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Abstract 

Antibiotic resistance is a major problem in the control of infectious diseases. To overcome this 
obstacle, a common approach is to search for novel antimicrobial drugs from natural sources, especially 
microorganisms such as Streptomyces. Streptomyces has long been demonstrated to produce bioactive 
secondary metabolites with antimicrobial activities. The objectives of this research were to isolate and 
characterize Streptomyces strains from the deciduous dipterocarp forest soils in the University of Phayao, 
and to evaluate their metabolites for antibacterial activities. The results show that the morphological and 
physiological characteristics of PA5.6 are consistent with those of the genus Streptomyces. Furthermore, a 
comparative analysis of the whole genome sequence verified that PA5.6 represents a novel species within 
the genus Streptomyces. The genome sequence analysis of Streptomyces sp. PA5.6 revealed a total length 
of 9,146,340 bp, a G + C content of 71.1 %, and an N50 scaffold of 320,345 bp. The antiSMASH analysis 
revealed putative secondary metabolite Biosynthetic Gene Clusters (BGCs) involved in the biosynthesis of 
antimicrobial metabolites, including terpene, Type I PKS, NRPS and lassopeptide gene clusters. Functional 
prediction of these gene clusters indicates that they are involved in the biosynthesis of several antimicrobial-
associated metabolites, such as albaflavenone, monensin and citrulassin D. Streptomyces sp. PA5.6 culture 
supernatant and its crude ethyl acetate extract exhibited antibacterial activity against several drug-resistant, 
bacterial pathogens, including S. aureus, E. faecalis, E. coli, P. aeruginosa, A. baumannii, MRSA, VREF, 
ESBL-E. coli and CRPA. The GC-MS analysis of the crude ethyl acetate extracts revealed benzeneacetic 
acid, benzeneacetic acid, 4-hydroxy and benzeneacetamide as major active compounds metabolites. In 
conclusion, Streptomyces sp. PA5.6 exhibited promising potential for producing bioactive compounds 
against bacterial pathogens. 
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Introduction 

Antibiotic resistance remains a global challenge in treating infectious diseases, especially in 
developing countries [1]. Currently, research is being conducted to discover new types of antibiotics from 
natural sources such as plants, fungi and bacteria due to their safety and effectiveness against drug-resistant 
bacteria [2]. Approximately 80 % of antibiotics are produced by bacteria of the genus Streptomyces, such 
as Streptomycin, Tetracycline and Chloramphenicol, which are used against both Gram-positive and Gram-
negative bacteria [3]. 

Streptomyces is a filamentous, Gram-positive bacteria, that contains DNA with a high G + C content 
[4]. It possesses BGCs with potential antibacterial properties, such as polyketides (PKS), non-ribosomal 
peptide synthetase (NRPs), terpenes and the lassopeptide gene [2]. These compounds are utilized in the 
synthesis of antibiotics such as Tetracycline [5], Daptomycin [6], Phenalinolactones [7] and Aborycin [8], 
respectively. Streptomyces found in different soil environments and diverse habitats can give rise to new 
species of the genus Streptomyces and produce bioactive compounds with antimicrobial potential [9]. 
Therefore, there has been exploration and isolation of strains from soil in various locations worldwide, such 
as Streptomyces sp. SM01, isolated from soil in Kashmir Himalayan (India), which is capable of producing 
a novel antibiotic, Picolinamycin, with potential against drug-resistant bacteria [10]. Similarly, 
Streptomyces sp. E23-4 OM883990, isolated from soil in a location with extremely cold temperatures in 
Fez-Meknes, Morocco, exhibits potential in resisting Gram-positive and Gram-negative bacteria, including 
drug-resistant strains [11]. Additionally, Streptomyces acidicola sp. nov. has been isolated from soil in a 
peat swamp forest in Thailand [12]. 

