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ABSTRACT

Peatland plays an important role not just as a carbon store but also in facilitat-
ing the flux of greenhouse gasses into the atmosphere. Apart from that, peat-
land is also home to a diverse population of microorganisms such as bacteria,
fungi, and actinomycetes. Actinomycetes were known to be one of the most
ubiquitous microbes that can be found in most of the soil types including peat
soil. In this study, seventy isolates of actinomycetes were isolated from the
peat soil using the soil dilution method. The 70 isolates of actinomycetes were
later screened for their ability to produce secondary metabolites and antimi-
crobial activities using the agar diffusion method before the selected potential
isolates were identified by targeting their 16S rRNA region. The results ob-
tained showed 34.3% produce cellulase followed by, 12.8, 31.7, 80.0, and 51.4%
for mannanase, xylanase, lipase, and protease respectively. The percentage of
actinomycetes producing antimicrobial activity was 27.1 and 21.4% for Ral-
stonia solanacearum and Colletotrichum gleosporioides respectively. All the select-
ed isolates of actinomycetes were identified as belonging to the genus of Strep-
tomycetes spp. The potential actinomycetes were stored in freeze-dried form
for future usage. This study showed that more diverse population of actino-
mycetes was obtained from the undisturbed forested peat soil area ecosystem
compared to the agricultural peat soil area.

Copyright: © 2024, J. Tropical Biodiversity Biotechnology (CC BY-SA 4.0)

INTRODUCTION

Malaysian peatlands were estimated to be about 2.6 Mha, with approxi-
mately 70% of these peatlands located in Sabah and Sarawak (Meilling
2016). These peat soils contained microbes that supported the formation
of the peat and the carbon and nutrient cycling which is important to the
ecosystem (Meilling 2016). One of the most studied peat soil microbes is
Streptomyces sp which belongs to the family of Actinomycetes.

Streptomyces sp. has been well known to researchers for its ability to
produce various beneficial activities such as bioactive compounds produc-
er, decomposer, and plant growth promoter (Abdulla & El-Shatoury
2007; Umi et al. 2019; Sapkota et al. 2020). Streptomyces spp. has been
known to produce more than 7600 compounds which makes them the
largest producers of bioactive compounds for microorganisms (Bérdy
2005). Secondary metabolites obtained from actinomycetes are of special
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interest to many researchers due to their diverse biological activities such
as antibacterial, antifungal, antioxidant, antitumor, and antiviral
(Niyasom et al. 2015). Many studies have been conducted using Strepto-
myces spp. isolated from soil samples for their bioactive compounds. Go-
pal and Thripathi (2020), noted that Streptomyces spp. isolated gave prom-
ising bioactive activity towards the plant pathogen Pseudomonas aerugino-
sa. Sapkota et al. (2020), noted that actinomycetes isolated from soil sam-
ples from different altitudes in Nepal were found to produce not just en-
zymatic activities but also antimicrobial activities against Staphylococcus
aureus, Klebsiella pneumoniae, and Escherichia coli.

Several studies on the isolation and activities of soil actinomycetes
isolated from peat soil have been documented (Lestari et al. 2019; Lisa et
al. 2022). Peat soil actinomycetes have been known to show good activi-
ties in producing bioactive properties. Lestari et al. (2019), observed that
actinomycetes isolated from a peat soil sample collected at Tajok Kayong
Village, Ketapang Regency a potential antimicrobial producing candidate
towards pathogenic microbes such as Escherichia coli and Staphylococcus
aureus. Lisa et al. (2022), also indicated that actinomycetes isolated from
soil had the potential to be developed into a biopesticide for Ralstonia sol-
anacearum. Apart from that Jeffrey et al. (2011), it was indicated that acti-
nomycetes isolated previously from forested soil at MARDI Peat Land
Research Station at Sessang, Sarawak were capable of inhibiting Ralstonia
solanacearum under in vitro screening.

