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The development and world-wide spread of multidrug-resistant (MDR) bacteria have a high concern in
the medicine, especially the extended-spectrum of beta-lactamase (ESBL) producing Escherichia coli
and methicillin-resistant Staphylococcus aureus (MRSA). There are currently very limited effective antibi-
otics to treat infections caused by MDR bacteria. Peat-soil is a unique environment in which bacteria have
to compete each other to survive, for instance, by producing antimicrobial substances. This study aimed
to isolate bacteria from peat soils from South Kalimantan Indonesia, which capable of inhibiting the
growth of Gram-positive and Gram-negative bacteria. Isolates from peat soil were grown and identified
phenotypically. The cell-free supernatant was obtained from broth culture by centrifugation and was
tested by agar well-diffusion technique against non ESBL-producing E. coli ATCC 25922, ESBL-
producing E. coli ATCC 35218, methicillin susceptible Staphylococcus aureus (MSSA) ATCC 29,213 and
MRSA ATCC 43300. Putative antimicrobial compounds were separated using SDS-PAGE electrophoresis
and purified using electroelution method. Antimicrobial properties of the purified compounds were con-
firmed by measuring the minimum inhibitory concentration (MIC) and minimum bactericidal concentra-
tion (MBC). In total 28 isolated colonies were recovered; three (25PS, 26PS, and 27PS) isolates produced
proteins with strong antimicrobial activities against both reference strains. The substance of proteins
from three isolates exerted strong antimicrobial activity against ESBL-producing E. coli ATCC 35,218
(MIC = 2,80 mg/mL (25PS), 3,76 mg/mL (26PS), and 2,41 mg/mL (27PS), and MRSA ATCC 43,300
(MIC = 4,20 mg/mL (25PS), 5,65 mg/mL (26PS), and 3,62 mg/mL (27PS), and also had the ability bactericidal
properties against the reference strains. There were isolates from Indonesian peat which were potentials
sources of new antimicrobials.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The widespread use of antibiotics to treat infectious diseases
causes a global increase in multidrug-resistant (MDR) bacterial
populations (Bogaard et al., 2000). MDR bacteria is a major medical
problem because directly related to increasing health care costs
and mortality rates (Oelschlaeger, 2010). The rapid emergence of
MDR bacteria is not followed by the discovery of new antimicro-
bials, therefore there is currently very limited effective antibiotics
available to treat MDR bacteria (Ammerlaan et al., 2013). New
research is urgently needed to discover and develop new antimi-
crobial substances which are active against MDR bacteria.
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The extended-spectrum beta-lactamase (ESBL)-producing E. coli
and methicillin-resistant Staphylococcus aureus are two of the most
common MDR bacteria. Their incidence were high particularly in
developing countries, reaching 6% in Japan (Luvsansharav et al.,
2011), 30% in China (Ni et al., 2016), 30% in Thailand
(Sawatwong et al., 2019), and 62.2%-85% in Indonesia (Anggraini
et al., 2018; Hayati, Rizal and Putri, 2019) for ESBL-producing
E. coli, and for MRSA reaching 16.5%–23.5% in India, 7.9% in Viet-
nam, 3.5%-3.8% in Taiwan (Wong et al., 2018), 8.1% in Indonesia
(Kuntaman et al., 2016), and greater than 70% in Korea (Chen
and Huang, 2014).

One strategy for discovering new antimicrobials is by bio
prospecting, which is an exploration of new compounds in unique
ecological niches. Peat soil is one of the unique and extreme envi-
ronments for the discovery of antimicrobial compounds from bac-
teria living in it (Ong, et al., 2015). Peat soil found in Kalimantan
Indonesia always in wet conditions in which the decomposed
organic matters has been formed and accumulated over thousands
of years with acidic pH conditions (pH 2.9–4.5), limited nutrient
conditions, low oxygen solubility, and temperatures around
230-32 �C, therefore the bacteria have to compete with other
bacteria to survive (Yule, 2010).

Bacterial growth under extreme and unique environmental con-
ditions is very likely to develop special adaptation mechanisms
and produce unique molecules, compounds or secondary metabo-
lites (Pettit, 2011). One example of successful bio prospection is
the discovery of abyssomicins, a new antibiotic produced by Verru-
cosispora sp. from the sediments of the South China Sea (Wang
et al., 2013). Another of bio prospection was the discovery of
new bacterial strain of MSt1T isolated from tropical peat soils in
Selangor Malaysia, which has antimicrobial activity against
Gram-negative and positive bacteria (Aw et al., 2016). Ong et al
reported about Burkholderia spp which is also isolated from peat
soils with antimicrobial activity against Gram-positive bacteria,
Gram-negative bacteria and yeast (Ong et al., 2016).