The soil in the deciduous dipterocarp forest in the northern region of Thailand has an acidic condition, 
sandy and granular soil characteristics, and high temperatures during the dry season [13]. Soils with dry 
characteristics and high temperatures can harbor Streptomyces due to the exospores of the microorganism, 
which can survive for extended periods [14,15]. Additionally, Streptomyces strains isolated from soil with 
extreme conditions have the potential to produce secondary metabolites with effective antimicrobial 
properties [16]. However, there has been limited exploration and investigation into the potential 
antibacterial activities of Streptomyces. The objective of the study was to isolate Streptomyces from the soil 
of deciduous dipterocarp forests located at the University of Phayao in Northern Thailand. The study aimed 
to determine phenotype characteristics, including morphological and physiological traits, to confirm their 
classification within the genus Streptomyces. Additionally, the research involved screening the potential 
antibacterial activity of Streptomyces isolates using cross-streak and well-diffusion methods with their 
crude ethyl acetate extracts. The active compounds in the crude ethyl acetate extract were identified for 
antibacterial activity by gas chromatography-mass spectrometry (GC-MS) analysis. Furthermore, the 
genotype characteristics of the Streptomyces isolate were analyzed through whole-genome sequencing, 
combined with bioinformatics, to confirm the genus Streptomyces and identify putative bioactive 
compounds with potential antibacterial activity. 

 
Materials and methods 

Samples collection and isolation of Streptomyces sp. PA5.6 
The soil samples were collected at a depth of 10 - 15 cm from the upper surface of topsoil in the 

deciduous dipterocarp forest at the University of Phayao in Northern Thailand (latitude, 19°01'40.3"N; 
longitude, 99°54'23.9"E). Approximately 50 g of soil was collected in sterile plastic bags and transported 
to the laboratory. The soil was dried in a hot air oven at 60 °C for 2 h. 1 g of dry soil was dissolved in 9 mL 
sterile distilled water and a serial dilution up to 10–4. After that 100 µL of each dilution was spread onto 
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Actinomycetes Isolation Agar (AIA) (Himedia Laboratories Pvt. Limited, Mumbai, India) [17]. 
supplemented with Nalidixic acid (20 µg/mL) and Nystatin (25 µg/mL) to inhibit gram negative bacteria 
and fungal growth, respectively [18]. The plates were incubated at 30 °C for 3 days. The Streptomyces sp. 
PA5.6 colony was picked and purified by streaking on AIA. The pure cultures were preserved for a long 
time with 50 % (v/v) glycerol at –20 °C [19].  

 
Determination of morphological and physiological characteristics of Streptomyces sp. PA5.6 
The Streptomyces sp. PA5.6 was identified, based on cell morphology, by the Gram staining 

procedure [20]. The morphology properties of isolating Streptomyces sp. PA5.6 were determined according 
to the International Streptomyces Project (ISP) [21]. The aerial and vegetative mycelium of Streptomyces 
sp. PA5.6 was observed on yeast extract-malt extract agar (ISP2), Oat Meal Agar (ISP3) and inorganic 
Salts-Starch Agar (ISP4). Melanin production was determined on tryptone-yeast extract agar (ISP1). The 
carbon utilization test was determined on carbon utilizing agar (ISP9) with the addition of 1 sugar from D-
glucose (positive control), sucrose, D-fructose, D-arabinose, D-mannitol, D-xylose and no carbon source 
(negative control) as described in the ISP project [21]. The utilization of nitrogen sources was tested 
according to Williams et al. [22]. The morphology characteristic of Streptomyces sp. PA5.6 was measured 
from cultures on Modified Nutrient Glucose (MNG) agar as recommended by Al-Dhabi et al. [23]. 

 
Whole genome sequence and phylogenetic characterization 
The Streptomyces sp. PA5.6 was cultured in an MNG medium as recommended by Al-Dhabi et al. 