In this study, the authors described the diversity and characteristics
of actinomycetes isolated from peat soil obtained from forested and agri-
cultural area at MARDI Peat Land Research Station at Sessang, Sarawak

MATERIALS AND METHODS

Collection of soil samples

Soil samples were collected from the MARDI Peat Land Research Sta-
tion at Sessang, Sarawak. Two types of soil samples that were collected
were the undisturbed forest soil (1.91890, 111.23657) where the peat soil
has not been used for any agricultural activity, and pineapple-planted soil
(1.92500, 111.23762) where it is currently being used for pineapple plant-
ing. Soil was collected by digging a hole approximately 10 cm deep using
a spade after removing approximately 3 cm of the soil surface. Samples
were kept in different sterile zip-lock polyethylene bags during transpor-
tation from MARDI Peat Land Research Station at Sessang, Sarawak to
MARDI Headquarters at Serdang, Selangor.

Isolation and enumeration of actinomycetes

Soil samples were air-dried for about a week to reduce the growth of
gram-negative bacteria. The dried soil samples were then ground to pow-
der form using a pestle and mortar. The ground samples were added to
the sterilised distilled water (sH,O) at the ratio of 10 g of soil in 100 ml
of sH,O. The suspensions were later agitated at 280 rpm for 1 h. Serial
dilution of 10-* to 10-7 was later prepared for each soil sample collected.
Hundred and fifty microliters of each suspension were later pipetted onto
the Starch Casein Agar plate (SCA) containing soluble starch, 10.0 g; Ca-
sein (vitamin free), 0.3 g, KNO3, 2.0 g, MgS04.7H20, 0.05 g, KeHPO4,
2.0 g, Na(Cl, 2.0 g; CaCOs3, 0.02 g; FeSO4.&H20, 0.01 g and agar, 18.0 g
in 1000 ml of distilled water with pH adjusted to 7 and lawned using a
spreader stick (Zareenkousar et al. 2022). The agar plates were later in-
cubated at room temperature (28 = 2°C) for 10-14 days for the actinomy-
cetes to emerge. Total plate counts were calculated from average counts
of three replicates and expressed as colony-forming units (c.f.u.) per gram
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of dry soil. The emerging colonies of actinomycetes were later trans-
ferred onto a fresh SCA plate and used as working cultures (Jeffrey et al.
2011).

Screening of extracellular enzyme activity

Screening for extracellular hydrolysis enzyme activities (mannanase, Xy-
lanase and cellulase) were carried using minimal medium agar containing
bacteriological peptone, 1.0 g; yeast extract, 1.0 g; KH,PO,, 0.5 g; (NH4)
oHPO,4, 1.0 g; MgSO,-7H,0, 0.5 g; agar, 15.0 g; and substrate, 1.0 g
which  contained Megazyme: AZO-CM-Cellulose, AZO-Carob-
Galactomannan and AZO-Xylan (oat) in 1000 ml of distilled water with
pH adjusted to 7 (Jeftrey et al. 2011). The protease test was conducted
using gelatin hydrolysis assay (Jing et al. 2020) while the lipase test was
conducted using the method used by Sinha et al. (2014). Plug of pure cul-
ture of’ Actinomycetes isolates were later inoculated onto these substrate
mediums. Results were obtained on day 5 after inoculation (Figure 1).

Figure 1. Clear zone forming indicating actinomycetes with the ability to pro-
duce enzyme to degrade cellulose.

Screening of antimicrobial activity

Plate diffusion method as propoesed by Bauer et al. (1966) with the sev-
erals modification suggested by Barakate et al. (2000) was used in screen-
ing of antimicrobial activities. Under this protocol, Actinomycetes iso-
lates were removed using a sterile cork bore (5 mm in diameter) to make
agar stabs and placed onto tested pathogenic bacteria lawn plates. For-
mation of clearing zone was observed and measured after 5 days of incu-
bation. Inhibition zone was measured from diameter of clear zone as ob-
served from the antagonistic reaction (Figure 2). For anti-fungal activity
screening, the fungal plug was placed on the middle of Potato Dextrose
Agar plate and the actinomycetes agar plug was placed at two opposite
side of the agar plate. Halo zone formed indicates antifungal activity be-
tween actinomycetes and the fungal test strain (Figure 38). Pathogenic
microbes strains used for in the screening were Ralstonia solanacearum
and Colletotrichum gleosporioides.
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Figure 2. Halo zone indicating antibacterial activity between actinomycetes and
Ralstonia solanacearum.

