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INTRODUCTION

Common carp (Cyprinus carpio L.) is 
one of the cultured freshwater fish species 
that popular in Indonesia, especially in West 
Java. The common carp farming activities are 
carried out very intensively to meet high con-
sumer demand, and therefore, increase the po-
tential or risk of spreading fish diseases. The 
spread of fish diseases has been anticipated 

using biosecurity practice, probiotics, vacci-
nation, and administration of drugs containing 
chemicals. The presence of antibiotics as one 
of the efforts to overcome diseases has many 
negative impacts, such as causing micro-
bial resistance and producing residues that are 
harmful to humans who consume them (Bal-
cazar et al., 2006). The use of probiotics is an 
alternative to overcome this problem. Bacte-
ria is well known used as biological control 
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Abstract. The use of bacteria as a biological control agent in aqua-
culture is such new hope overcoming the negative impacts of the im-
propriate use of antibiotics. Bacillus is widely known as a potential 
probiotic for aquaculture, especially which are derived from aquatic 
biota. Due to a concern that the role of Bacillus as a probiotic agent 
will be disrupted by residues of antibiotics in the water, this research 
aimed to identify Bacillus species from common carp intestine based 
on the molecular method and investigate their resistance to some com-
mercial antibiotics that widely used in aquaculture. Chloramphenicol, 
ampicillin, and metronidazole were used to determine the Bacillus 
resistance to antibiotics using the Kirby Bauer method. The resistance 
assay was carried out with a bacterial density of 108 CFU/mL. The 
results showed that Bacillus isolates derived from common carp
intestine were closely related and resistant to antibiotics. Isolates 
that resistant to the three types of antibiotics were Cc.1.9 (CgN9) and 
Cc.2.18 (CgM18).
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agents in many fields, including aquaculture 
(Verschuere, 2002). 

The use of probiotics as an immuno-
stimulant for fish against diseases is an
effective effort as well as safe for humans and 
the environment (Sukenda, 2008). Immuno-
stimulant agents derived from fish are more 
beneficial because these bacterial groups have 
been proven to colonize and adapt to their 
host environment. These include a member 
of the genus Bacillus. Murilio & Villamil 
(2011) noted that Bacillus species is suitable 
as a probiotic for aquaculture because they are 
commonly found as microbiota in the aquatic 
environment and the animal digestive tract. 
Bacillus species are also widely applied to 
produce compound used in bacterial patho-
genic control (Sorokulova et al., 2007). 

However, there is concern that the ef-
fectiveness of Bacillus as a probiotic agent 
in the aquaculture could be impaired by the 
presence of antibiotics exposure to the aquatic 
environment due to improper use by farmers. 
Our previous study has successfully isolated 
some Bacillus derived from the common carp 
intestinal (Mulyani, 2018) and this present 
study aimed to investigate their resistance due 
to some commercial antibiotics that widely 
used in aquaculture.

MATERIALS AND METHODS

According to our previous study, sam-
pling of fish was carried out using the purpo-
sive sampling method. Three adult sizes of 
common carps were collected from the float-
ing net cage at  the Cirata reservoir, West Java, 
Indonesia. The intestinal bacteria were isolat-
ed on Nutrient Agar (NA) and MRS Agar me-
dium at 37°C incubation. The isolates purifi-
cation was carried out using the streak plate 
method. The pure isolates of intestinal bacte-
ria obtained then be characterized using mo-