[23] and incubated in a shaking incubator (150 rpm) at 30 °C for 7 days. The supernatant was removed by 
centrifugation at 15,000×g for 15 min. The genomic DNA of Streptomyces sp. PA5.6 was extracted by cetyl 
trimethylammonium bromide (CTAB) [24]. The DNA samples were submitted to NovogeneAIT Genomics 
Singapore (Singapore). The Whole genome sequence of Streptomyces sp. PA5.6 was performed by Illumina 
NovaSeq 6000 system (Illumina, San Diego, CA) generating 150-bp read lengths with > 100×coverage. 
The raw paired-end reads were trimmed, assembled de novo, and annotated using Trim Galore [25] and 
Unicycler [26]. The raw files were assembled using the Bacterial and Viral Bioinformatics Resource Center 
(BV-BRC) [27]. The 16S ribosomal RNA (rRNA) sequence of Streptomyces sp. PA5.6 was compared with 
the sequence of all published species of the genus Streptomyces using the NCBI BLAST database 
(https://blast.ncbi.nlm.nih.gov/Blast.cgi, accessed on 2 March 2024) [28]. The pairwise alignment analysis, 
16S rRNA sequence similarity between species was calculated. The MEGA7 software [29] was used to 
construct a phylogenetic tree using neighbor-joining [30] and maximum likelihood [31] methods. Whole 
genome sequences of Streptomyces sp. PA5.6 and each closely related strain were analyzed by Digital 
DNA-DNA hybridization (dDDH) value and a phylogenomic tree produced by the Type (strain) Genome 
Server (TYGS) (https://tygs.dsmz.de) [32]. The assembled genome sequence was annotated by Rapid 
Annotation using Subsystem Technology (RAST) server v.2.0 (https://rast.nmpdr.org) [33]. The prediction 
of potential secondary metabolite was analyzed using antiSMASH (antibiotics & Secondary Metabolite 
Analysis Shell) v.7.0.1 (https://antismash.secondarymetabolites.org/#/start, accessed on 2 March 2024) 
[34]. 

 
Bacterial strains for antibacterial activity testing  
The bacterial strains were used in this study for assessment of antibacterial activity. They were drug-

sensitive bacteria strains including Staphylococcus aureus (S. aureus) DMST 6512, Enterococcus faecalis 
(E. faecalis) DMST 2860, Escherichia coli (E. coli) DMST 4212 and Pseudomonas aeruginosa (P. aeruginosa) 
DMST 4739 that were purchased from the Department of Medical Sciences Thailand (DMST). Whereas 
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drug-resistant bacteria strains include Methicillin-resistant Staphylococcus aureus (MRSA) MRSA 167-15, 
Vancomycin-Resistant Enterococcus faecium (VREF) VREF-10_Van A, Extended-spectrum beta-lactamase-
producing E. coli (ESBL-E. coli) ESBL-E. coli 164_CTX-M-15, Carbapenem-resistant Pseudomonas 
aeruginosa (CRPA) CRPA P11_VIM-2 were kindly provided by Prof. Dr. Aroonlug Lulitanond and Assoc. 
Prof. Dr. Aroonwadee Chanawong, Faculty of Associated Medical Sciences, Khon Kaen University, 
Thailand. In addition, clinical strains including Acinetobacter baumannii (A. baumannii) were isolated from 
hemoculture at Nan Hospital, approved by the Institutional Ethical Committee of the University of Phayao, 
Phayao, Thailand (approval no. UP-HEC 1.1/042/64). 

 
Screening for antibacterial activity of Streptomyces sp. PA5.6  
The antibacterial activity of Streptomyces sp. PA5.6 was screened by cross streak following the 

method described by Al-Dhabi et al. [23] with a slight modification (the temperature for Streptomyces sp. 
PA5.6 growth on MNGA medium). The Streptomyces sp. PA5.6 was streaked in a single line on MNGA 
medium and incubated at 30 °C for 7 days. Then the 108 CFU/mL of each drug-sensitive, drug-resistant 
and clinical bacteria strain were streaked perpendicular to the Streptomyces sp. PA5.6 growth line. The 
plate was incubated for 24 h at 37 °C and the distance of the inhibition zone between the margin of 
Streptomyces sp. PA5.6 and each bacterial strain determined. 

 
Extraction of the antibacterial metabolite 
The Streptomyces sp. PA5.6 was cultured in MNG medium and incubated in a shaking incubator (150 

rpm) at 30 °C for 7 days. The supernatant was filtrated using Whatman No.1 filter paper and the pH adjusted 
to 2 by 0.1 N HCL according to Al-Dhabi et al. [23]. The culture filtrate was added with an equal volume 
of the ethyl acetate (1:1), mixed and the organic and the aqueous layers separated in a separating funnel. 
The organic layer was collected and concentrated by a rotary evaporator (EYELA@ N-1200A Rotary 
Evaporator model) at 60 °C and stored at 4 °C. 

