Y.V. & Ahmad, J. 2014. Production of 

polypeptide antibiotic from Streptomyces 

parvulus and its antibacterial activity. Braz. J. 

Microbiol., 45(1): 303-312. doi: 10.1590/s15 

17-83822014005000022 

 

Shinn, A.P., Pratoomyot, J., Griffiths, D., Trong, T.Q., 

Vu, N.T., Jiravanichpaisal, P. & Briggs, M. 2018. 

Asian shrimp production and the economic 

costs of disease. Asian Fish Sci. S., 31: 29-58. 

doi: 10.33997/j.afs.2018.31.S1.003 

 

Skarzynski, T., Mistry, A., Wonacott, A., Hutchinson, 

S.E., Kelly, V.A. & Duncan, K.,1996. Structure of 

UDP-N-acetylglucosamine enolpyruvyl 

transferase, an enzyme essential for the 

synthesis of bacterial peptidoglycan, complexed 

with substrate UDP-N-acetylglucosamine and 

the drug fosfomycin. Structure, 4(12): 1465-

1474. doi: 10.1016/ s0969-2126(96)00153-0 

 

Stachowiak, B. & Szulc, P. 2021. Astaxanthin for the 

Food Industry. Molecules, 26(9): p.2666 doi: 

10.3390/molecules26092666 

Su, P., Wang, D.X., Ding, S.X. & Zhao, J. 2014. 

Isolation and diversity of natural product 

biosynthetic genes of cultivable bacteria 

associated with marine sponge Mycale sp. from 

the coast of Fujian, China. Can. J. Microbiol., 

60(4): 217-225. doi: 10.1139/cjm-2013-0785 
 

Takano, H., Obitsu, S., Beppu, T. & Ueda, K. 2005. 

Light-induced carotenogenesis in Streptomyces 

coelicolor A3(2): identification of an 

extracytoplasmic function sigma factor that 

directs photodependent transcription of the 

carotenoid biosynthesis gene cluster. J 

Bacteriol. 187(5): 1825-1832. doi: 10.1128/ 

jb.187.5.1825-1832.2005 
 

Tashiro, N., Miyashita, K. & Suzui, T. 1990. 

Taxonomic studies on the Streptomyces 

species, isolated as causal organisms of potato 

common scab. J. Phytopathol., 56(1): 73-82. 

doi: 10.3186/jjphytopath.56.73 
 

Thirumurugan, D., Vijayakumar, R., Vadivalagan, C., 

Karthika, P. & Alam Khan, M.K. 2018. Isolation, 

structure elucidation and antibacterial activity 

of methyl-4,8-dimethylundecanate from the 

marine actinobacterium Streptomyces albogriseolus 

ECR64. Microb. Pathog., 121: 166-172. doi: 

10.1016/j.micpath.2018.05.025 
 

Torres, M.R., Sousa, A.P., Silva Filho, E.A., Melo, D.F., 

Feitosa, J.P., de Paula, R.C. & Lima, M.G., 

2007. Extraction and physicochemical 

characterization of Sargassum vulgare alginate 

from Brazil. Carbohydr. Res., 342(14): 2067-

2074. doi: 10.1016/j.carres.2007.05.022 
 

Ulfah, M., Kasanah, N. & Handayani, N.S.N. 2017. 

Bioactivity and genetic screening of marine 

Actinobacteria associated with red algae 

Gelidiella acerosa. Indones. J. Biotechnol., 

22(1): 13-21. doi: 10.22146/ijbiotech.25920 
 

Ulfah, M., Kasanah, N. & Wijayanti, N. 2021. 

Antivibriosis and cytotoxicity of Actinobacteria 

associated with red seaweed Gelidiella 

acerosa. Aquac. Res. doi: 10.1111/are.15495 
 

Valgas, C., Souza, S.M.d., Smânia, E.F. & Smânia Jr, 

A. 2007. Screening methods to determine 

antibacterial activity of natural products. Braz. 

