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Abstract 

Background & Objectives Actinomycetes are commonly known as exceptionally prolific source of 

secondary metabolites with diverse biological activities. The aim of this study was to identify 

some Actinomycete isolates from Malaysia marine environment and evaluate for type-I polyketide 

synthase (PKS-I) and nonribosomal peptide synthetase (NRPS) genes as well as antimicrobial  

activity.  

Materials and Methods: Selected isolates were identified based on their morphology and  

molecular properties. PKS-I and NRPS genes were detected using specific primers and the  

potential of their antimicrobial activity was investigated by disc diffusion method. 

Results: The isolates varied morphologically on the basis of colony morphology, spore chain 

shape, aerial and substrate mycelium formation. Based on 16S rRNA gene sequences analysis, 

isolates Sdstm3k, Sdtm108 and Sdts4 were highly similar to Streptomyces sp. (95%), whereas  

isolates Bvpd17e and SctgJI demonstrated highest similarity to Micrococcus sp. M2-19 (99%) and 

Micrococcus leteus (95%) respectively. While isolate Sdsb2k1a and Sdts46 were  

unidentified. The detection of PKS-I and NRPS genes revealed that only isolates SctgJI and 

Sdsb2k1a had both genes. Isolates Streptomyces sp. Sdst3k1 and Streptomyces sp. Sdts4  

demonstrated the strongest and broadest spectrum of antimicrobial activity against 10 human  

pathogens tested.  

Conclusion: The present study indicated that Actinomycetes isolated from marine  

environment in Malaysia can be a good source of the discovery of new bioactive compounds. 
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 ها مجله دنیای میکروب
 9911( بهار 24سال سیزدهم شماره اول )پیاپی 

 77-68صفحات 

 و پپتید سنتتاز  I (PKS-I)پتانسیل ضد میکروبی، بیوسنتز ژن های پلی کتاید سنتتاز تیپ 

 دریایی اکتینومیست هایدر برخی از  (NRPS)غیر ریبوزومی 

 2، اسمت احمد9، گیرس یوسف4، نور سوهانا ذکریا9*فاطمه شایسته
کارشناس ارشد، دانشگاه ملی کشور مالزی، دانشکده علوم و فناوری، گروه ۲استادیار، دانشگاه هرمزگان، دانشکده علوم و فنون دریایی، گروه شیلات، 1

دانشیار، ۴استاد، دانشگاه ملی کشور مالزی، دانشکده علوم و فناوری، گروه علوم زیست محیطی و منابع طبیعی، ۳علوم زیستی و زیست فناوری، 

 دانشگاه ملی کشور مالزی، دانشکده علم و فناوری، گروه علوم زیستی و زیست فناوری.

 چکیده

ها به عنوان منابع متابولیت های ثانویه با فعالیت های بیولوژیکی متنوع شناخته می شوند. این مطالعه با  اکتینومیست  سابقه و هدف:

  Iهای جدا سازی شده از محیط دریایی در مالزی، بررسی ژن های پلی کتاید سنتتاز تیپ  اکتینومیستهدف شناسایی برخی از 

(PKS-I و پپتید سنتتاز غیر ریبوزومی ))NRPS) .و همچنین بررسی ویژگی های ضد میکروبی آنها انجام گرفت 

 های انتخاب شده به وسیله روش های مورفولوژیکی و مولکولی شناسایی شدند. وجود  اکتینومیستمواد و روش ها: 

به وسیله پرایمرهای اختصاصی بررسی گردید و همچنین فعالیت ضد میکروبی سویه های انتخاب شده به  PKS-Iو   NRPSژن های

 روش دیسک گذاری بررسی شد.

