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Abstract. Ambarwati A, Wahyuono S, Moeljopawiro S, Yuwono T. 2020. Antimicrobial activity of ethyl acetate extracts of Streptomyces 
sp. CRB46 and the prediction of their bioactive compounds chemical structure. Biodiversitas 21: 3380-3390. The goal of the research 
was to determine the antimicrobial activity of ethyl acetate extracts of Streptomyces sp. CRB46 and predict their chemical structure of 
the bioactive compounds based on the AntiSMASH analysis of the whole genome sequencing. Streptomyces sp. CRB46 was isolated 
from Cyperus rotundus L. rhizosphere in the Cemoro Sewu highland, Indonesia (1920 meters above sea level). The results showed that 
the supernatant ethyl acetate (EAS) extract could inhibit 11 of 12 tested microorganisms with a diameter of the inhibition zone ranging 
from 17-35 mm (paper disc method). The supernatant extract was found more effective in inhibiting microorganisms than the ethyl 
acetate extract of pellets (EAP). The EAP extract was only able to inhibit the growth of seven tested microorganisms (16-26 mm). The 

results of LCMS analysis showed that crude extract of EAS consisted of 20 mixtures of organic compounds. Based on FTIR analysis, 16 
functional groups were found in the EAS extracts. In addition, based on AntiSMASH analysis, it was also found that Streptomyces sp. 
CRB46 produced eight classes of bioactive compounds, but only six compounds have been identified as their chemical structures. It can, 
therefore, be concluded that Streptomyces sp. CRB46 has the potential to produce bioactive compounds that can be used for microbial 
infection treatment. 
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INTRODUCTION 

Many studies have been carried out to obtain new 

antibiotics from various types of microorganisms, but the 

previous studies are mainly focused on the genus 

Streptomyces. This fact may be attributed to the fact that 

Streptomyces are known as the biggest secondary bioactive 

metabolites compound producer, especially antibiotics. 

About 75-80% of the antibiotics that have been found are 

produced by Streptomyces (Arifuzzaman et al. 2010; Ullah 
et al. 2012). 

Currently, 4,000 antibiotics are produced by bacteria, 

fungi, and Streptomyces (Okami and Hotta 1988; Korn-

Wendisch and Kutzner 1992). Fifty percent of 10,000 

bioactive compounds are produced by Streptomyces species 

(Anderson and Wellington 2001). More than 500 types of 

antibiotics have been produced by Streptomyces, 60 types 

of antibiotics have found many applications in medicine, 

agriculture, and industry (Madigan et al. 2003). Based on 

the data of the Italian Antibiotic Literature Database 

(ALD), among 8000 antimicrobials, 45.6% are produced by 
Streptomyces, and only 21.5% are produced by fungi, 

16.9% from other bacteria, and 16% from other 

Actinomycetes (Lazzarini et al. 2000). 

Isolation of antibiotic-producing Streptomyces from soil 

has been widely carried out; however, not many attention 

has been focused on the use of soils from the highlands as 

the microbial source. The highland plateau is one of the 

extreme habitats for microorganisms. It is generally 

understood that microorganisms thrive in extreme 

environments have the ability to produce bioactive 

compounds (Sivalingam et al. 2019). The aim of this study 

was to determine the antimicrobial activity of ethyl acetate 
extracts of Streptomyces sp. CRB46, isolated from the 

rhizosphere of Cyperus rotundus L. grew in Cemoro Sewu 

highland, and to suggest the chemical structures of the 

bioactive compounds. Previous research has demonstrated 

that the ethyl acetate extract of two Actinomycetes isolates 

from the Torosiaje mangrove forest, Gorontalo has the 

potential to inhibit the growth of pathogenic 

microorganisms. The bioautography results show that the 

active compound from one isolate, namely FUAm2-h1, has 

an Rf value of 0.94 (Retnowati et al. 2018). Another study 

has shown that the supernatant crude extract of 
rhizospheric actinomycetes also inhibits the growth of 

urinary tract infections bacteria (Apsari et al. 2019).
 

The advances in DNA sequencing technology 

combined with bioinformatics (genome mining) enable the 
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rapid identification of gene clusters that encode secondary 

bioactive compounds and make predictions of the chemical 

structure of these bioactive compounds based on gene 

sequence information (Farnet and Zazopoulos 2005). At 

present, various web-based bioinformatics technologies 

have been developed, including the Antibiotics and 

Secondary Metabolite Analysis (AntiSMASH) (Blin et al. 