 
Antibacterial metabolite activity by agar well diffusion 
Antibacterial metabolite activity of the crude ethyl acetate extract of Streptomyces sp. PA5.6 was 

determined by the agar well diffusion method, following the method described by Al-Dhabi et al. [23]. The 
108 CFU/mL of each drug-sensitive, drug-resistant and clinical bacteria strains were speared on Muller 
Hinton Agar (MHA). The wells were drilled with a sterile cork borer (6 mm in diameter) and filled with 50 
µL of the crude extract (200 mg/mL in sterile distilled water). Fifty µL of Amikacin (30 µg/mL) and sterile 
distilled water were used as positive and negative controls, respectively. (Amikacin has a broad spectrum of 
activity). The plates were incubated at 37 °C for 24 h and the inhibition zone (mm) was determined. 

 
GC-MS analysis of crude ethyl acetate extract 
The crude ethyl acetate extract of Streptomyces sp. PA5.6 was determined for chemical composition 

by Agilent gas chromatography-mass spectrometry (GC-MS) (GC:8890A; MSD 5977B). The fused silica HP-5 
capillary column (30 m × 0.25 mm ID, 0.25 µm thickness) was directly coupled to the MS. The carrier gas 
was helium with a flow rate of 0.5 mL/min. The mass spectrometer was programmed at 42 - 320 °C at a 
rate of 15 °C/min. The injection volume was 1 µL and the evaporation temperature was at 280 °C, with a 
flowing velocity of 36 cm/s. GC-MS analysis was performed at ALS Testing services (Thailand) Co., Ltd. 
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Results and discussion 

The study of the phenotypic characteristics, including morphological and physiological characteristics 
of the PA5.6 strain, isolated from soil in the deciduous dipterocarp forest at the University of Phayao in 
Northern Thailand, reveals that this strain exhibits positive gram-staining characteristics and has a 
filamentous shape (Figure 1). The colony morphology of the PA5.6 on MNG agar shows a solid cream-
colored surface, while on ISP-2, ISP-3 and ISP-4 media, it forms aerial and vegetative mycelium with a 
white color on the upper and lower colonies. PA5.6 strain produced a reddish-brown melanoid pigment on 
ISP1. Additionally, the PA5.6 strain demonstrates growth in media containing various carbon sources, such 
as sucrose, D-fructose, D-arabinose, D-mannitol and D-xylose. It exhibits growth in nitrogen-containing 
media supplemented with L-arginine, L-phenylalanine, L-serine and L-valine. Therefore, the phenotypic 
characteristics of the PA5.6 strain indicate its relationship with the genus Streptomyces. 

 

 

Figure 1 Gram-positive filamentous mycelium of Streptomyces sp. PA5.6 under microscopic examination. 
 

The genomic characteristics of Streptomyces sp. PA5.6 were analyzed through whole-genome 
sequencing. The analysis revealed that its genomic sequence has a total length of 9,230,481 bp (69 contigs), 
GC content of 71.1 %, and an N50 scaffold of 322,909 bp. The genome annotation revealed 8,606 protein-
coding sequences (CDS) and a total of 70 RNAs (67 tRNAs and 3 rRNAs) (Table 1). 

 
Table 1 Genome information of the assembly Streptomyces sp. PA5.6. 

Assembly Streptomyces sp. PA5.6 
Total length (bp) 

contigs 
GC content (%) 

N50 (bp) 
N75 (bp) 

CDS 

9,230,481 
69 

71.1 
322,909 
190,154 

8,606 
tRNA 67 
rRNA 3 

 
The phylogenetic analyses showed that Streptomyces sp. PA5.6 belongs to the genus Streptomyces 