In addition to the discovery of bacteria as bioactive compounds
producer from peat soils, bio prospection can also increase the
diversity of bacteria in the databases. There are a huge diversity
of microbes in tropical peat swamp forests. Metagenomic research
in Thailand’s tropical peat-lands showed there were 80% of bacte-
rial communities have potency to become new species or strains
(Kanokratana, et al., 2011). Currently the main concern of WHO
is to find new antimicrobials, or antibiotic compounds to treat
infections caused by the MDR bacteria such as ESBL-producing
E. coli and MRSA infection (WHO, 2017; Pana and Zaoutis, 2018).
This study aimed to isolate and investigate the ability of bacteria
from peat soils from South Kalimantan Indonesia to inhibit the
growth of Gram-positive and Gram-negative bacteria reference
strains, either sensitive or resistant strains. In this study used
two study designs, first an exploratory study that is to prove
whether there are peat soil bacteria that produce antimicrobial
compounds against ESBL-producing E. coli and MRSA using the
well diffusion method. Second, an experimental/comparative study
design that tests the antimicrobial activity produced by pure com-
pounds from peat soil bacterial isolates against ESBL-producing
E. coli and MRSA by dilution methods MIC (minimum inhibitory
concentration) and MBC (minimum bactericidal concentration)
compared to antibiotics standard (Meropenem and vancomycin).
2. Materials and methods

2.1. Sample collection

Peat soil samples were collected from the peat soil area of Ban-
jarmasin district in South Kalimantan, Indonesia. Fifty grams of
peat soils obtained from 50 cm depth were taken using core borer
to increase the possibility of isolating various types of bacteria.
Peat soil samples of medium maturity level were placed in sterile
containers and transported at an environmental temperature
within 18 h for analysis in the laboratory (Ong, et al., 2015).

2.2. Isolation of bacteria from peat soil

One gram of peat soil was soaked in 0.85% (w/v) saline solution
and serially diluted from 10�1 to 10�6, then inoculated on trypti-
case soy agar (TSA) and Mac Conkey agar, and incubated at 30 �C
aerobically for 2 days. The growing colonies were purified by using
streak method on TSA and Mac Conkey agar, then incubated aero-
bically at 30 �C.

2.3. Maintenance of the isolate

A pure culture is routinely subculture and maintained on TSA
media at 30 �C, while for long-term storage was done by cryop-
reservation with glycerol 20% and skim 10% (v/v) at �80 �C.

2.4. Morphology identification of peat soil bacteria

The isolated colonies were identified based on colony morphol-
ogy, bacterial morphology on Gram staining, catalase test, and
motility test.

2.5. Screening of antimicrobial activity

Each pure colony was subculture in TSA broth at 37 �C for 48 h
and then centrifuged at 3500 rpm for 10 min. Cell-free supernatant
was expected to contain secondary metabolites including antibac-
terial compounds and used for inhibitory effect screening. A hun-
dred mL supernatant was filled into each of 6 mm well on a
Mueller Hinton agar (MHA) which had previously been inoculated
by surface spreading of non ESBL-producing E. coli ATCC 25922,
ESBL-producing E. coli ATCC 35218, methicillin-susceptible S. aur-
eus (MSSA) ATCC 29213, and MRSA ATCC 43,300 of 0.5 Mc Farland
standard culture in TSA broth, incubated aerobically for 24 h at
37 �C. The inhibition zone diameters around the wells were mea-
sured using a digital Caliper.

2.6. Purification of antimicrobial compounds and determination of
molecular weight

Peat soil isolates suspected of having antimicrobial activity
were grown on TSB media for two days at 30 �C, then centrifuged
at 3000 rpm for 20 min at 4 �C. The supernatant was separated
from the pellet, cold absolute acetone has been added of a 1: 1 ratio
and stored in the freezer for 24 h. The supernatant was centrifuged
again at 7000 rpm for 20 min at 4 �C. The dried pellet was added
with PBS 2 mL, mixed then stored at temperature �20 �C for run-
ning on SDS PAGE Electrophoresis as mentioned elshewere to sep-
arate the protein content of supernatant according to the
molecular weight. The resulted protein bands were extracted using
electroelution to obtain pure compounds.