2019). AntiSMASH bioinformatics technology can provide 

data for the identification of gene clusters that specifically 

encode antibiotics and other bioactive compounds. The 
previous research, based on the AntiSMASH version 3.0 

analysis, shows that Streptomyces sp. GMR22 isolated 

from Cajuput rhizospheric soil at Wanagama Forest has 63 

gene clusters that encode the biosynthesis of secondary 

metabolites (Herdini et al. 2017). 

MATERIALS AND METHODS 

Collection of soil sample 

The soil sample was taken from the Cyperus rotundus 

rhizosphere of Cemoro Sewu highland, Magetan District, 

East Java, Indonesia (1920 m asl.). The soil was collected 

from three sites and placed in a sterile plastic bag.   

Isolation, purification of Streptomyces sp. CRB46 

Streptomyces sp. CRB46 was isolated from soil samples 

on Raffinosa-Histidine Agar (RHA) media using spread 

plate method. Purification of Streptomyces sp. CRB46 was 

performed on Starch-Casein Agar (SCA) by streak plate 

method. 

Test microorganisms 

A total of 12 test microorganisms were used in this 

study. Staphylococcus aureus ATCC 25923, 

Staphylococcus epidermidis ATCC 12228, Bacillus subtilis 

FNCC 0060, Bacillus cereus, Bacillus alvei, and Bacillus 
licheniformis were representing Gram-positive bacteria. 

Escherichia coli ATCC 35281, Salmonella typhimurium 

ATCC 14028, Pseudomonas aeruginosa ATCC 35281, 

Klebsiella pneumoniae ATCC 33495 and Proteus vulgaris 

ATCC 49132 were representing Gram-negative bacteria 

and Candida albicans was representing fungi.  

Antimicrobial activity of Streptomyces sp. CRB46 

extracts 

Primary screening test for antimicrobial activities of 

Streptomyces sp. CRB46 was carried out on four test 

microorganisms, namely: S. aureus ATCC 25923, B. 

subtilis FNCC 0060, E. coli ATCC 35281, and C. albicans. 
The test was carried out using block agar method with a 

diameter of 6 mm (Nedialkova and Naidenova 2005). 

Further screening was done by testing the activity of the 

ethyl acetate extracts of supernatant (extracellular) and 

pellet (intracellular) of Streptomyces sp. CRB46 on 12 test 

microorganisms using the paper disc dilution method (6 

mm paper diameter).  

Crude extracts were firstly diluted by adding absolute 

ethanol. Dilution was carried out both on extracellular and 

intracellular extracts of Streptomyces sp. CRB46 with a 

final concentration of 5 mg/mL. Paper disc was then 

dropped with extract volume of 10 µL respectively and 

placed on one of the quadrants on a petri dish containing 

Nutrient Agar media inoculated with a test microorganism. 

Absolute ethanol was used as the negative control, while 

antibiotic chloramphenicol and streptomycin (PA with 98% 

concentration, respectively) were used as the positive 

controls. All cultures were then incubated at 30 oC for 24 

hours. The level of inhibition, marked by the formation of 

inhibition zone, were then categorized. If the diameter of 
the inhibition zone was 7-15 mm, the inhibitory activity 

was categorized as weak, 16-25 mm as moderate, while 

more than 25 mm was considered as strong (Nedialkova 

and Naidenova 2005).  

Identification of Streptomyces sp. CRB46 

Streptomyces sp. CRB46 was identified based on cell 

and colony morphology by Gram staining procedure 

(Prescott 1999). Molecular identification of Streptomyces 

sp. CRB46 was carried out by 16S rDNA sequencing and 

further confirmed by whole-genome sequencing. DNA 

isolation was carried out as described by Magarvey et al. 
(2004). DNA sequencing was carried out at First BASE 

Laboratories Bhd, Selangor, Malaysia. The purification of 

PCR products was carried out by using PCR purification 

kit of the BigDye® Terminator KIT v3.1 Cycle Sequencing 

Kit. The sequencing was conducted by using ABI PRISM 

3730xl Genetic Analyzer Applied Biosystems, USA).
 

Cultivation and extraction of bioactive compound 

(antibiotics) 

Three grams of cell pellets of Streptomyces sp.  CRB46 

was inoculated into 300 mL of Raffinosa Histidine broth. 