J. Microbiol., 38(2): 369-380. doi: 10.1590/ 

S1517-83822007000200034 
 

Van Doan, H., Tapingkae, W., Moonmanee, T. & 

Seepai, A. 2016. Effects of low molecular 

weight sodium alginate on growth performance, 

immunity, and disease resistance of tilapia, 

Oreochromis niloticus. Fish Shellfish Immunol., 

55: 186-194. doi: 10.1016/j.fsi.2016.05.034 



  

  

ILMU KELAUTAN: Indonesian Journal of Marine Sciences December 2021 Vol 26(4):254-264 

Producing Active Secondary Metabolite Against Pathogenic Vibrio spp.(N. Azhar et al.) 263 

Verschuere, L., Rombaut, G., Sorgeloos, P. & 

Verstraete, W. 2000. Probiotic bacteria as 

biological control agents in aquaculture. 

Microbiol. Mol. Biol. Rev., 64(4): 655-671. doi: 

10.1128/mmbr.64.4.655-671.2000 

 

Wang, Y., Guo, E.-W., Yu, W.G. & Han, F. 2013. 

Purification and characterization of a new 

alginate lyase from a marine bacterium Vibrio 

sp. Biotechnol. Lett., 35(5): 703-708. doi: 

10.1007/s10529-012-1134-x 

 

Williams, S.T. & Davies, F.L. 1967. Use of scanning 

electron microscope for the examination of 

actinomycetes. J. Gen. Microbiol., 48(2): 171-

177. doi: 10.1099/00221287-48-2-171 

 

Wong, T.Y., Preston, L.A. & Schiller, N.L. 2000. 

Alginate Lyase: review of major sources and 

enzyme characteristics, structure-function 

analysis, biological roles, and applications. 

Annu. Rev. Microbiol., 54: 289-340. doi: 

10.1146/annurev.micro.54.1.289 

 

Xu, X., Liu, K., Wang, S., Guo, W., Xie, Z. & Zhou, Y., 

2017. Identification of pathogenicity, 

investigation of virulent gene distribution and 

development of a virulent strain-specific 

detection PCR method for Vibrio harveyi 

isolated from Hainan Province and Guangdong 

Province, China. Aquaculture. 468: 226-234. 

doi: 10.1016/j.aquaculture.2016.10.015 

 

Yao, D., Wang, Y., Li, Q., Ouyang, X., Li, Y., Wang, C., 

Ding, L., Hou, L., Luo, M. & Xiao, Y.,2018. 

Specific Upregulation of a Cotton Phytoene 

Synthase Gene Produces Golden Cottonseeds 

with Enhanced Provitamin A. Scientific reports. 

8(1): 1348-1356. doi: 10.1038/s41598-018-

19866-1 

 

Yeh, S.P., Chang, C.A., Chang, C.Y., Liu, C.H., & 

Cheng, W. 2008. Dietary sodium alginate 

administration affects fingerling growth and 

resistance to Streptococcus sp. and iridovirus, 

and juvenile non-specific immune responses of 

the orange-spotted grouper, Epinephelus 

coioides. Fish Shellfish Immunol., 25(1-2): 19-

27. doi: 10.1016/j.fsi.2007.11.011 

 

Yeung, P.M. & Boor, K. 2004. Epidemiology, 

pathogenesis, and prevention of foodborne 

Vibrio parahaemolyticus infections. Foodborne. 

Pathog. Dis., 1(2): 74-88. doi: 10.1089/15353 

1404323143594 

 

Yip, W.H., Joe, L.S., Mustapha, W.A.W., Maskat, M.Y. 

& Said, M. 2014. Characterisation and stability 

of pigments extracted from Sargassum binderi 

obtained from Semporna, Sabah. Sains Malays. 

43(9): 1345-1354.  

 

You, J., Xue, X., Cao, L., Lu, X., Wang, J., Zhang, L. & 

Zhou, S 2007. Inhibition of Vibrio biofilm 

formation by a marine actinomycete strain A66. 