2.7. MIC and MBC determination

Pure putative antimicrobial compounds were tested for MIC
and MBC towards ESBL-producing E. coli ATCC 35,218 and MRSA
ATCC 43,300 used the CLSI standards method in triplicates. Mero-
penem (1 mg/ml disc) and vancomycin (4 mg/ml) were used as
control.
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3. Results

3.1. Bacterial isolates from peat soil

The growth of peat soil bacteria on TSA and Mac Conkey can be
seen in Fig. 1. Lactose fermenter bacteria were detected on Mac
Conkey agar from their pink-red color colonies.

Characteristics of each colony varied with regards to shape,
color, elevation, diameter, and the edge of the colony. Some colo-
nies were white, yellowish or green on TSA agar. The elevation of
the colony was shaky, flat, jagged, or concave. The diameter of
the colonies ranged from 1.0 to 4.5 mm, and the edge was round
or irregular.

3.2. Morphology of peat soil bacteria

In total 28 different colonies were isolated on TSA and Mac Con-
key Agar media. The identification results of the colonies by using
Gram staining, colony morphology, and catalase tests were shown
in Table 1.

The diversity of recovered bacteria classified based on morphol-
ogy and catalase test are shown in Table 2. They were for catalase-
positive bacteria including Staphylococcaceae, Bacillaceae or
Enterobacteriaceae, and catalase-negative bacteria including
Streptococcaceae, Clostridiaceae, and Enterobacteriaceae. They
were consist of gram-negative bacteria e.g. Enterobacteriaceae
(46.4%) and Bacillaceae (28.6%), while gram-positive bacteria con-
sist of Streptococcaceae (10.7%), Staphylococcaceae (10.7%) and
Clostridiaceae (3.6%).

3.3. Screening of antimicrobial activity

The screening tests of antimicrobial activity of all supernatant
isolates showed some isolates had no inhibitory effect while others
had inhibitory effects against non ESBL-producing E. coli ATCC
25922, ESBL-producing E. coli ATCC 35218, MSSA ATCC 29213,
and MRSA ATCC 43300, as indicated by the presence of clear zones
around the wells. At this stage of the study, no further tests have
been done to confirm such antimicrobial inhibition.

Table 3 showed that there were some isolates have a clear zone
inhibition with a variable diameter zone size. Diameter of inhibi-
tion of more than 10 mmwas chosen to consider a potential isolate
with antimicrobial activities. Four isolates, 9PS, 25PS, 26PS and
27PS, were have wider inhibition zone, which may probably the
most potential have antimicrobial properties, and presented in
Figs. 2 and 3. Isolates number 9PS only active against gram-
negative bacteria e.g. non ESBL-producing E. coli ATCC 25,922
and ESBL-producing E. coli ATCC 35218, even though with smaller
inhibition zone. The isolate number 25PS, 26PS, and 27PS were
able to inhibit the growth of both gram-positive bacteria and
gram-negative bacteria, e.g. non ESBL-producing E. coli ATCC
25,922 and ESBL-producing E. coli ATCC 35218, and MSSA ATCC
29213, and MRSA ATCC 43300.

Fig. 2 showed the least diameter of inhibition was found on iso-
lates number 9PS against non ESBL-producing E. coli ATCC 25,922
Fig. 1. Bacterial colonies from peat soil us
(diameter of inhibition zone 12 mm) and against ESBL-producing
E coli ATCC 35,218 (inhibition zone diameter 10 mm). Cell-free
supernatant of isolate number 25PS, 26PS and 27PS showed inhibi-
tory effect against non ESBL-producing E. coli ATCC 25,922 (diam-
eter of inhibition zone 19.3 mm, 19.6 mm and 20 mm respectively)
and against ESBL-producing E. coli ATCC 35,218 (inhibition zone
diameter 19 mm, 19.3 mm and 16.7 mm respectively).

Fig. 3 revealed that the supernatant of 9PS showed weak inhibi-
tory effect against S. aureus ATCC 29,213 (diameter of inhibition
zone 7 mm) and no effects against MRSA ATCC 43,300 (no diameter
of inhibition zone). In contrast, cell-free supernatant of 25PS, 26PS
and 27PS isolates showed stronger probable inhibitory effect
against MSSA ATCC 29,213 (diameter of inhibition zone 11.5 mm,
16.4 mm and 14.5 mm respectively) and against MRSA ATCC
43,300 (diameter of inhibition zone 10.3 mm, 17.1 mm and
10.3 mm respectively).