Figure 3. Halo zone forming indicating antifungal activity between actinomy-
cetes and Colletotrichum gleosporioides.

Isolation of genomic DNA

Genomic DNA (gDNA) was performed for 5 potential isolates of actino-
mycetes using MagAttract Microbial DNA Kit. Protocol used was as in-
dicated by the manufacturer (Qiagen 2022a).

Polymerase chain reaction (PCR) amplifications

Five of the best producing actinomycetes selected were identified using
primers flanking at their 16S rRNA region. Polymerase chain reaction
was carried out using 15.5 pl sterile distilled H.O, 2.5 pl 10X PCR buffer,
2.0 ul 25 Mm MgCl, 0.6 pl dntps, 0.4 ul Taq polymerase, 1.0 pl of 20
pmol of each primers COM1 (5-CAGCAGCCGCGGTAATAC-3") and
COM2 (5'-CCGTCAATTCCTTTGAGTTT-3) (Congestri et al. 2020)
which were used to identify the variable region of V4 and V5 of the ribo-
somal DNA and 2.0 pl of DNA per single reaction. Protocol for the ther-
mal cycler was as follows; initial denaturing at 94°C for 3 mins, followed
by 35 cycles of denaturing at 94°C for 45 s, annealing at 62°C for 45 s,
and elongation at 72 °C for 2 mins and a final elongation of 72 °C for 10
mins. PCR products obtained were loaded into the wells of a 1.0 % aga-
rose gel and ran at 80 V for 50 mins. The gel was later viewed using Gel
Documentation System from Biorad. PCR products were later purified
using QIAquick PCR & Gel Cleanup kit according to the protocol sug-
gested by the manufacturer (Qiagen 2022b).
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Sequencing of PCR products

Purified PCR products were later sent for sequencing, at the facilities of
Apical Scientific Sdn. Bhd., Selangor using ABI PRISM ® 377 DNA Se-
quencer (Applied Biosystems). The obtained sequences were then com-
pared to sequences available in the National Centre for Biotechnology
Information (NCBI) genebank database using the Basic Alignment
Search Tool (BLAST) (Altschul et al. 1990). The phylogenetic tree was
then constructed using the sequences obtained using Clustral X software
(Thompson et al. 2002). Unweighted Pair Group Method with Arithme-
tic Mean (UPGMA) algorithm was used for the construction of the phy-
logenetic tree.

Conservation of potential isolates

All the potential microbes were kept in freeze dry form (powder form) for
longer term safekeeping at MARDI Microbial Culture Collection
(MMCC), MARDI Serdang, Selangor.

RESULTS AND DISCUSSIONS

Isolation and enumeration of actinomycetes

A total of 70 isolates of actinomycetes were isolated from the peat soil.
The average colony forming unit of the actinomycetes from undisturbed
forest soil was 4.7 x 105 however the pineapple planted soil showed only
7.3 x 10%. In a previous study conducted by Jeffrey et al. (2011), it was
reported that cfu/g of actinomycetes obtained from the forest soil was 3.0
x 10* There was a slight increase in the cfu of actinomycetes from the
same location 10 years ago. This increase of actinomycetes cfu/g of soil
indicates that microbial population tends to build up if it is left undis-
turbed from any development. However, research done on the population
of actinomycetes at Sarawak wetland gave a lower cfu count on wetland
versus agriculture soil at 6.84x 10° cfu/g and 1.61 x10° cfu/g respective-
ly (Ann et al. 2020) which justifies that actinomycetes preferred dry area
rather than wet area.

It was observed that approximately 75.7% of the isolated actinomy-
cetes produce grey spores, followed by 20.0% with brown spores and on-
ly 4.3% of the actinomycetes produce black spores (Table 1). This finding
was almost the same as 10 years ago when Jeffrey et al. (2011) observed
that grey spore producer was the highest followed by brown and white
spores. However, it was not in line with the observation obtained from
Sapkota et al. (2020), where the researchers indicated that 10% of the ac-
tinomycetes they isolated produced grey spores and only 8% produced
brown spores. Sapkota et al. (2020) noted that 45% of their isolates pro-
duce yellow spores, however, there is no yellow spore formation was ob-
served from actinomycetes isolated in this study. It was observed that
actinomycetes isolated from the undisturbed forest and pineapple-planted
soil gave the highest reading of 37/51 (72.5%) and 16/19 (84.2%) respec-
tively for the grey spore formation (Table 1).