Appl Microbiol Biotechnol. 76(5): 1137-1144. 

doi: 10.1007/s00253-007-1074-x 

 

You, J.L., Cao, L.X., Liu, G.F., Zhou, S.N., Tan, H.M. & 

Lin, Y.C. 2005. Isolation and characterization of 

actinomycetes antagonistic to pathogenic Vibrio 

spp. from nearshore marine sediments. World J 

Microbiol Biotechnol. 21(5): 679-682. doi: 

10.1007/s11274-004-3851-3 

 

Yudiati, E., Ginzel, F.I., Hidayati, J.R., Rizfa, M.S., 

Azhar, N., Djarod, M.S.R., Heriyati, E. & 

Alghazeer, R 2020. Oral Administration of 

Alginate Oligosaccharide from Padina sp. 

Enhances Tolerance of Oxygen Exposure Stress 

in Zebrafish (Danio rerio). Ilmu Kelautan : 

Indonesian Journal of Marine Sciences. 

25(1):7-14 doi: 10.14710/ik.ijms.25.1.7-14 

 

Yudiati, E. & Isnansetyo, A. 2017. Characterizing the 

Three Different Alginate Type of Sargassum 

siliquosum. Ilmu Kelautan : Indonesian Journal 

of Marine Sciences. 22(1): 1-7. doi: 10.14710/ 

ik.ijms.22.1.7-14 

 

Yudiati, E., Isnansetyo, A. & Handayani, C.R 2016. 

Innate immune-stimulating and immune genes 

up-regulating activities of three types of 

alginate from Sargassum siliquosum in Pacific 

white shrimp, Litopenaeus vannamei. Fish 

Shellfish Immunol. 54: 46-53. doi: 10.1016/ 

j.fsi.2016.03.022 

 

Yudiati, E., Isnansetyo, A., Murwantoko, Triyanto & 

Handayani, C.R. 2019. Alginate from 

Sargassum siliquosum simultaneously 

stimulates innate immunity, upregulates 

immune genes, and enhances resistance of 

Pacific white shrimp (Litopenaeus vannamei) 

against white spot syndrome virus (WSSV). Mar 

Biotechnol., 21(4): 503-514. doi: 10.1007/ 

s10126-019-09898-7 

 

Yudiati, E., Subagiyo & Azhar, N. 2021. Antimicrobial 

susceptibility and minimum inhibition 

concentration of Vibrio parahaemolyticus, 

Vibrio vulnificus and Vibrio harveyi isolated 

from a white shrimp (Litopenaeus vannamei) 

pond. IOP Conf. Ser. Earth Environ. Sci., 763(1): 

p.012025. doi: 10.1088/1755-1315/763/1/ 

012025 



  

  

ILMU KELAUTAN: Indonesian Journal of Marine Sciences December 2021 Vol 26(4):254-264 

264 Producing Active Secondary Metabolite Against Pathogenic Vibrio spp.(N. Azhar et al.) 

Zhang, B., Cai, G., Wang, H., Li, D., Yang, X., An, X., 

Zheng, X., Tian, Y., Zheng, W. & Zheng, T., 

2014. Streptomyces alboflavus RPS and its 

novel and high algicidal activity against harmful 

algal bloom species Phaeocystis globosa. PloS 

one. 9(3): p.e92907. doi: 10.1371/journal. 

pone.0092907 

 

Zhu, B. & Yin, H. 2015. Alginate lyase: Review of 

major sources and classification, properties, 

structure-function analysis and applications. 

Bioengineered., 6(3): 125-131. doi: 10.1080/ 

21655979.2015.1030543 

 

Zubia, M., Payri, C. & Deslandes, E. 2008. Alginate, 

mannitol, phenolic compounds and biological 

activities of two range-extending brown algae, 

Sargassum mangarevense and Turbinaria 

ornata (Phaeophyta: Fucales), from Tahiti 

(French Polynesia). J. Appl. Phycol., 20(6): 

1033-1043. doi: 10.1007/s10811-007-9303-3 

 

 