جدایه های انتخاب شده بر اساس خصوصیات مورفولوژیکی کلنی، شکل زنجیره اسپورها و نوع میسیلیوم های رویشی و یافته ها: 

  شباهت زیادی به  Sdts4و Sdstm3k ،Sdtm108سویه های  16S sRNAهوایی متفاوت بودند. بر اساس تجزیه و تحلیل ژن 

Streptomyces sp. ( در صورتی که سویه های  59نشان دادند )%  Bvpd17e وSctgJI به ترتیب بیشترین شباهت را با 

Micrococcus sp. M2-19 (55 و )%Micrococcus leteus  (59نشان دادند )%.  در حالی که سویه هایSdsb2k1a  وSdts46  ناشناس

دارای هر دو ژن می باشند.  Sdsb2k1aو  SctgJIمشخص گردید که فقط سویه های  PKS-Iو   NRPSبودند. با بررسی ژن های

 پاتوژن انسانی مورد بررسی نشان داد. 11قوی ترین و وسیع ترین فعالیت ضد میکروبی را در برابر   Sdts4و Sdst3k1سویه های 

 های جداسازی شده از محیط زیست دریایی در مالزی  اکتینومیستبر اساس مطالعه حاضر مشخص گردید که نتیجه گیری: 

 می تواند به عنوان یکی از منابع مناسب کشف ترکیبات زیست فعال جدید باشد.

 ، خاصیت ضد میکروبی. PKS-Iو  NRPS، ژن هایاکتینومیستباکتری دریایی، واژگان کلیدی: 

 59اسفند ماه پذیرش برای چاپ:    59دی ماه دریافت مقاله: 

 *( آدرس برای مکاتبه: دانشگاه هرمزگان، دانشکده علوم و فنون دریایی، گروه شیلات

  Shayesteh_fatemeh@yahoo.com: پست الکترونیک  151۷9۴5۷111تلفن: 

( در /http://creativecommons.org/licenses/bync/4.0حقوق نویسندگان محفوظ است. این مقاله با دسترسی آزاد و تحت مجوز مالکیت خلاقانه )
 ها منتشر شده است. هرگونه استفاده غیرتجاری فقط با استناد و ارجاع به اثر اصلی مجاز است. فصلنامه دنیای میکروب

76 



Journal of Microbial World, Volume 13, No. 1, April 2020  . Antimicrobial potentiality, type-I polyketide synthase and nonribosomal peptide... Fatemeh Shayesteh et al. 

 

 

Malaysia has a rich biodiversity. According to 

best of our knowledge, little studies have been 

conducted to isolating and antimicrobial 

screening of Actinomycetes from the Malaysia 

marine environment (11, 12). As regards  

detection of PKS-I and NRPS genes help to 

assess the biosynthetic capability  

of Actinomycetes in production biologically 

active compounds (13,14), the present study 

was conducted to identify marine  

actinomycetes isolated from different marine 

environment in Malaysia based on their  

morphological and molecular characteristics 

and evaluate for PKS-I and NRPS genes.  

The potential of selected isolates for  

production of antimicrobial compound were  

also investigated. 

 

Materials and Methods: 

Marine Actinomycetes from culture collection 

Seven isolates (Table 1) of marine microbial 

culture collection (Aquatic Microbiology  

Laboratory, Faculty of Science and  

Technology, Universiti Kebangsaan Malaysia, 

UKM), were selected. Selected isolates were 

cultured on starch peptone agar supplemented 

with sterile sea water. Nalidixic acid  

(25 μg / mL) and cycloheximide (25 μg / mL) 

were added to culture media for the inhibition 

of fungi and other bacteria, respectively.  

Plates were then incubated at 28 ˚C  

for 1-7 days. The isolates were maintained on 

plates at 4 ˚C for short-term storage. For  

long-term preservation, mycelial suspension in 

20% glycerol were kept at -80 ˚C. 