In this study, 65.7% and 28.6% of actinomycetes produce diftusible
yellow and brown pigmentation respectively (Table 1). This shows that
actinomycetes isolated from Sessang peat soil produce dominantly only
yellow and brown diftusible pigment. This is in agreement with Fer-
nandes et al. (2021), where the authors noted that the production of dif-
tusible pigments ia prevalent in soil actinomycetes. According to Gupta
et al. (2022), actinomycetes are potent producers of dark-brown coloured
melanin pigments however in this study it was observed yellow coloured
pigment was the dominant. Both actinomycetes isolated from the undis-
turbed forest and pineapple planted soil showed that brown pigment pro-
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Table 1. Spores colour formation and pigmentation produced by 70 isolates of actinomycetes isolated.

Actinomycetes isolates

Sampel Spore colour Pigmentation
Grey Brown Black | Yellow Brown No pigment produce

Actinomycetes isolat-
ed from undisturbed 37 11 3 30 18 3
forest (n=51)
Actinomycetes isolat-
ed from pineapple 16 3 _ 16 92 1
planted soil (n=19)
Total 53 14 3 46 20 %
(n=70) (75.7%)  (20.0%)  (4.8%) | (65.7%) (28.6%) (5.7%)

duction was low in comparison to yellow pigment (Table 1). This might
be due to the conditions of the environment these actinomycetes grow in
(Celedén & Dfaz 2021).

Screening of extra-cellular enzyme and anti-microbial activity
Approximately 80.0% of the actinomycetes isolated produce enzyme li-
pase and 51.4% produce enzyme protease. This is in accordance with the
results that were observed 10 years ago at MARDI Sessang. In the previ-
ous study, it was observed that lipase (82.5%) was also produced more by
actinomycetes compared to protease (12.5%) (Jeffrey et al. 2011). It also
observed that the affinity of actinomycetes producing cellulase is higher
than xylanase and mannanase (Table 2). This might be due to the reason
that peat soil contained generally lignin, cellulose, hemicellulose, and
protein thus higher cellulose present required more or better cellulose
producer microbes in the surroundings. This is supported by the obser-
vation of Veloo et al. (2014), where the authors observed that tropical
peat soil contains wood materials in the soil solum which explained why
the cellulase producing actinomycetes is more compared to xylanase and
mannase producers. It was also noted in this study that Streptomyces
griseus strain PS42 can be considered the most potent producer of en-
zymes screened (Table 38). This statement was supported by Talib Saleh
et al. (2023), where the researchers observed that S. griseus has the ability
to produce multiple enzymes such as celllulase, lipase and protease.

Antimicrobial test conducted showed that 27.1% and 21.4% of the
actinomycetes has the ability to inhibit the growth of Ralsonia solanacea-
rum and Colletotrichum gleosporioides respectively (Table 2). Streptomyces
sp. strain 33 showed good antagonistic activity towards both Ralsonia
solanacearum and Colletotrichum gleosporioides with the average zone size of
1.3 cm and 1.2 cm for both pathogens respectively (Table 3). This
showed that actinomycetes isolated from MARDI Sessang, is good at
producing antimicrobial activity against R. solanacearum because previous
study done by Jeffrey et. al. (2011) also indicated that actinomycetes iso-
lated from MARDI Sessang area showed the ability to produce antimi-
crobial activity against R. solanacearum with the average halo zone of 2
cm was produced by Streptomyces sp. strain TNO6. In a study done by
Zhao et al. (2019) Streptomyces sporangiiformans was observed to produce
antimicrobial activity towards R. solanacearum. In a recent study by Lisa
et al. (2022), the authors showed that actinomycetes were capable of in-
creasing the fruit yield and decreased R. solanacearum the causal agent for
bacterial wilt infection on tomato. Bhat et al. (2022) also indicated the
potential of actinomycetes as a potential biocontrol agent for Colleto-
trichum spp.
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Table 2. Bioactivity produced by actinomycetes isolated.