The culture was incubated with shaking at 160 rpm, 28C 

for ten days (Alimuddin et al. 2010; Charousova et al. 

2015). After ten days, the pellets and supernatants were 

separated by centrifugation at 4000 rpm, 4C for 35 
minutes. Both pellets and supernatant were stored for 

intracellular and extracellular antibiotics extraction. 
 

Both intracellular (pellet) and extracellular 

(supernatant) antimicrobial substances were extracted using 

ethyl acetate (1:1 v/v) as the solvent. Pellet cells were 

crushed with a mortar followed by the addition of 5 mL 

ethyl acetate. The mixture was shaken overnight and 

centrifuged at 4000 rpm for 35 minutes at 4 oC to separate 

the cell debris from the ethyl acetate phase. The mixture of 

supernatant and the solvent was shaken for one hour and 

kept stationary for 15 minutes to separate the organic phase 

and the water phase. Furthermore, the organic phase of 
intracellular and extracellular solvent extract were 

evaporated in a water bath at 80C (Retnowati et al. 2018). 

Both crude extracts were then diluted with absolute 

ethanol. The percentage of yield extract were calculated 

using the formula: Extract yield % = R/S x 100 (where R; 

weight of crude extract,  S; weight of the pellet or volume 

of supernatant (Mostafa et al. 2018). 

TLC of supernatant extract and bioautography assay 

Five mg of dried crude extracts of ethyl acetate 

supernatant and ethyl acetate extract of cell pellets of 



 BIODIVERSITAS 21 (7): 3380-3390, July 2020 

 

3382 

CRB46 were diluted with 1 mL absolute ethanol. 

Subsequently, 10 µL of diluted extracts were dropped on to 

GF254 silica gel plate as the stationary phase, with 

capillary pipes. Prior to use, the GF254 silica gel plate was 

first cut to size 10 X 20 cm and activated by heating it at 

120 oC for 60 minutes). The GF254 silica gel plate was 

then eluted in a TLC vessel, which contained chloroform-

methanol (4:1 v/v) as the mobile phase. After the solvent 

reached the specified height limit, the TLC plate was 

removed and dried. The presence of spots on the TLC 
chromatogram was visualized under UV light with ƛ254 

and 366 nm (Naikpatil and Rathod 2011). 

The bioautography assay was carried out by attaching 

the TLC chromatogram plate onto the surface of the 

Nutrient Agar medium, which had been inoculated with 12 

test microorganisms as used for antimicrobial activity of 

EAS and EAP extracts. The TLC chromatogram plates 

were contacted for 20 minutes, followed by incubating the 

culture 37 oC for 24 hours after removing the TLC plate. 

The formation of the inhibition zone as influenced by the 

spot on to the test microorganisms was observed. The 
location of the inhibition zone was matched with the spot 

position on the TLC plate, and the Rf value was calculated 

(Gulve and Deshmukh 2012; Shetty et al. 2014). 

LCMS analysis of bioactive compounds 

The quantitative bioactive compound analysis on  EAS 

and EAP extracts was carried out with LCMS. Five µL of 

sample was centrifuged at maximum speed, followed by 

injection into a Shimadzu single quadrupole LCMS-201 0A 

mass spectrometer. The compounds were separated in 

ACQUITY UPLC @ BEH C18 1.7 µm column using a 

gradient of solvent A (0.1% formic acid in water) and 
solvent B (0.1% formic acid in acetonitrile). Flow speed 

was set 0.35 mL/minute; 0.01-0.5 minutes 15% B, 0.5-7 

minutes 15-95% B, 7-8 minutes 95% B, 8-8.2 minutes 95-

15% B, 8.2-15 minutes 15% B. Mass spectra (mz) were 

obtained in positive ion mode with capillary voltage at 3.5 

kV (Retnowati et al. 2018). 

FTIR analysis of bioactive compounds 

The analysis of functional group of bioactive 

compounds in EAS extract was carried out by using FTIR 

as described in the Thermo Scientific Nicolet iS10 FTIR tool.  

AntiSMASH analysis to predict the chemical structures 

of the bioactive compounds 
The prediction of the chemical structures of bioactive 

compounds produced by Streptomyces sp. CRB46 was 

performed using AntiSMASH software (Blin et al. 2019) 

based on the whole-genome sequencing of Streptomyces 

sp. CRB46. 