A total of 28 bacteria isolates of peat soil has been isolated and
identified up to the family level. The most potential isolates to pro-
duce antimicrobial substances were 25PS (Enterobacteriaceae),
26PS (Enterobacteriaceae) and 27PS (Bacillaceae) against the four
reference strain (see Table 1), while 9PS only has potential antibac-
terial properties against non ESBL-producing E. coli ATCC 25,922
and ESBL-producing E. coli ATCC 35218. All of these isolates need
to be further identified and characterized by biochemical or phar-
maceutical technique, and molecular biology technique.

3.4. Purification of antimicrobial compounds and identification of
molecular weights with SDS PAGE electrophoresis

The antimicrobial compound isolate 25PS has a molecular
weight of 43 KDa the same as isolate 27PS (shown with arrow),
while the antimicrobial compound isolate 26PS has a molecular
weight of 45 KDa (shown with arrow). Comparative compounds
are from 10PS isolates that do not have the ability of antimicrobial
compounds (Fig. 4).

3.5. Minimum inhibition concentration and minimum bactericidal
concentration

MIC test of antimicrobial compound from peat soil bacterial iso-
lates against ESBL- producing E. coli ATCC 35,218 showed that the
minimum inhibitory concentration of the three compounds from
peat soil bacterial isolates obtained a concentration of 2.80 mg/ml
(25 PS), 3.76 mg/ml (26PS) and 2.41 lg/ml (27 PS). MBC test on
ESBL-producing E. coli ATCC 35,218 showed that the minimum kill
concentration was 4.20 lg/mL (25PS), 5.65 lg/mL (26PS), and
3.62 lg/mL (27PS). MIC and MBC obtained by the three compounds
of peat soil bacterial isolates were significantly different frommer-
openem (p = 0.012) and also proved in the Mann Whitney test the
difference occurred in each compound against meropenem
(p = 0.025) (Table 4).

MIC test of antimicrobial protein compound from peat soil
bacterial isolates against MRSA ATCC 43,300 bacteria showed that
the minimum inhibitory concentration was 4.20 mg/mL (25PS),
5.65 mg/mL (26PS), and 3.62 mg/mL (27PS)). The MBC against MRSA
ed media TSA and Mac Conkey Agar.



Table 1
Phenotypic characteristics of 28 bacterial isolates from peat soil.

Isolates number Gram staining Catalase test Colony color Family name

1PS Gram-negative rod Positive White Enterobacteriaceae
2PS Gram-negative rod Negative White Enterobacteriaceae
3PS Gram-positive rod, no spores Positive Milky white Bacillaceae
4PS Gram-positive cocci Negative Clear white Streptococcaceae
5PS Gram-negative rod Positive Yellowish Enterobacteriaceae
6PS Gram-negative rod Positive Creamy white Enterobacteriaceae
7PS Gram-positive cocci Positive Purple Staphylococcacea
8PS Gram-positive rod, no spores Positive Whitish purple Bacillaceae
9PS Gram-negative rod Positive Purple Enterobacteriaceae
10PS Gram-positive rod, no spores Positive Yellow Bacillaceae
11PS Gram-negative cocci Negative White Streptococcacea
12PS Gram-positive rod, no spores Negative Yellow Bacillaceae
13PS Gram-negative rod Positive Red Enterobacteriaceae
14PS Gram-negative rod Positive White Enterobacteriaceae
15PS Gram-positive cocci Positive Creamy white Staphylococcacea
16PS Gram-negative rod Positive Purple white Enterobacteriaceae
17PS Gram-negative rod Positive White Enterobacteriaceae
18PS Gram-negative rod Positive Yellowish white Enterobacteriaceae
19PS Gram-positive cocci Negative Yellow Streptococcaceae
20PS Gram-positive rod, no spores Negative White Clostridiaceae
21PS Gram-positive rod, no spores Positive White Bacillaceae
22PS Gram-negative rod Positive Purple Enterobacteriaceae
23PS Gram-positive rod, no spores Positive White Bacillaceae
24PS Gram-positive rod, no spores Positive Red Bacillaceae
25PS Gram-negative rod Positive White Enterobacteriaceae
26PS Gram-negative rod Positive Yellowish Enterobacteriaceae
27PS Gram-positive rod, no spores Positive Creamy Bacillaceae
28PS Gram-positive cocci Positive Creamy white Staphylococcaceae

Table 2
Diversity of 28 bacterial isolated from peat soil.