Morphological identification of selected  

Actinomycetes 

Different characteristics of selected isolates 

such as colony, cell and spore morphology, 

gram-stain phenotype, spore chain  

morphology, aerial and substrate mycelia  

Introduction 

The incidence of antibiotic resistance  

pathogenic bacteria has increased dramatically 

all over the world (1). According to O’Neill’s 

independent review (2) about 700 000 people 

around the world die annually due to  

drug-resistant infections. If current trends  

continue, such infections could entail the death 

of 10 million people a year by 2050 (3). In this 

context, the discovery of novel bioactive  

compounds, particularly those with new  

mechanism of action, is not only needed for 

modern medicine but absolutely required to 

avoid future pandemics. Marine sources are 

efficient producers of new natural products that 

show a range of biological activities including 

antibacterial, anticancer, antifungal, cytotoxic, 

antitumor, anti-parasitic, anti-inflammatory, 

antiviral, antioxidant, antimalarial, etc (3). 

Among natural products from marine  

microorganisms, Actinomycetes are the most 

economically and biotechnologically valuable 

prokaryotes and are responsible for the  

production of about half of the discovered  

secondary metabolites (4). Various  

antimicrobial substances from Actinomycetes 

have been isolated and characterized including 

aminoglycosides, beta-lactams, glycopeptides, 

macrolides, anthracyclines, nucleosides,  

peptides, polyesters, polyenes, polyketides,  

tetracyclines and actionomycins (4). NRPS and 

PKS-I genes are responsible for producing of 

secondary metabolites including well-known 

antibiotics, anticancer agents, siderophores, 

toxins, surfactants, immunosuppressants, and 

anti-inflammatorials (5-8). Recent studies have 

also shown that marine microorganisms  

can be an important source of new  

nonribosomal peptide metabolites (9, 10). 

Malaysian waters are one of the most  

spectacular coastal and marine environments in 
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for PKS-I gene sequence K1F:  

(5'-TSAAGTCSAACATCGGBCA3') and 

M6R: (5'CGCAGGTTSCSGTACCAGTA-3'). 

The specific primers for NRPS were: A3F  

(5'-GCSTACSYSATSTACACSTCSGG-3') and 

A7R (5'-SASGTCVCCSGTSCGGTAS-3'). 

Amplification products were analyzed by  

electrophoresis in 1% (w/v) agarose gel.  

 

Determination of antimicrobial activity 

The clinical bacteria and fungus pathogens were 

cultured on nutrient broth and potato dextrose 

agar, respectively. Actinomycetes were  

separately grown in marine broth for the  

production of secondary metabolites. Cultures 

were incubated on a rotary shaker (200 rpm) at 

28 ˚C for 1 and 7 days for non-spore forming 

and spore forming bacteria, respectively. The 

antimicrobial activity of Actinomycetes was 

demonstrated by disc diffusion method  

according to Hamadan & Mikolajcik (20) and 

Apella et al., (21).  

 

Results 

Morphological identification of selected  

Actinomycetes 

Based on morphological observation, two  

isolates (Bvpd17e and SctgJI) did not produce 

spore and able to grow only above the agar  

morphology was determined (15). 

 

Molecular phylogeny of selected isolates based 

on 16S rRNA gene sequencing  

The isolates were cultured in starch peptone 

broth for 24- h and 7-days for  

non-spore-forming and spore-forming isolates, 

respectively. Genomic DNA was extracted  

using a Wizard ® Genomic DNA Purification 

Kit (promega) according to the manufacturer's 

description. The 16S rRNA gene  

amplification was generated using 16S-F  

(5'-AGAGTTTGATCCTGGCTCAG-3') and 

16S-R (5'-GGTTACCTTGTTACGACTT-3') 

primers (16). The sequences obtained from  

selected Actinomycetes, was compared  

with the related sequences in the NCBI data 

base using Blast and aligned using  

CLUSTA-W (17). Evolutionary analysis was 

performed using the MEGA 4 software (18). 