RESULTS AND DISCUSSION 

Isolation and Identification of Streptomyces sp. CRB46  

Streptomyces sp. CRB46 was one of 31 isolates 

Streptomyces isolated from Cyperus rotundus L. 

rhizosphere in the Cemoro Sewu highland grown on RHA 

media.  The colony diameter of Streptomyces sp. CRB46 

ranges from 6-8 mm, circular form, flat elevation, and 

entire margin. Streptomyces sp. CRB46 was a branching 

rod, purple and Gram-positive bacteria.  

Based on the 16S rDNA sequencing, Streptomyces sp. 

CRB46 (NCBI accession number: MN784503) was 

confirmed as sister clade and identical with Streptomyces 

rochei strain NRRL B 2410 with a 100% similarity level. 

The whole genomes sequencing data, however, showed 

that the similarity level of Streptomyces sp. CRB46 with 
Streptomyces rochei strain NRRL B 2410 was only 95.31%.  

Primary screening for bioactivity of Streptomyces sp. 

CRB46  

Based on the primary screening test for antimicrobial 

activities, it was observed that Streptomyces sp. CRB46 

capable of inhibiting the Staphylococcus aureus (S. aureus) 

ATCC 25923 growth with diameter of inhibition zone was 

15 mm and Candida albicans of 30 mm. 

Streptomyces sp. CRB46 extraction yield  

One of the principles in the extraction process is that 

polar compounds are dissolved using polar compounds, and 
vice versa, non-polar compounds are dissolved in non-polar 

compounds, so that all bioactive compounds can be 

dissolved in solvents. However, the nature of bioactive 

compounds produced by Streptomyces sp. CRB46 has not 

yet been identified. Therefore, semi-polar ethyl acetate was 

chosen as a solvent in extraction, both for EAS and EAP 

extraction. Previous studies also used ethyl acetate as the 

solvent in the extraction of Actinomycetes from 

rhizosphere soil from mangrove (Retnowati et al.  2018), 

Streptomyces omiyaensis SCH2 from mangrove sediment 

(Tangjitjaroenkun 2018) and Actinomycetes from maize 
rhizosphere soil in Nusa Tenggara Timur (Apsari et al. 

2019). The percentage yield of EAS extract was 20%, much 

higher than the percentage yield (2.89%) of EAP extract.   

Antimicrobial activity of Streptomyces sp. CRB46 extracts 

The antimicrobial activity of extracts is presented in 

Table 1 and Figure 1. Table 1 showed that the highest 

antimicrobial activity was against Gram-positive bacteria, 

despite the fact that almost all of test bacteria were inhibited 

by the EAS crude extract as demonstrated by the diameter 

of inhibition zone which is in the range of 17-35 mm. 

Table 1 shows that the negative control, absolute 

ethanol (98%) used to dilute the extract, did not exhibit any 
antimicrobial activities to all test microorganisms. Ethanol 

is volatile organic alcohol (flash point, 13 °C), therefore it 

rapidly evaporated after being dropped on a paper disc 

(Chatterjee et al. 2006). Therefore, it is clear that the 

inhibition of test microorganisms was caused by the 

bioactive compounds contained in the extract, not the 

solvent. In positive control, two standard antibiotics were 

used, i.e. chloramphenicol and streptomycin. The results 

showed that both chloramphenicol and streptomycin 

inhibited all test bacteria, except S. epidermidis ATCC 

12228, which was not inhibited by streptomycin. In 
addition, it was also known that chloramphenicol activities 

were better than streptomycin.
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Table 1 also showed that the antimicrobial activity of 

EAS crude extract was generally better than EAP crude 

extract, not only in terms of the antimicrobial spectrum, but 

also the diameter of inhibition zone. The EAS extract is a 

potent antibacterial and anticandidal compound, in contrast 

to the EAP extract which did not exhibit anticandidal 

activity. The EAS extract was found to inhibit 11 of 12 

tested microorganisms with a diameter of the inhibition 

zone ranging from 17-35 mm, while the EAP  extract was 

only able to inhibit the growth of seven test 
microorganisms (16-26 mm). It was also found that only K. 

pneumoniae ATCC 33495 which was not inhibited by EAS 

extract. Previous study, however, showed that antibacterial 

activity of intracellular crude extract of two potential 

strains of Actinomycetes were higher than the extracellular 

extract (Retnowati et al. 2018).  