No Family Number %

1 Enterobacteriaceae 13 46.4
2 Bacillaceae 8 28.6
3 Streptococcaeae 3 10.7
4 Staphylococcaceae 3 10.7
5 Clostridiaceae 1 3.6

Total number 28 100
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ATCC 43,300 is 5.60 lg/mL (25PS), 7.53 lg/mL (26PS), and 4.83 lg/
mL (27PS). From the MBC to MIC ratio that is less than 3 times it
can be concluded that the antimicrobial compounds of the three
peat soil bacterial isolates are bactericidal. MIC and MBC values
of the three antimicrobial compounds of peat soil bacterial isolates
were significantly higher than vancomycin (p = 0.012), with the
difference occurring in each compound against vancomycin
(p = 0.025) (Table 5).
4. Discussion

ESBL-producing bacteria have become a worldwide problem
with serious consequences on limited treatment options of infec-
tious diseases and increases the cost of treatment due to the use
of more expensive treatment, longer hospitalization, increased
morbidity, and mortality (Ong, et al., 2015; WHO, 2017).
Twenty-eight colonies have been isolated from peat soil from
South Kalimantan, Indonesia consist of Enterobacteriaceae
(46.4%), Bacillaceae (28.6%), Streptococcaceae (10.7%), Staphylo-
coccaceae (10.7%) and Clostridiacecae (3.6%).

The screening test of inhibitory effects of all isolates against non
ESBL- producing E. coli ATCC 25922, ESBL-producing E. coli ATCC
35218, MSSA ATCC 29213, and MRSA ATCC 43,300 showed there
were no inhibitory effects by 14 isolates (50%); very small inhibi-
tory effects (diameter of inhibition of less than 10 mm) by 10 iso-
lates (36%) and inhibitory effects with diameter of inhibition zone
of �10 mm by 4 isolates, consist of 9PS (Enterobacteriaceae), 25PS
(Enterobacteriaceae), 26PS (Enterobacteriaceae) and 27PS (Bacil-
laceae). Isolate 9PS only active against Gram-negative bacteria,
while 25PS, 26PS, 27PS showed antimicrobial potency against both
Gram negative and Gram positive bacteria.

In this study, cell-free supernatant of 25PS (Enterobacteriaceae),
26PS (Enterobacteriaceae) and 27PS (Bacillaceae) isolates of peat
soil contained substances resulted from their metabolism that
had ability as an antimicrobials. The supernatant was not only able
to inhibit the growth of sensitive type bacteria such as non ESBL-
producing E. coli ATCC 25,922 and MSSA ATCC 29213, but also inhi-
bit multidrug-resistant bacteria such as ESBL-producing E. coli
ATCC 35,218 and MRSA ATCC 43300.

MIC and MBC test showed that antimicrobial protein com-
pounds from peat soil bacterial isolates showed bactericidal
against ESBL -producing E.coli and MRSA at concentrations of less
than 8 mg/ml. This means that antimicrobial compounds found in
the study have a broad spectrum (Gram negative and Gram posi-
tive) and potential for use in the treatment of infections by Gram
positive and Gram negative multiresistant bacteria, specifically
compounds produced by the isolate 27PS, which have MIC and
MIC MBC is smaller than the compound produced by the isolate
25PS and 26PS. The results of statistical analysis with the Kruskal
Wallis test showed that the MIC and MBC values of the three
antimicrobial compounds were significantly different from the
antibiotics meropenem and vancomycin with p = 0.012 and the dif-
ference occurred in each antimicrobial compound against the
antibiotics meropenem and vancomycin (p = 0.025) with the test
MannWhitney. This means that its effectiveness is still belowmer-
openem and vancomycin but it still has the potential to be used in
the treatment of infections by multiresistant Gram-positive and
Gram-negative germs.

This study found three potential isolates producing antimicro-
bial compounds, namely 25PS isolate, 26PS isolate, and 27PS iso-
late. Of the three isolates, there was one isolate that was the
most potential because it had MIC and MBC values less
than 4 mg/mL, namely 27PS isolate. Antimicrobial compounds pro-
duced respectively have sizes of 43 kDa, 45 kDa and 43 kDa.