lecular approach. The bacterial genome was 
extracted using the Boiling method. The 16S 
rRNA encoding gene then amplified through 
Polymerase Chain Reaction (PCR) method 
using 9F (5’-AGA GTT TGA TCM TGG 
CTG AG-3) and 1492R (5’-GGT TAC CTT 
GTT ACG ACT T-3') universal primer pair. 
All PCR cocktails contained 10 ng DNA tem-
plate and 7.5 pmol of each primer using 2G 
Robust Ready Mix (KAPA). Amplification 
was performed using Eppendorf Mastercycler 
DNA Engine Thermal Cycler and under the 
following temperature profile: five minutes in 
95 °C for one cycle and then 45 seconds in 
95°C, one min in 55°C, one min in 72°C for 
30 cycles, and a final extension, five minutes 
in 72°C was carried out for one cycle. The 
PCR products were visualized by electropho-
resis in 1 % agarose gel (80 V, 45 min). Aga-
rose gel was stained by GelRed (Biotium) and 
observed under UV transilluminator (Fisher 
Scientific®). The 16S rRNA gene product was 
purified, and proceed to the sequencing stage 
(Macrogen, Korea). Sequencing results were 
edited using Bioedit software, compared and 
matched with databases using BLAST on Ez-
Taxon (www.EzBioCloud.net) to determine 
the type of isolate from the existing database. 
Phylogenetic analysis was conducted using 
MEGA7 software. Trees were constructed us-
ing Neighbor-Joining (NJ) methods. NJ tree 
were assessed with 1000 bootstrap replicates 
(Mulyani, 2018). 

The Bacillus isolates resistance was 
tested by the Kirby Bauer Method (Reynolds, 
2011) against ampicillin, metronidazole, and 
chloramphenicol. These antibiotics have used 
a concentration of 50 ppm (w/v) and 100 ppm 
(w/v). The resistance test was carried out 
aseptically by inserting one loop of the bacte-
rial colony into physiological NaCl (0,85%). 
Then the 100 µL bacterial suspension was 
added to the NA Medium in a petri dish and 
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flattened using L-glass. Then antibiotic disc 
paper was placed on the medium, then incu-
bated at 30°C for 24 hours. The inhibitory 
zone was measured using a caliper with re-
peated measurements three times, which then 
the results were compared with the standard 
antibiotic sensitivity, according to CLSI 
(Clinical and Laboratory Standards Institute).

RESULTS AND DISCUSSION

A total of eight single isolates of 
Bacillus were successfully obtained from the 
common carp intestines (Mulyani, 2018), as 
presented in Table 1.

Table 1. Isolates Identification based on EzTaxon (EzBioCloud)
No. Isolat Top-hit taxon Top-hit strain Similarity (%)
1 Cc.1.2 (CgN2) Bacillus flexus NBRC 15715(T) 95.8
2 Cc.1.3 (CgN3) Bacillus flexus NBRC 15715(T) 95.5
3 Cc.1.4 (CgN4) Bacillus cereus ATCC 14579(T) 95.59
4 Cc.1.9 (CgN9) Bacillus carboniphilus JCM 9731(T) 68.48
5 Cc.2.8 (CgM8) CP013984_s Bacillus sp. DE111 99.54
6 Cc.2.18 (CgM18) Bacillus zhangzhouensis DW5-4(T) 100
7 Cc.2.22 (CgM22) CP013984_s Bacillus sp. DE111 98.57
8 Cc.2.38 (CgM38) CP013984_s Bacillus sp. DE111 99.56

Figure 1. Relationship between Bacillus bacterial isolates from Common carp intestines based on 16 rRNA gene 
sequences with MEGA 7

According to the phylogenetic tree, 
showed that all genus are closely related to 
each other, and Nostocales cyanobacterium 
was chosen as an outgroup (Figure 1). 
Cyanobacterium clearly has a kinship far 
from Bacillus.

Phylogenetics is one of the most fre-
quently used methods in systematics to under-
stand the diversity of living things through the 
reconstruction of phylogenetic relationships. 

The phylogenetic tree construction consisted 
of Nostocales cyanobacterium species and 
Bacillus bacteria. According to Saitou & Nei 
(1987), the neighbor-joining method in the 
construction of phylogenetic trees is consider-
ed to be an efficient method for obtaining the 
right tree topology. Phylogenetic analysis was 
performed using a 1000x bootstrap to test 
the validity of the arrangement of branches 
in the phylogenetic tree. The bootstrap value 
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is shown in figures located on the branches 
of phylogenetic trees (Dharmayanti, 2011).  
The value of 73 in the branching built in the 
Cc.2.8 (CgM8) and Cc.2.22 (CgM22) isolates 
showed that the validity of the branching con-
struction was 73%. This means that after repe-
tition (bootstrapping) as much as 1000x, 730x 
same branching obtained. While the validity 
of branching construction between samples 
Cc.1.2 (CgN2) and Cc.1.3 (CgN3) was 99%.