Enzyme activity Antimicrobila activity
Colleto-
Samples - ;
P Cellulase Mannanases Xylanase Lipase Prote Ralstonia trichum gleo-
ase solalacearum N
sporioides
Actinomycetes 18/770 9/70 17/770 46/70 26/70 16/70 10/70
1solated from
undisturbed
forest
Actinomycetes 6/70 0/70 9/70 10/70 10/70 3/70 4/70
1solated from
pineapple
planted soil
Total 24/70 9/70 26/70 56/70 36/70 19/70 14/70
(34.8%) (12.8%) (31.7%)  (80.0%)  (51.4%) (27.1%) (21.4%)

Table 3. Bioactivity of selected 4. actinomycetes isolates.

Enzyme screening (average + SD cm)

Antagonistic activity
(average + SD cm)

Isolate no.

Man Ralstonia Colleto-
Lipase Protease  Cellulase nanase Xylanase solanacea-  trichum gloe-
rum osporioides
PS1 1.4 0.100 1.9+ 0.153 1.7£0.153 1.7+ 0.231  4.9% 0.058 1.0+ 0.058 1.2+ 0.132
PS10 1.9 0.158 2.3+ 0.115 3.1£0.200 1.1£0.580 3.9% 0.321 1.2+ 0.058 1.0+ 0.208
PS42 2.2+ 0.200 2.4% 0.200 2.6%£0.153 1.7+ 0.200 3.9+ 0.173 (0] 0.5t 0.115
PS46 3.9% 0.300 0 3.0£ 0.208 2.3%0.173 2.8+ 0.058 1.0+ 0.161 (0]

It was also observed that actinomycetes collected from forested ar-
ea showed that undeveloped forest land has higher ability to produce ex-
tracellular enzymes and also antimicrobial activities (Table 2). It is be-
lieved that microbes in the soil were very sensitive to changes in the soil
land use (Romaniuk et al. 2017). Several studies suggested that the func-
tion of microbial communities in soil are strongly affected by types of
tress and the composition of the soil (Li et al. 2014). This supports well
the reason why actinomycetes isolated from forested soil have better bio-
activity compared to pineapple plantation soil.

Identification of actinomycetes

Streptomyces spp. had been well known as the dominant actinomycetes in
the soil. The morphology of the 4 strains was shown in Figure 4. Strepto-
myces griseus strain PS1 was observed to be having black spore colour
while Streptomyces hyproscopicus strain PS10 Streptomyces griseus strain
PS41 and Streptomyces olivaceus strain PS46 having grey spore colour. Re-
search done by Ann et al. (2020) indicated that out of 578 strain of acti-
nomycetes isolated from Sarawak wetland, 120 isolates belongs to the
Streptomyces genus (Ann et al. 2020) this showed that Streptomyces spp.
were prevalent in soil. In this study, it was obesrved that Streptomyces
griseus accounted for 2 strains of the potential actinomycetes, followed by
1 strain each for Streptomyces hyproscopicus and Streptomyces olivaceus. The
sequence and relatedness of each strain of Streptomyces are shown in Table
4 and Figure 5 respectively.
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Table 4: Sequence and identification of 4 selected Streptomyces strains.

Isolate
No. Sequence ID

E value

Percentage of
identity

PS1 gceeteecgeg acctgggett cgactegete accgecgteg Streptomyces griseus
acctccgtaa ccgectcaag gecgecaccg gggageggct
gteegegacce gtegtetteg accacccgac cceegecgag
ctggcecgcecce acctccacga cegttgette ccggacgecg
acggccggcec geageggteg gteceggecg tgacggetgt
cgeegegcte cacgacgage cggtegegat cgteggcatg
gectgecgge tgecgggege cgtcaccace ccggaggage
tgtggcagct cctececgggac ggeggagacg cgatcaccgg
cttceeggag aaccgeggcet gggacctgga cggtetetac
gaccccgatc ccgecaccee cggtaagace tatgeccgeg
acggcggatt cctccacgac geggeggagt tcgacgegge
gttcttegge atctcgecge gtgaggegct ggcgatggac
ccgceageage ggctgctget ggagacgtee tgggaagega
tcgagcacgce cggceatcgac cccacggtee tcaagggeac
ccgceaccggt accttcatcg gegecaacce gteggactac
cgggeggeca tgggacagge geeggtggge tacgagggee
acctegtcac cggaggccac aacagegtceg tctececggecg
gatcgcctac acctteggec tecgaaggece ggecgtcacc
gtcgacaccg cctgctecte
PS10 cctggtagtce cacgecgtaa acggtggoaa ctaggtgtty Streptomyces
gcgacattce acgtegtegg tgecgeaget aacgceattaa hygroscopicus
gtteeeegee tggggagtac ggecgecaagg ctaaaactca
aaggaattga cggogocccg cacaagcage ggageatgte
gcttaattcg acgcaacgcg aagaacctta ccaaggcettg
acatacaccg gaaaaccctg gagacagggt cccecttgte
gtcggtgtac aggtggteca tggctgtegt cagetegtgt
cgtgagatgt tggettaagt cccgeaacga gegeaaccct
tgtectgtgt tgecageatg cectteggge tgatggeoac