Table 3
Mean of inhibition zone diameter (mm) of antimicrobial screening of peat soil isolates by well-diffusion method in triplicate.

No isolate non ESBL- producing E. coli ATCC 25,922 ESBL-producing E. coli ATCC 35,218 MSSA ATCC 29,213 MRSA ATCC 43,300

1PS – – – –
2PS 8,3 – – –
3PS – – – –
4PS – – – –
5PS 8,3 – – –
6PS – – 8,6 –
7PS 9,3 – – –
8PS – – 7 –
9PS 12 10 7 –
10PS – – – –
11PS – – – –
12PS – – – 7
13PS – – – –
14PS – – – –
15PS – – – –
16PS – – – –
17PS – – 10 9
18PS – – – –
19PS 11,3 – 7 –
20PS – – – –
21PS – – – –
22PS – – 7 –
23PS – – 8 7
24PS – – – –
25PS 19,3 19 11,5 10,3
26PS 19,6 19,3 16,4 17,1
27PS 20 16,7 14,5 12,1
28PS – – – –

– = no antimicrobial activity.

a                            b                          c                           d 

e                            f                           g                          h 

Fig. 2. Inhibition effects of cell-free supernatants against gram-negative bacteria. a: 9PS, b: 25PS, c: 26PS, and d: 27PS against non ESBL-producing E. coli ATCC 25922, while e:
9PS, f: 25PS, g: 26PS, and h: 27PS against ESBL-producing E. coli ATCC 35218.
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A study from peat soils in Malaysia isolated Bulkholderia paludis
which has antimicrobial activity against strains of S. aureus and
three strains of E. faecalis (MIC = 3.33 mg/mL and 6.29 mg/mL)
(Ong et al., 2016) and Paenibacillus tyrfis against E. coli (MIC = 1.5
mg / mL), MRSA (MIC = 25 mg/mL) and Candida albicans IMR
(MIC = 12.5 mg / mL) (Aw et al., 2016); however, the study did
not examine the antimicrobial effect of multiresistant strains such
as ESBL-producing which is far more common in Southeast Asia
than MRSA (Suwantarat and Carroll, 2016; Chen et al., 2019). Thus
the results of this study are more applicable in Indonesia and
Southeast Asia, where there are far more cases of infection by
ESBL-producing strains.
Bacteria could produce antimicrobials in the natural environ-
ment to compete with other bacterial competitors. Tropical peat
soil is a unique wetland ecosystem, formed by the accumulation
layers of decomposed organic matters. Therefore, it is worthwhile
to explore bacteria from tropical peat swamps for the discovery of
novel microorganisms that have antibacterial inhibitory effects
(Ong, et al., 2015).

Previous studies suggested that there is a huge diversity of
microbes in tropical peat swamp forests. However, most research
on tropical peat swamp forests mainly focuses on bacteria related
to nutrient recycling such as methanotrophic and acidophilic
bacteria, but no study focus and the antimicrobial producing
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e                       f                         g                       h 

Fig. 3. Inhibition effects of cell-free supernatants against gram-positive bacteria. a: 9PS, b: 25PS, c: 26PS, and d: 27PS against MSSA ATCC 29213, while e: 9PS, f: 25PS, g: 26PS,
and h: 27PS against MRSA ATCC 43300.

Fig. 4. Molecular weight of compounds from peat soil bacterial isolates that
produce antimicrobial proteins.
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bacteria (Voglmayr and Yule, 2006; Jauhiainen et al., 2008; Yule,
2010). A study regarding with peat soil bacteria in Malaysia
detected some bacterial species which were able to produce
antimicrobials against Gram-negative and Gram-positive bacteria,
as well as yeasts with various diameter zones ranging from 1.7 mm
to 13.3 mm (Ong, et al., 2015).

Bacteria live in various unique environmental conditions, such
as pH, temperature, and several source of nutrition’s in which
bacteria therefore could produce bioactive compounds as products
Table 4
Results of MIC (Minimum Inhibitor Concentration) and MBC (Minimum Bactreicidal Conc
E. coli ATCC 35,218 compared with meropenem antibiotics.

Compounds MIC concentration (mg/mL) P**

purity

26PS (45 kDa) 3,76 0,0
25PS (43 kDa) 2,8 0,0
27PS (43 kDa) 2,41 0,0
Meropenem 1
P* 0,012

* Kruskal Wallis Tests.
** Mann Whitney Tests.
of their metabolism or as secondary metabolites, one of which has
antibiotic properties to maintain bacterial populations and protect
themselves from competing microorganisms (Martin, Casqueiro
and Liras, 2005).