Phylogenetic analysis (Figure 1), shows 
the kinship between Bacillus bacteria isolated 
from the fish intestine which consists of one 
cluster and three subclusters. Clustering is a 
method that divides a set of data into a simi-
lar set of subclasses and has meaning in a 
phylogenetic tree construction (Mahaputro 
et al., 2012, Adolfsson et al., 2018). Through 
the help of clustering analysis, genetic rela-
tionships between samples can be more easi-
ly understood. The results of the phenogram 

analysis of eight Bacillus bacterial genomic 
DNA isolates showed that the bacteria were 
divided into one main cluster separating from 
Nostocales sp. as the group. The cluster was 
divided into three subclusters, where Cc.2.8 
(CgM8), Cc.2.22 (CgM22), and Cc.2.38  
(CgM38) were joined in subcluster I. Cc.1.9 
(CgN9) and Cc.2.18 (CgM18) in subcluster 
II. Cc.1.2 (CgN2) and Cc.1.3 (CgN3) in the 
same subcluster, the subcluster III. Whereas 
Cc.1.4 (CgN4) which not included in the three 
subcluster showed that Cc.1.4 (CgN4) genetic 
kinship with the other seven test samples 
quite far.

According to our previous study, most 
of Bacillus isolates being used in this research 
are categorized as non-pathogenic. The per-
formance of fishes survival rate after adminis-
trated with Bacillus around 80-100% (Figure 
2) (Mulyani, 2018).

Figure 2. The Survival Rate of Common carp after infected with Bacillus isolates (Mulyani 2018)
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The resistance testing of Bacillus bac-
teria used three types of antibiotics, namely 
Chloramphenicol, Ampicillin and Metroni-
dazole. Each type of antibiotic has a different 
working spectrum. Broadly, the antimicrobial 
is divided into two types that kill microbes 
(bactericidal) and that only inhibits micro-
bial growth (bacteriostatic). The benefits of 
this division are useful in the selection of 
antibiotics. Based on selective toxicity, chlo-
ramphenicol belongs to bacteria that only in-
hibit the growth of microorganisms (bacterio-
static) and belong to broad-spectrum anti-
biotics. Meanwhile, ampicillin works by pre-
venting cross-bonding of peptidoglycan at the 
final stage of the synthesis of cell walls, by 
inhibiting penicillin-binding protein (Pratiwi, 
2008). The spectrum of metronidazole is con-
fined to the obliviate anaerobic bacteria and 
some microaerophilic bacteria and is most ef-
fective against Gram-negative anaerobic bac-
teria responsible for the inflammation of acute 
orofacial (Hauser, 2008).  Antibiotics are anti-
microbial chemical substances produced by 
various types of microorganisms, especially 
fungi that have the ability to inhibit growth or 
kill other microorganisms, wherein this case 

the intended microorganisms are bacteria. The 
term antibiotic has also been used extensive-
ly in types of synthetic antimicrobials, which 
are not derived from microorganism products, 
such as sulfonamides and quinolones. 

Observation of clear zones was carried 
out after incubation for 24 hours. The clear 
zone around the paper disc shows the sensi-
tivity of bacterial isolates to certain antibio-
tics. After incubation for 24 hours, the dia-
meter of the inhibitory zone formed from each 
antibiotic disk was measured using calipers 
which were then compared to the interpreta-
tion standard determined by the Clinical and 
Laboratory Standard Institute (CLSI 2015).

In general, the mechanism of bacterial 
resistance to antibiotics includes the mecha-
nism of microorganisms producing enzymes 
and damaging active drugs, microorganisms 
changing their permeability to drugs, micro-
organisms changing the target structure for 
drugs, microorganisms developing new meta-
bolic pathways avoiding the usual pathways 
inhibited by drugs, and microorganisms de-
veloping enzymes new ones that can still carry 
out their metabolic functions but are slightly 
influenced by drugs (Jawetz et al., 2005).