(Figure 2) and the 16S rRNA gene has a similarity with Streptomyces xanthii strain CRXT-Y-14 (98.43 
%), Streptomyces avermitilis (97.90 %), Streptomyces broussonetiae strain T44 (97.64 %) and 
Streptomyces fagopyri strain QMT-28 (97.51 %) (NCBI Blastn), suggesting that Streptomyces sp. PA5.6 is 
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identified as a new species based on the cutoff value of 16S rRNA sequence similarity < 98.7 % [35]. 
Furthermore, the genome sequence of Streptomyces sp. PA5.6 was submitted to NCBI with the following 
accession numbers: BioProject - PRJNA946031, BioSample - SAMN33752414, SRA - SRR23901935 and 
Genbank - JAROKT000000000. The genome phylogeny indicated that Streptomyces sp. PA5.6 constituted 
a member of the genus Streptomyces and the digital DNA-DNA hybridization (dDDH) value between 
Streptomyces sp. PA5.6 and Streptomyces kanamyceticus ATCC 12853 was 30.4 % (Figure 3), which is 
below the threshold of 70 % used to identify a new species [35]. Thus, based on the information, 
Streptomyces sp. PA5.6 can be classified as a new species.  

 

 

Figure 2 Phylogenetic tree of the Streptomyces sp. PA5.6 was constructed using MEGA7 software and the 
16 members of Streptomyces with close relationships, obtained from the NCBI BLAST database. 
 

 

Figure 3 Phylogenomic tree was constructed from the genome sequence of Streptomyces sp. PA5.6 and the 
closely related strains identified by the TYPGS server. 
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The annotation of the Streptomyces sp. PA5.6 genome was predicted by the RAST server. The result 
revealed a total of 4,025 subsystems, which represented amino acid and derivative metabolisms (18.4 %), 
protein metabolisms (8.4 %), DNA metabolisms (4.4 %) and secondary metabolisms (0.2 %) (Figure 4). 
Additionally, the analysis of the antiSMASH program (v.7.0.1) predicted 22 putative secondary metabolites 
Biosynthetic Gene Clusters (BGCs). These clusters include terpene, PKS (Polyketide Synthase), NRPS 
(Nonribosomal Peptide Synthetase), melanin, lanthipeptide-class-iii, NRPS-like, blactam, lassopeptide, 
ectoine and hybrids gene cluster (Table 2). Interestingly, the gene clusters of terpene, Type I PKS, NRPS 
and lasso peptide are involved in the biosynthesis of antimicrobial metabolites [36]. These data indicate 
that Streptomyces sp. PA5.6 may have the potential to produce antimicrobial metabolites. 

 

 

Figure 4 The subsystems category distribution for the genome of Streptomyces sp. PA5.6 (accessed on 2 
March 2024). 
 
 

The functional predictions of secondary metabolites BGCs (Type I PKS, terpene and lassopeptide) 
are related to several antimicrobial-associated metabolites including monensin, albaflavenon and citrulassin D. 
The monensin was produced by Streptomyces spp. and belongs to the Type I PKS. It exhibits antibacterial 
properties against Gram-positive bacteria. Monensin disrupts ionic gradients and alters the cell physiology 
of bacteria, leading to cell death [37]. The albaflavenone is classified as a terpene and is produced by 
Streptomyces albidoflavus [38]. Previous studies have reported that albaflavenone inhibits Bacillus subtilis 
[34]. The citrulassin D belongs to the lassopeptides and displays antibacterial activity against Listeria 
monocytogenes and Klebsiella pneumoniae [39]. However, the mechanism of antibacterial activity of 
albaflavenone and citrulassin D is still unclear. 
 
Table 2 The secondary metabolites producing Biosynthetic Gene Clusters as predicted by antiSMASH. 

Contig Region Position (bp) Type Most similar known cluster 
Similarity 

(%) 

1 

1.1 133475-154380 Terpene Cosmomycin C 3 % 

1.2 382904-409564 Terpene Hopene 84 % 

1.3 431790-557986 T1PKS Monensin 79 % 
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Contig Region Position (bp) Type Most similar known cluster 
Similarity 

(%) 