The EAS extract also inhibited five test microorganisms 

with the diameter of inhibition zones of more than 25 mm, 

therefore it is considered as a strong antibacterial 

compound (Nedialkova and Naidenova 2005). The five test 

microorganisms inhibited by the EAS extract were S. 
aureus ATCC 25923 (34 mm inhibition zone), B. subtilis 

FNCC 0060, and P. aeruginosa ATCC 27853 (26 mm of 

inhibition zones), B. licheniformis (27 mm) and C. albicans 

(35 mm). 

Table 1. Antimicrobial activity of ethyl acetate extract of 
Streptomyces sp.  CRB46 

 

Test microorganisms 
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zone (mm) 

A
b

so
lu

te
 

et
h

a
n

o
l 

C
h

lo
ra

m
-

p
h

en
ic

o
l 

S
tr

ep
to

-

m
y
ci

n
 

E
A

P
 

E
A

S
 

S. aureus ATCC 25923 - 36 30 25 34 

S. epidermidis ATCC 12228 - 27 - 22 23 
B. subtilis FNCC 0060 - 39 28 21 26 
B. cereus - 30 30 - 17 
B. alvei - 30 33 16 25 
B. licheniformis - 47 35 26 27 
E. coli ATCC 35281 - 45 35 - 23 
S. typhimurium ATCC 14028 - 33 36 20 25 
P. aeruginosa ATCC 27853 - 35 30 21 26 

K. pneumoniae ATCC 33495 - 17 30 - - 
P. vulgaris ATCC49132 - 47 38 - 25 
C. albicans - - - - 35 

Note: Negative control: absolute ethanol, positive control I: 
chloramphenicol, positive control II: streptomycin, EAP:  pellet  
ethyl acetate extract (intracellular), EAS: supernatant ethyl acetate 
extract (extracellular) 

 
 

    
S. aureus S. epidermidis B. subtilis B. cereus 

    
B. alvei B. licheniformis E. coli S. typhimureum 

    
P. aeruginosa K. pneumoniae P. vulgaris C. albicans 

 

Figure 1. Antimicrobial activity of Streptomyces sp.  CRB46  extracts toward test microorganisms 
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On the other hand, only one bacterium was inhibited by 

EAP extract with a strong category, i.e. B. alvei (26 mm 

inhibition zone) (Figure 1). Nevertheless, the inhibition 

zone by EAS extract was smaller than the two standard 

antibiotics. Similarly, previous work demonstrated that the 

antibacterial activity of Actinomycetes crude extract was 

lower than the antibacterial activities of standard 

antibiotics, such as ampicillin and chloramphenicol 

(Retnowati et al. 2018). Mode of action of antibiotics 

produced by Streptomyces, like tetracycline, spectinomycin 
streptomycin, kanamycin, and gentamicin is through the 

inhibition of protein synthesis (Procopio et al. 2012). 

The active compound in secondary metabolite crude 

extract 

The spot profiles of the bioactive compound from the 

EAS extract in the TLC chromatogram and their 

bioautography results are presented in Figure 2. Figure 2 

demonstrates that eight spots in the TLC chromatogram of 

EAS crude extract (A)  and five spots of EAP crude extract 

(B), suggest the inhibiting feature on some test bacteria. 

Inhibition was not only against Gram-positive bacteria but 

also against Gram-negative bacteria. Spot on the EAS 

extract was capable of inhibiting five test bacteria, 

including S. aureus ATCC 25923, B. subtilis FNCC 0060, 

and B. licheniformis (Gram-positive) and S. typhimurium 

ATCC 14028 and P. aeruginosa ATCC 27853 (Gram-

negative) with a large inhibition zone. On the other hand, 
spot-on EAP crude extract only inhibited two test bacteria, 

i.e. B. subtilis FNCC 0060 and S. typhimurium ATCC 

14028 with smaller inhibition zones. Previous work 

(Retnowati et al. 2018), demonstrated that crude extract of 

an Actinomycetes isolated from the rhizosphere soil of the 

Torosiaje mangrove forest, Gorontalo, was found only 

inhibited the growth of S. aureus. 