PCR amplification of PKS-I and NRPS  

genes 

Genomic DNA from the isolates were  

subjected to polymerase chain reaction  

(PCR) to detect the presence of polyketide  

synthase type I (PKS-I) and non-ribosomal  

peptide syntetases (NRPS) as described  

by Ayuso-Sacido and Genilloud (19).  

The following were the specific primers  

Isolates Location Source Cell shape Colony morphology Spore 
Spore 

chain 

Number 

of spores 

in a chain 

Bvpd17e Port Dickson Bivalve Coccus 
Circular, small, raised, opaque, sticky, non-spore 

forming, grow on agar surface 
- - - 

SctgJI Pulau Tinggi 
Sea 

cucumber 
Coccus 

Circular, small, raised, opaque, wet, non-spore form-
ing, grow on agar surface 

- - - 

Sdsb2k1a Sebatu Sediment 
Unbranched  

Hyphae filamentous 
Tick powdery spores, have aerial and substrate 

mycelium, irregular shape, contoured, dry 
Smooth Curved >10 

Sdst3k1 Stulang Latu Sediment 
Unbranched  

Hyphae filamentous 
Powdery spores, have aerial and substrate mycelium, 

irregular shape, dry 
Smooth Curved 3-10 

Sdtm108 
Tioman 
Island 

Sediment 
Branched hyphae 

filamentous 
Powdery spores, have aerial and substrate mycelium, 

irregular shape, radial limitation, contoured, dry 
Smooth Curved 3-10 

Sdts4 
Sepangar 

Bay 
Sediment 

Branched hyphae 
filamentous 

Thick powdery spores, have aerial and substrate 
mycelium, irregular shape, contoured, dry 

Smooth Curved >10 

Sdts46 
Sepangar 

Bay 
Sediment 

Branched hyphae 
filamentous 

Powdery spores, have aerial and substrate mycelium, 
irregular shape, contoured, dry 

Smooth Straight >10 

Table 1. Source, location, morphological characterization and microscopic observation of marine Actinomycetes. 
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1200-1400 bp and 700bp, respectively. It was 

demonstrated that isolate Bvpd17e showed the 

presence of PKS-I gene only while isolates 

Sdst3k1, Sdtm108, Sdts4 and Sdts46 displayed 

the presence of NRPS gene only. Interestingly, 

2 isolates namely SctgJI and Sdsb2k1a showed 

the presence of both NRPS and PKS-I genes. 

Results from PKS-I and NRPS genes are  

presented in Fig 2 and 3, respectively. 

 

Antimicrobial activity of Actinomycetes  

isolates 

The results from antimicrobial activity  

indicated that two isolates Namely Bvpd17e 

and Sdsb2k1a did not show inhibitory activity 

against any of pathogens. Isolates Sdtm108 and 

Sdts46 was only active against C. albicans.  

Interestingly, secondary metabolites produced 

by isolates sdst3k1 and Sdst4 were able to  

inhibit all pathogens used in this study.  

surface within 1-3 days. The other five isolates 

(Sdsb2k1a, Sdst3k1, Sdtm108, Sdts4 and 

Sdts46) possess typical morphology of  

Streptomyces which produce aerial hyphae 

spore chain which is segmented in spore chain. 

Additionally, they were able to grow after 3-5 

days on agar surface and colonies found to  

penetrate into the agar. The light microscopic 

result for these five isolates illustrated that  

isolates Sdsb2k1a and Sdst3k1 had unbranched 

hyphae filaments while the remaining 3 bacte-

ria (Sdtm108 and Sdts46) produce branched  

hyphae filaments. In addition, lactophenol  

staining demonstrated that only isolate Sdts46 

generate straight spore chain whereas the rest 

(Sdsb2k1a, Sdst3k1, Sdtm108 and Sdts4)  

produce curved spore chain. Morphological 

characteristics of selected isolates is indicated 

in Table 1.  