Secondary metabolites are compounds that are not essential for
microbial growth or reproduction but provide survival functions in
a variety of natural conditions (Martin, Casqueiro and Liras, 2005).
These environmental conditions such as acidity, salinity, oxygen
availability, nutrients source and environmental temperature
needed to carry out metabolism. Many of the secondary metabo-
lites are regulated by complex synthesis mechanisms within the
bacteria itself which include polyketide synthase (PKS) and non-
ribosomal polyketide synthase (NRPS) (Donadio, Monciardini and
Sosio, 2007).

Other sources for producing antibiotics from secondary
metabolites were Streptomyces (Bérdy, 2005). The use of bacteria
as sources of antimicrobial, instead of a fungus such as Strepto-
myces, may offer more benefits as the incubation time for bacteria
is much shorter, therefore, the antimicrobial compounds may be
harvested much earlier. A research reported that bacteria associ-
ated with sponges Pseudomonas fluorescens H40 and H41 and Pseu-
domonas aeruginosa H51 showed antimicrobial activity against
Gram-negative and Gram-positive bacteria, including vancomycin
resistant Enterococcus faecium (VRE) and multidrug resistant bacte-
ria such as Klebsiella pneumonia (Santos et al., 2010).

In Southeast Asia, there is rising of bacterial infections due MDR
bacteria and become a huge problem to manage such infections,
mostly due to ESBL-producing E. coli and methicillin-resistant
Staphylococcus aureus (Kuntaman et al., 2016; Suwantarat and
Carroll, 2016; Chen et al., 2019).
entration) antimicrobial compounds from peat soil bacteria against ESBL-producing

Concentration of MBC (mg/mL) P**

purity

25 5,65 0,025
25 4,20 0,025
25 3,62 0,025

1
0,012



Table 5
Results of MIC (Minimum Inhibitor Concentration) and MBC (Minimum Bactericidal Concentration) antimicrobial compounds from peat soil bacteria against MRSA ATCC 43,300
compared with vancomycin antibiotics.

Compounds MIC concentrations (mg/mL) P** Senyawa Concentration of MBC (mg/mL) P**

purity purity

26PS (45 kDa) 5,65 0,025 26PS (45 kDa) 7,53 0,025
25PS (43 kDa) 4,20 0,025 25PS (43 kDa) 5,60 0,025
27PS (43 kDa) 3,62 0,025 27PS (43 kDa) 4,83 0,025
Vancomycin 4 Vancomycin 4
P* 0,012 P* 0,012

* Kruskal Wallis tests.
** Mann Whitney tests.
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From peat soil in South Kalimantan, we were able to isolate 28
aerobic bacteria which 3 of them have an inhibitory effect against
both sensitive and resistant gram-negative and gram-positive
bacteria. The strength of this research is that the production of
antimicrobials has extensive antimicrobial activity against
Gram-negative and Gram-positive bacteria, so that it is expected
to be applied on an industrial scale, in the pharmaceutical and
medical fields. Limitations in this study have not been identified
the types of antimicrobial compounds produced from peat soil bac-
teria, and identification of the mechanism of action of antimicro-
bial compounds has not been done. Proteomics study would
reveal the weight molecule of the antimicrobial compounds, while
molecular biology analysis to identify the gene responsible for the
production of the antimicrobials.

In this study also reported that the active compound responsi-
ble is the protein group. So far, the secondary metabolites
responsible for antibiotics have not been many primary metabo-
lites/ proteins have antimicrobial activity. However, it still needs
to be examined again whether the proteins that have been success-
fully purified so that they do not contain other compounds are
necessary to identify and ensure the structure of the resulting
protein. In this research, the certainty of the compounds produced
is protein based on the method used.

The results of this study are expected to be an alternative in the
discovery of antimicrobial protein compounds from bacteria in the
era of the increasing number of resistant pathogenic bacteria.

5. Conclusion

This research shows that there are at least three species or
strains of bacteria potentially as produce antimicrobial protein
compounds that have bactericidal ability on a broad range of sus-
ceptible and MDR bacteria. 27PS isolates have the most potential to
be developed into new antimicrobials because they have the low-
est MIC and MBC.
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