Isolates
Chloramphenicol

Concentration 
50 ppm (mm) Interpretation Concentration 

100 ppm (mm) Interpretation

Cc.1.2 (CgN2) 23.20 S 28.82 S
Cc.1.3 (CgN3) 21.40 S 29.21 S
Cc.1.4 (CgN4) 10.09 R 13.74 I
Cc.1.9 (CgN9) 0 R 0 R
Cc.2.8 (CgM8) 14.97 I 24.25 S
Cc.2.18 (CgM18) 4.58 R 5.49 R
Cc.2.22 (CgM22) 14.96 I 21.33 S
Cc.2.38 (CgM38) 22.76 S 28.16 S

Table 2. Resistance Test Results for Bacillus Bacteria Isolates against Chloramphenicol

Description: I = Intermediate; R = Resistant; S = Sensitive
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Based on Lewaru et al. (2012), the selec-
tion of 50 ppm and 100 ppm chloramphenicol 
antibiotic concentrations can show the ability 
of bacterial resistance. In medicine, chloram-
phenicol is given to patients once a day with 
different doses (Rismarini et al., 2001), or in 
other words antibiotics can inhibit bacterial
growth for 24 hours depends on the concen-
tration and type of bacteria. The result of 
the Bacillus bacterial resistance of Chloram-
phenicol (Table 2) showed that the isolates 
of Bacillus Cc.2.18 (CgM18), Cc.1.4 (CgN4) 
and Cc.1.9 (CgN9) in the concentration of 50 
ppm were resistant to cholamphenicol, except 
Cc.2.8 (CgM8), Cc.2.38 (CgM28), Cc.1.2 
(CgN2) and Cc.1.3 (CgN3) which included 
in the Sensitive (S) category, and Bacillus 
Cc.2.8 (CgM8) and Cc.2.22 (CgM22) isolates 
belong to intermediate (I) category. While
Bacillus Cc.1.9 (CgN9) and Cc.2.18 (CgM18) 
were still resistant to the concentration of 100 
ppm. The result showed that the change anti-
biotic concentration of 100 ppm also causes a 
change in the clear zone form in all isolates, 
marked with the increase of the diameter of 
the clear zone. Proving that bacteria are more 
difficult to grow on agar media that close to 
paper discs containing antibiotics.

Based on selective toxicity, chloram-
phenicol belongs to a bacterium that only in-
hibits the growth of microorganisms (bacte-
riostatic) and is classified as broad-spectrum 
antibiotics. This was evidenced by the large 
inhibition zone formed in most of the tested 
Bacillus bacterial isolates. The biggest inhi-
bition zone was formed on Cc.1.3 (CgN3) 
isolates at a concentration of 100 ppm with 
29.21 mm. According to Pratiwi (2008), 
broad-spectrum antibiotics can inhibit or kill 

bacteria from Gram-positive or Gram-nega-
tive groups.

The test results showed that Bacillus 
bacteria were mostly sensitive to chloram-
phenicol. This antibiotic works by inhibiting 
protein synthesis that takes place in the ribo-
some for approximately 24 hours of observa-
tion. The peptidyl transferase enzyme will be 
inhibited by antibiotics. Then the function of 
the 50S ribosome subunit will be disrupted, 
which reversibly inhibits protein synthesis by 
inhibiting the translocation of the tRNA-pep-
tide complex from the location of the amino 
acid to the peptide location. As a result, 
the polypeptide chain cannot be extended. 
Andrews & Wise (2002) also stated in their 
study that Bacillus cereus is susceptible to 
clindamycin, erythromycin, chloramphenicol, 
vancomycin, aminoglycosides, and tetra-
cycline. The isolates showed a resistance pro-
cess including isolates of Bacillus Cc.2.18 
(CgM18) and Cc.1.4 (CgN4) and concentra-
tions of 50 ppm in the Cc.1.9 (CgN9) isolate 
(Figure 3). Chloramphenicol resistance is a 
result of drug destruction by an enzyme con-
trolled by plasmids (Jawetz et al., 2005).