  

16S rRNA gene sequencing of selected  

Actinomycetes  

The 16S rRNA gene of isolate Bvpd17e (628 

bp) showed 99% identity to Micrococcus sp. 

m2-19. While isolates SctgJI (1484 bp), 

Sdst3k1 (1527 bp), Sdtm108 (1488 bp) and 

Sdts4 (1424 bp) demonstrated 95% similarity 

to Micrococcus luteus, Streptomyces sp.  

IMER-B3-25, Streptomyces sp. 32 and  

Streptomyces sp. C25, respectively. Moreover, 

isolates Sdsb2k1a (1540 bp) and Sdts46 

(1477bp) were not distinguishable based on 

their 16S rRNA gene sequencing, however 

they demonstrated 89% and 95% identity to  

uncultured bacterium clone q48f312/pp124   

and uncultured soil bacterium clone T3_4,  

respectively (Fig 1). 

 

PCR amplification of PKS-I and NRPS genes 

The presence of the PKS-I and NRPS genes, 

demonstrated a band with a size range of  

Fig 1. Phylogenetic relationship of selected isolates to 

related bacteria based on Neighbour-joining tree  

analysis of 16S rRNA gene sequence data. A sequence 

of Xanthomonas sp. UAM58 was used as the out-group. 
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be new species of Streptomyces as  

demonstrated by several studies (23, 25).  

Results of the 16S rRNA gene sequencing anal-

ysis showed that only isolate SctgJI was identi-

Moreover, isolate SctgJI capable of inhibiting 

growth of three clinical pathogens namely 

MRSA, A. hydrophila and C. albicans  

(Table 2). 

 

Discussion 

Comparison of phenotypic characterization of 

isolates Bvpd17e and SctgJI with the literatures 

shown that these two isolates belong to  

Micrococcus species. Members of Micrococcus 

sp. are Gram-positive, coccus-shape bacteria 

which usually arranged in the tetrad form, cell 

diameter between 0.8-1.0 μm (22), aerobic, 

mesophilic, neutrophilic, not spore forming, 

catalase positive and no motility (23).  

In addition, the yellow pigment production is 

resemble to Micrococcus luteus, however the 

other five isolates namely Sdsb2k1a, Sdst3k1, 

Sdtm108, Sdts4 and Sdts46, showed similarity 

with family members of Streptomycetaceae 

which are Gram-positive bacteria with 

branched filaments, have aerial and substrate 

mycelium, segmented hyphae, produce spore 

chain at the top or as a side branch. Although 

the similarity percentage sequences of six  

marine Actinomycetes with the references 

strains were high (≥ 95 %), but most of them 

were identified only at the genus level.  

It is generally accepted that organisms  

displaying 16S rRNA sequence similarity  

value of 97% or less belong to different species 

(24). Even isolates with partial 16S rRNA  

sequences of 99% similarities could possibly 

Fig 2. Visualization of PKS-I gene amplification of 7 

marine Actinomycetes isolated by electrophoresis in 1% 

(w/v) agarose gel stained with ethidium bromide. Lanes 

1: 100 bp DNA ladder, 2: Bvpd17e, 3: SctgJI, 4: 

Sdsb2k1a, 5: Sdst3k1, 6: Sdtm108, 7: Sdts4, 8: Sdts46 

Fig 3. Visualization of NRPS gene amplification of 7 

marine Actinomycetes isolated by electrophoresis in 1% 

(w/v) agarose gel stained with ethidium bromide. Lanes 

1: 100 bp DNA ladder, 2: SctgJI, 3: Sdts108, 4: Sdts4, 5: 

Sdst46, 6: Sdst3k1, 7: Sdsb2k1a, 8: Bvpd17e. 