1.4 709035-741119 T3PKS, NRPS Corbomycin 59 % 

2 2.1 224309-234686 Melanin Istamycin 5 % 

3 
3.1 44613-94629 NRPS Mirubactin 50 % 

3.2 196779-240843 NRPS-like Foxicin A/Foxicin B/Foxicin C/Foxicin 39 % 

4 
4.1 1-18870 Blactam valclavam/(-)-2-(2-hydroxyethyl)clavam 50 % 

4.2 346560-369136 Lassopeptide Citrulassin D 100 % 

5 5.1 182693-205329 Lanthipeptide-class-iii Informatipeptin 42 % 

6 6.1 352562-435108 T3PKS, NRPS Corbomycin 48 % 

11 11.1 1657-12061 Ectoine Ectoine 100 % 

 11.2 176677-198899 Terpene Geosmin 100 % 

15 15.1 227957-250273 NRPS 
Bosamycin A/Bosamycin B/BosamycinC/ 
Bosamycin D/Bosamycin E/Bosamycin F 

33 % 

18 18.1 169254-207579 T1PKS α-lipomycin 18 % 

19 19.1 62867-142734 
NRP-metallophore, 
NRPS, NI-siderophore 

Coelichelin 100 % 

24 24.1 1-25106 Terpene Isorenieratene 100 % 

27 27.1 52209-73246 Terpene Cyclooctatin 50 % 

28 28.1 8743-81231 T2PKS Nenestatin 55 % 

32 32.1 22753-43703 Terpene Albaflavenone 100 % 

36 36.1 1-60164 T1PKS Macrotermycins 53 % 

38 38.1 33851-55050 Terpene Leucomycin 11 % 

 
The antimicrobial activity of crude ethyl acetate extracts from Streptomyces sp. PA5.6 against bacteria 

was demonstrated by the cross-streak method and agar well diffusion. The results revealed that 
Streptomyces sp. PA5.6 can inhibit drug-sensitive, drug-resistant and clinical bacteria strains, except for 
P. aeruginosa and CRPA (Figure 5). Furthermore, the results on the efficacy of the crude ethyl acetate 
extract from Streptomyces PA5.6 revealed that the crude extract exhibited high activity against VREF (17.0 mm) 
followed by E. faecalis (15.0 mm), CRPA (14.0 mm), A. baumannii (13.0 mm), P. aeruginosa (12.5 mm), 
MRSA (11.5 mm), ESBL-E. coli (11.5 mm), E. coli (10.0 mm) and S. aureus (9.0 mm) (Figure 6). These 
data indicate that the Streptomyces sp. PA5.6 strain isolated from soil in the deciduous dipterocarp forest 
has antimicrobial activity. 
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Figure 5 Antibacterial activity of Streptomyces sp. PA5.6 by the cross-steak method. 
 
 

 

Figure 6 Inhibition zones of crude ethyl acetate extract of Streptomyces sp. PA5.6 against drug-sensitive, drug-
resistance and clinical bacteria strains: (a) S. aureus, (b) E. faecalis, (c) E. coli, (d) A. baumannii, (e) P. 
aeruginosa, (f) MRSA, (g) VREF, (h) ESBL-E. coli and (i) CRPA. 
 
 

Further study of the crude ethyl acetate extract of Streptomyces sp. PA5.6 by gas chromatography-
mass spectrometry (GC-MS) analysis revealed 26 compounds. However, a literature review supported only 
16 compounds that showed bacterial activity and their mechanisms of action (Table 3). Additionally, the 
data in Table 3 show the mechanisms of antibacterial activity for each compound, compiled from various 
studies. The GC-MS analysis revealed that the major active compounds include Benzeneacetic acid (2.14 
%), benzeneacetic acid, 4-hydroxy (0.98 %) and benzeneacetamide (0.43 %). Previous studies have reported 
that Benzeneacetic acid and Benzeneacetamide were detected in the ethyl acetate extract of Streptomyces 
sp. Al-Dhabi-1, Streptomyces sp. strain EA-PWS52 and Streptomyces achromogenes TCH4 and exhibited 
potential antibacterial activity [11,23,40]. Benzeneacetic acid inhibits protein synthesis and affects the 
integrity of the cell membrane, leading to the leakage of substances and eventual cell death [41], while 
Benzeneacetamide inhibits topoisomerase IV (ParE), resulting in the inhibition of bacterial cell 
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proliferation [42]. Benzeneacetic acid, 4-hydroxy, exhibited activity against Listeria monocytogenes, 
inducing cell death by disrupting the cell membrane and reducing the expression of three virulence factors 
that affect its interaction with host cells [43]. Additionally, there are 13 other minor compounds (ranging 
from 0.12 to 0.35 %) recognized for their antibacterial properties due to their effects on the cell membrane, 
fatty acid synthesis, DNA replication and inhibition of Quorum Sensing; these minor compounds result in 
the leakage of substances and the inhibition of bacterial cell division, leading to cell death [44-56]. 
Therefore, our results propose that both major and minor compounds in the crude ethyl acetate extract of 
Streptomyces sp. PA5.6 own antimicrobial activity. 
 