In contrast to the results of the Bacil-
lus bacterial resistance test on ampicillin 
which showed that all isolates were resistant 
to Ampicillin at concentrations of 50 ppm 
and 100 ppm (Table 3). Ampicillin is a peni-
cillin-class antibiotic used to treat gram-
positive and gram-negative bacterial infec-
tions. Penicillin works by influencing the final 
step of bacterial cell wall synthesis (transpep-
tidase or crosslinking), so that the membrane is 
less osmotically stable resulting in Cell lysis.
Thus penicillin is called bactericidal (Mycek 
et al., 2001).
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Ampicillin works by inhibiting the syn-
thesis of microbial cell walls and inhibiting 
the transpeptidase enzyme causing failure in 
cell biosynthesis. A further mechanism is to 
prevent the crosslinking of peptidoglycan in 
the final stage of cell wall synthesis, which 
by inhibiting penicillin-binding protein. This 
protein is an enzyme in the plasma membrane 
of bacterial cells that normally involved in the 
addition of amino acids that cross-linked with 
bacterial cell wall peptidoglycan, and blocks 
the activity of the transpeptidase enzyme so 
that the bacterial cell wall becomes fragile 
and easily lysed (Pratiwi, 2008).

However, the results of tests carried out 
on Bacillus bacteria obtained from the gut of 
common carp showed that ampicillin did not 
work properly. All isolates were declared re-
sistant to this antibiotic. So it can be stated
that Bacillus bacteria have a high level of 
resistance to this type of antibiotic. This can 
occur because ampicillin is a prototype of 
the broad spectrum aminopenicillin group, 
but its activity against Gram-positive is less 
than penicillin G. All of these group penicil-
lins are damaged by ß-lactamase produced by 
gram-positive bacteria like Bacillus.

Figure 3. Resistance Test Results of Bacillus Cc.2.18, Cc.1.4 and Cc.1.9 Bacteria. Each sample was 
tested with three types of antibiotics (Ampicillin, metronidazole and chloramphenicol) on Petri 
dish, and each antibiotic was given two different treatments (100ppm and 50ppm).

Isolates
Ampicillin

Concentration 50 ppm (mm) Interpretation Concentration 100 ppm 
(mm) Interpretation

Cc.1.2 (CgN2) 0 R 0 R
Cc.1.3 (CgN3) 0 R 0 R
Cc.1.4 (CgN4) 0 R 0 R
Cc.1.9 (CgN9) 0 R 0 R
Cc.2.8 (CgM8) 0 R 11.96 R
Cc.2.18 (CgM18) 0 R 0 R
Cc.2.22 (CgM22) 0 R 11.835 R
Cc.2.38 (CgM38) 11.72 R 0 R

Table 3. Results of the Resilience Test of Bacillus Bacteria Isolates to Ampicillin

Description: I = Intermediate; R = Resistant; S = Sensitive
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Whereas the results of the resistance test 
of Bacillus bacteria to Metrodinazole showed 
that all isolates at the Metronidazole concen-
tration of 50 ppm and 100 ppm were resistant 
except the Cc.2.8 isolates that belong to the 
intermediate category (Table 4). Metronida-
zole is known as an antibacterial, antiproto-
zoal and radiation-sensitizer. The mechanism 
of action is to inhibit nucleic acid synthesis 
by damaging DNA. As an antiprotozoal, met-
ronidazole works by destroying the protozoa. 
As for radiation-sensitizers, metronidazole is 
effective in damaging unwanted cells. This 
medicine is also effective against anaerobic 
bacteria that work by disrupting bacterial 
DNA so that it inhibits nucleic acid synthe-
sis. The metronidazole spectrum is limited to 
obligate anaerobic bacteria and some micro-
aerophilic bacteria and is most effective 
against gram-negative anaerobic bacteria 
which are responsible for acute orofacial in-
flammation and chronic periodontitis. Bacillus
itself is known to be a gram-positive aerobic 
bacterium. This is thought to be the cause of 
the resistance of Bacillus bacteria to the anti-
biotic metronidazole.

As a resume, it was found in this study 
that Bacillus isolates derived from common 

carp intestine were resistantto antibiotics. This 
can indicate that Bacillus may still be able to 
survive to carry out its duties as a biological 
control agent (probiotic) in aquatic environ-
ments contaminated with antibiotic residues. 
Isolates that are resistant to the three types of 
antibiotics were Cc.1.9 (CgN9) and Cc.2.18 
(CgM18).
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