 
 

 

 
Figure 2. Bioautography results from the EAS and EAP crude extracts of Streptomyces sp.  CRB46 
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Based on the bioautography, it is estimated that the spot 

of the EAS crude extract chromatogram that inhibited the 

test bacteria had an Rf of 1.00 and, while the EAP crude 

extract had an RF of 0,97. Similar results were also found 

with the actinomyces isolate (FUAm2-h1 strain) from 

Torosiaje mangrove forest, Gorontalo, which had an Rf of 

0.94 (Retnowati et al. 2018). The bioautography test also 

supports the results of antimicrobial activity analysis that 

EAS demonstrated better inhibitory effect than EAP, thus 
confirmed that potential bioactive compounds from  

Streptomyces sp.  CRB46 was found extracellularly. 

Supernatant extracts of Streptomyces sp. VITBRK2, 

isolated from marine sediments in Chennai, Tamil Nadu, 

India, was also shown to have more potential activity in 

inhibiting test bacteria than the intracellular compounds 

(Rajan and Kannabiran 2014). Similarly, supernatant 

extracts of Streptomyces sp. ERI-15 isolated from soil in 

India also showed potential as an antimicrobial 

(Ignacimuthu et al. 2017). 

Characters and identity of the active compounds 

The spectrum of bioactive compounds based on 

separation with LCMS of EAS and EAP crude extracts are 
presented in Figure 3 while the functional group analysis 

with FTIR is presented in Figure 4. 

 

 

 

 

 
 
Figure 3. LCMS Chromatogram from EAS and EAP crude extracts of Streptomyces sp.  CRB46 
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Figure 4. Spectral mass of retention time of  6.56 minutes 
 
  

 
 
Figure 5. Spectral mass of retention time of  11,93 minutes 

 
 
 

Figure 3 shows that EAS crude extract had a bioactive 

compound consisting of 20 mixtures of organic compounds 

(20 peaks). Among 20 compounds, three highest peaks 

were observed depicting the main compounds. The first 

main compound (first peak) was detected with a retention 
time of 6.56 minutes (Figure 4), with a molecular weight of 

163.02 g/mol. The second main compound (second peak) 

had a retention time of 11.93 minutes (Figure 5), with a 

molecular weight of 149.02 g/mol and 301.14 g/mol. While 

the third main compound (third peak) was detected at 16.22 

minutes (Figure 6), with molecular weights of 111.02 

g/mol and 239.20 g/mol. The EAP crude extract, however, 

only consists of 15 mixtures of organic compounds with 
two main compounds with the retention time of 6,88 

minutes with molecular weight of  163,02 g/mol and 13,11 

minutes (149,02 g/mol).
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Table 2. The functional groups in the extracellular (EAS) extracts of Streptomyces sp.  CRB46 
 

Frequency 

range (cm-1) 

Absorbance 

EAS (cm-1) 

Absorption 

range (cm-1) 

Functional 

group 
Compound class 

4000-3000 3318.72 3350-3310 N-H Secondary amine 
3000-2500 2972.73 3000-2840 C-H Alkane 

 2928.72 3000-2840 C-H Alkane 
 2881.73 3000-2840 C-H Alkane 

2400-2000 2128.88 2160-2120 N=N=N Azide 
2000-1650 1925.55 2000-1650 C-H Aromatic compound (overtone) 

 1659.29 1690-1640 C-N Imine/okime 
1600-1300 1451.69 1465 C-H Alkena  (methylene group) 
1400-1000 1418.15 1400-1395 O-H Carboxylic acid 

 1379.64 1390-1310 O-H Phenol 
 1327.95 1342-1266 C-N Aromatic amine 
 1274.16 1275-1200 C-O Alkyl, aryl, ether 
 1087.10 1124-1087 C-O Secondary alcohol 
 1045.24 1050-1040 CO-O-CO Anhydride  

900-700 879.73  C-H 1,3-disubstituted/1,2,4-trisubstituted benzene 

 802.64 810 ± 20 C-H 1,4 disubstituted/1,2,3,4 tetrasubstituted benzene 

 

 

 
Figure 6. Spectral mass of retention time of  16,22  minutes 

 

 

The FTIR analysis (Figure 7) shows that EAS extract 

had an IR spectrum of 16 peaks. It is shown in Table 2 that 

the range of absorbance values at EAS extract is within the 

range of 3318.72 to 802.64 cm-1, while the functional 

groups of EAS extract include N-H, C-H, N = N = N, O-H, 

C-N, C-O, and CO-O-CO. 