 
Table 3 Compounds in crude ethyl acetate extract of Streptomyces sp. PA5.6 by GC-MS analysis and their 
mechanism of antibacterial activity. 

No. 
Retention time 

(RT) 
Compounds Quality 

Peak aera 
(%) 

Mechanism of antibacterial activity 

1 6.89 Benzeneacetaldehyde 93 0.13 Damage cell membrane [44] 

2 8.41 Butanedioic acid 80 0.14 Damage cell membrane [45] 

3 8.90 Benzothiazole 89 0.17 Inhibit DNA replication [46] 

4 9.17 Benzeneacetic acid 91 2.14 
Damage cell membrane 
and inhibit protein synthesis [41] 

5 9.29 Propanoic acid 53 0.30 Damage cell membrane [47] 

6 9.87 Benzenepropanoic acid 97 0.22 Damage cell membrane [48] 

7 9.91 Benzamide 93 0.19 Inhibit cell division protein FtsZ [49] 

8 9.96 3,5-Dihydroxytoluene 74 0.13 
Inhibit fatty acid attach to the cell 
wall [50] 

9 10.04 
Propanoic acid, 2-methyl-, 2,2 dimethyl-
1-(2-hydroxy-1-methylethyl)propyl ester 

53 0.35 Break down the DNA structure [51] 

10 10.45 Benzeneacetamide 91 0.43 
Inhibit DNA replication 
(topoisomerase IV: ParE) [42] 

11 10.69 Benzeneethanol, 4-hydroxy- 90 0.25 
Inhibit Quorum Sensing regulated 
virulence factor production [52] 

12 11.38 Phenol, 2,4-bis(1,1 dimethylethyl)- 94 0.13 
Inhibit Quorum Sensing regulated 
virulence factor production [53] 

13 11.88 Benzeneacetic acid, 4-hydroxy- 87 0.98 Damage cell membrane [43] 

14 16.02 Octadecanoic acid 97 0.12 
Damage cell membrane, inhibit 
transcription and translation [54] 

15 16.85 Tricosane 87 0.14 Inhibit fatty acid synthesis [55] 

16 17.95 Pentacosane 87 0.19 Damage cell membrane [56] 
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Conclusions 

The Streptomyces sp. PA5.6 isolated from the soil in the deciduous dipterocarp forest at the University 
of Phayao in Northern, Thailand, is identified as a new species. The genome sequence of Streptomyces sp. 
PA5.6 has been submitted to GenBank under the accession number JAROKT000000000. AntiSMASH 
analysis predicts 22 putative secondary metabolites BGCs. The gene clusters of terpene, Type I PKS, NRPS 
and lassopeptide are involved in the biosynthesis of antimicrobial metabolites. Additionally, functional 
predictions are related to the biosynthesis of antimicrobial-associated metabolites, including albaflavenon, 
monensin and citrulassin D. The screening for antimicrobial activity of Streptomyces sp. PA5.6 by the 
cross-streak method showed that it can inhibit drug-sensitive, drug-resistant and clinical bacteria strains. 
Furthermore, crude ethyl acetate extract from Streptomyces PA5.6 exhibits antibacterial activities. GC-MS 
analysis of crude ethyl acetate extract showed 3 major compounds: Benzeneacetic acid (2.14 %), 
benzeneacetic acid, 4-hydroxy (0.98 %) and benzeneacetamide (0.43 %), and 13 minor compounds that 
exhibit antimicrobial activity. Therefore, Streptomyces sp. PA5.6 should be considered a promising 
organism for the efficient production of metabolites against drug-sensitive, drug-resistant and clinical 
bacteria strains. 
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