Isolates 
  Pathogens 

MRSA SA PA VP PM SM EC AH CA AF 

Bvpd17e - - - - - - - - - - 

SctgJI 11 - - - - - - 9 11 - 

Sdsb2k1a - - - - - - - - - - 

Sdst3k1 21 13 9 13 8 8 11 10 16 21 

Sdtm108 - - - - - - - - 8 - 

Sdts4 16 11 8 11 11 8 10 9 13 20 

Sdts46 - - - - - - - - 24 - 

Table 2.  Antimicrobial activity pattern of marine Actinomycetes against various clinical pathogens. 
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any of the other pathogens. It has been  

underlined that specific antimicrobial agents 

that act against a certain pathogen may have 

advantages over broad spectrum agents,  

whereby resistance development and side  

effects could potentially be reduced (30).  

PKS-I and NRPS genes are involved in the  

synthesis of large number of important  

bioactive compounds produced by  

microorganisms. Detection of PKS-I and NRPS 

genes help to assess the biosynthetic capability 

of Actinomycetes (13,22), other bacteria  

taxa (31,22) and fungi (32) in production  

biologically active compounds.  

All isolates possess both or at least one genes. 

It is interesting to note that isolates  

Sdsb2k1a and Bvpd17e had no antimicrobial 

activity against all tested pathogenic  

microorganisms while isolate Sdsb2k1a  

possess both PKS-I / NRPS genes and isolate 

Bvpd17e possess PKS-I gene. Similar  

incidence was also reported by  

Zhao et al., (33) and Bredholt et al., (34).  

Plausible explanations for this  

phenomena include that 1) the isolates were 

probably effective against other pathogenic  

organisms than the ones used in this study, 2) 

the antimicrobial compounds secreted  

by these isolates were probably not in  

sufficient amount to inhibit the growth of test 

organisms, 3) they produce other  

possible active compounds such as  

antiviral, anticancer, or antiparasite, 4)  

the silence of these genes in the isolates, or 5) 

special conditions might be required for the iso-

lates to demonstrate antimicrobial  

activities. 

Conclusion  

In conclusion, the less explored Malaysian  

marine ecosystem represents a rich resource for 

new Actinomycetes species and bioactive  

compounds. Further studies are required to  

fied up to species level (Micrococcus  

luteus) while two isolates namely Sdsb2k1a 

and Sdts46 did not show similarity with any 

genus or species of Actinomycetes, however 

based on  

morphological analysis indicated these isolates 

are belong to the genus Streptomyces  

(Table 1). Further analysis is required which 

include morphological, physiological,  

biochemical and DNA-DNA hybridization to 

identify these two isolates until species  

level. Although isolates Sdst3k1, Sdtm108 and 

Sdts4 were identified as Streptomyces sp. based 

on 16S rRNA sequencing (Fig 1).  

The fact that to obtain rare Actinomycetes 

(Micrococcus sp.) or unknown species  

other than genus Streptomyces, demonstrated 

the diversity and potential of Malaysian  

waters to be explored as new  

resources of Actinomycetes. Molecular  

identification using the sequence of 16S rRNA 

gene showed that isolates Sdst3k1 and Sdts4 

which demonstrated broadest antimicrobial  

activities, are belong to the genus Streptomyces 

(Fig 1), indeed the genus Streptomyces are 

known to be prolific producers of biologically 

important compounds which include antibiotics 

and contributed to 70% of the antibiotics  

available in the market. Some important  

antibiotics from Streptomyces are kanamycin 

produced by Streptomyces kanamyeticus (26), 

Oxytetracycline produced by S. rimosus (27), 

tetracycline (28) and actinomycin C (29) from 

S. aureofaciens and S. chyrsomallus,  

respectively.  Zainal Abedin et al., (11) have 

reported a broad spectrum of antimicrobial 

Streptomyces (Streptomyces sp.  

UKMCC-PT15) isolated from seawater  

collected from Pulau Tinggi, Malaysia. It is, 

therefore particularly interesting to note that 

isolates Sdtm108 and Sdts46 inhibited  

exclusively the growth of C. albicans but not 
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purify, identify and validate the identity of  

antimicrobial compounds from these isolates.  
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