tcacaggaga ccgecggeot caactcggag gaaggtgoos
acgacgtcaa gtcatcatgc cccttatgtc ttggoctgea

cacgtgctac aatggcecggt acaaagagct gecgataccgt
gaggtegage gaatctcaaa aagecg

PS42 cttaacacat gcaagtcgaa cgatgaagcc tttecggeote Streptomyces griseus
gattagtggoc gaacgggotga gtaacacgte gocaatctge
ccttcactct gggacaagec ctggaaacgg ggotctaatac
cggataacac tctgteecge atgggacggg gttaaaagcet
ceggeggtga aggatgagec cgeggectat cagettgtte
gtggootoat ggcctaccaa ggegacgacg ggtagecggce
ctgagaggoc gaccggcecac actgggactg acacacggcec
cagactccta cgggaggcag cagtggogaa tattgcacaa
tgggcgaaag cctgatgeag cgacgecgeg tgagggatga
cggcecttegg gttgtaaacc tetttcagea gggaagaage
gaaagtgacg gtacctgcag aagaa
PS46 gagcatgtgg cttaattcga cgeaacgega agaaccttac Streptomyces
caaggcttga catacaccgg aaacggcecag agatggotcge olivaceus
ccecttgtegg teggtetaca ggtggotgcat ggctgtegte
agctcgtgte gtgagatgtt ggottaagtc ccgecaacgag
cgcaaccctt gtecegtgtt geccageaage tectteggge
gtottgoooa ctcacgggag accgecgggg tcaactcgga

ggaaggtogo gacgacgtca agtcatcatg ceecttatgt
cttgggctgc acacgtgceta caatggecgg tacaatgage

tgcgataccg caaggtgeag cgaatctcaa aaagecggte
tcagttcgga ttgggotctg caactcgacc ccatgaagtc
ggagtcgcta gtaatcgcag atcagceattg ctgegetgaa
tacgttcccg ggccttgtac acaccgececg tcacgtcacg
aaagtcggta acacccgaag ccggtggcce aaccecttgt

gggagggage tgtcgaaggt gggactggcg

0.0

0.0

0.0

0.0

100%

100%

100%

100%
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Figure 4: Morphology of 4 selected Streptomyces strain, (a) Streptomyces griseus strain PS1; (b) Streptomyces hyproscopi-
cus strain PS10; (c) Streptomyces griseus strain PS42 and (d) Streptomyces olivaceus strain PS46.

Ps10
|Streptomyces hygroscopicus
|PS4s
‘Streptomyces olivaceus
i Streptomyces coelicolor

“ Bacillus subtilis

Figure 5: Phylogenetic tree for 4 selected Streptomyces strain.
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CONCLUSION

Morphological diversity of the actinomycetes was observed from the
spore forming colour of grey, brown, and black. The characteristic of the
actinomycetes was observed when 84.3%, 12.8%, 31.7%, 80.0%, and
51.4% of the actinomycetes produced cellulase, mannanase, xylanase, li-
pase, and protease activity respectively. While 27.1% and 21.4% produced
antagonistic activity towards Ralstonia solanacearum and Colletotrichum
gleosporiordes respectively. All the eight potential actinomycetes isolated
were later identified to originate from the genus of Streptomyces sp. This
study showed the potential usage of peat soil actinomycetes as well as the
vast diversity of the actinomycetes in peat soil.
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