The functional groups show that the compounds can be 

classified into amines, alkanes, aromatic compounds, 

imines/okime, carboxylic acids, phenols, aromatic amines, 
alkyl, aryl, ether, secondary alcohols, anhydrides, 1,3-

substituted/1,2,4,4 substituted benzene and 1.4 

substituted/1,2,3,4 tetrasubstituted benzene. Similar results 

were also reported by Retnowati et al. (2018), despite the 

fact that some differences were also observed, particularly 

in terms of the functional groups.
 

Prediction of bioactive compounds produced by 

Streptomyces sp. CRB46 and their chemical structures  

The advances in bioinformatics technology make it 

possible to predict the chemical structure of compounds 

produced by Streptomyces, by analyzing sequences of 

whole-genome sequencing by using AntiSMASH software 

(Blin et al. 2019). The results of AntiSMASH 5.00beta1-

ca06418 analysis, demonstrated that Streptomyces sp. 

CRB46 produced eight types of bioactive compounds with 
100% similarity to other compounds found in Streptomyces 

species. It, therefore, can be ascertained that Streptomyces 

sp. CRB46 produced all of eight secondary metabolites, i.e. 

SAL-2242 (lanthipeptide), albaflavenone (terpene), 

isorenieratene (terpene), geosmin (terpene), 7-prenilisatine 

(other), ectoine (other), melanin (other) dan 

micromonolactam (PKS-1). Nevertheless, of the eight 
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compounds, only six compounds had their chemical 

structure known. The predicted chemical structures of the 

six compounds are presented in Figure 5. 

Geosmin compound produces an earthy-musty odor, a 

smell like freshly-plowed soil, which is one of the 

characteristics of Streptomyces (Pan et al. 2009; Hikida et 

al. 2011). Geosmin is a volatile metabolite (Jüttner and 

Watson 2007), produced by Streptomyces coelicolor A3(2) 

(Jiang et al. 2007) which does not have any antibiotic 

activity (Seipke et al. 2012). Ectoine is synthesized by 
bacteria in response to high salinity or osmolarity and or 

extreme growth temperatures (Czech et al. 2018). Ectoine 

produced by Streptomyces can act as an antifungal and 

inhibit the growth of Phytophthora drechsleri (Sadeghi et 

al. 2017). The ectoine (other) compound can also be found 

in S. anulatus (Prabhu et al. 2004). 

Albaflavenone (terpene) is a sesquiterpene antibiotic 

produced by S. coelicolor A3(2) (Zhao et al. 2008; Lin and 

Chane 2009). Melanin has antibacterial activity and can be 

applied as a potential natural bacteriostatic agent in food or 

pharmaceutical industry (Xu et al. 2017). Melanin (other) is 

also produced by S. coelicolor A3(2) (Bentley et al. 2002).  

Isorenierantene (terpene) is an aromatic carotenoid and 

has antioxidant activity (Chen et al. 2018), synthesized by 

Streptomyces griseus subsp. griseus NBRC 13350 (Krügel 

1999). The 7-prenilisatine (other) compound has the 

antibacterial activity which inhibits the growth of Bacillus 

subtilis and is found in Streptomyces sp. MBT28 (Wu et al. 

2015).  
Micromonolactam is a new polyene macrocyclic 

compound, found in a marine organism, Micromonospora 

sp. However, micromonolactam does not have 

antimicrobial activity, therefore it cannot inhibit the growth 

of Bacillus subtilis, Mycobacterium smegmatis, 

Escherichia coli, Candida kefyr, and Aspergillus niger at 

the concentration of 0.5 μg μl−1 and 1.0 μg μl−1 (Skellam et 

al. 2013).  

 

 
 

 

 
 

Figure 7. The spectrum analysis of  EAS from Streptomyces sp. CRB46 using FTIR 
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Figure 8. Chemical structure of bioactive compounds produced by Streptomyces sp.  CRB46 
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This study clearly shows that Streptomyces sp. CRB46, 

isolated from the Cyperus rotundus L. rhizosphere in the 

Cemoro Sewu highland, has the potential to produce 

antimicrobial substances of eight classes based on the 

AntiSMASH analysis. The results also highlight the vast 

possibilities of exploring the highland habitat as a rich 

source of bioactive compounds-producing 

microorganisms.
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