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ABSTRACT
The induction of bacteria Bacillus subtilis into carp feed to improve the immune system has been
widely carried out, but no one has discussed the blood picture and the resulting gene expression. This
study aims to determine the effect of the induction of bacteria Bacillus subtilis on carp feed to improve
the immune system. The method used is the exploration method with 3 treatments, namely Treatment
A (addition of bacteria Bacillus subtilis 10 ml/kg feed with a density of 108 CFU/mL), Treatment B
(addition of Bacillus subtilis bacteria 20 ml/kg feed with a density of 108 CFU/mL), and Treatment C
(Control). After rearing fish for 14 days, gene expression analysis was performed. RNA taken from the
kidneys and liver of carp was extracted using the phenol-chloroform method. RNA isolates were
amplified using the semi-quantitative RT-PCR method. Observation parameters in the form of fish
hematology consisting of total white blood cells and total red blood cells, as well as water quality. The
results showed that the highest increase in gene expression was in treatment A, namely, liver samples
(AH) of 19.76% and kidney samples (AG) of 16.04% which was in line with an increase in white blood
cells by 29% and an increase in red blood cells by 21%.
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1. INTRODUCTION
Freshwater fish has a high economic value because it is favored by the community. One
of them is carp (Cyprinus carpio L.) which has a fairly high protein content and a high selling
price compared to other freshwater fish such as catfish and Bonylip barb. Therefore, carp have
great prospects for cultivation. However, the problem that is often faced by farmers is that fish
are attacked by diseases that can reduce fish quality, decrease total production, and even mass
death.
Countermeasures can be done by giving probiotics. Probiotics can increase the host
response to disease and can be used as biocontrol agents to reduce disease attacks. One of the
probiotics that can be used is Bacillus subtilis. B. subtilis is a gram-positive bacterium that can
control and inhibit the growth of pathogens, produce toxic antibiotics, and enhance the nonspecific immune system which is characterized by an increase in total leukocytes. The addition
of Bacillus subtilis to feed as a probiotic can increase the body's resistance to bacterial attack
that is expressed in the TLR 2 gene. TLR (toll-like receptors) 2 are membrane proteins that are
expressed on the surface of certain cells and recognize foreign substances and transmit signals
to cells. Immune system cells, so TLR 2 can activate white blood cells against pathogens.
Several studies have shown that bacteria are B. subtilis able to increase the immune
system of carp and become a biological control agent for carp to protect carp from Aeromonas
and Vibrio bacterial infections. However, the effect of bacterial induction of B. subtilis on feed
which is reflected in the blood picture and gene expression has not been widely studied, so
research has been carried out on the effect of bacterial induction of Bacillus subtilis in feed on
the immune system of carp.

2. METHODS
The research was conducted from September 2019 to July 2021 at the Biotechnology
Laboratory Building 3, Faculty of Fisheries and Marine Sciences, Aquaculture Laboratory,
Building 4, Faculty of Fisheries and Marine Sciences, and the Central Laboratory of the
University of Padjadjaran.
2. 1. Methods
This study used carp seeds measuring 8-10 cm which were placed in an aquarium
measuring 40×25×25 cm3. Carp were reared for 14 days with commercial feed added with
bacteria B. subtilis 10 ml/kg feed (Treatment A) and 20 ml/kg feed (Treatment B), as well as
controls (Treatment C). Feeding was carried out 2 times a day using the method ad satiation.
Bacterial culture of B. subtilis was carried out on NA using the scratch method and NB. The
results of bacterial culture were calculated using a spectrophotometer with a standard Mc
Farland turbidity 0.5 wavelengths 600nm.
After 14 days of rearing, RNA was isolated from the kidneys and liver of carp using the
Phenol-Chloroform method. The concentration of the isolated RNA was calculated using a
microplate reader. The results of the isolation of RNA whose purity <1.8 were purified.
Purification was carried out by adding 202 L of CH3COONa to the RNA isolate, vortexing,
and then adding 660 L of 100% ice-cold ethanol. The RNA pellets were centrifuged at a speed
of 13,000 rpm for 30 minutes and a temperature of 4 °C. The RNA pellets were washed twice
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with 500 L ice-cold ethanol 75% and centrifuged for 10 minutes at a speed of 13,000 rpm and
a temperature of 4 °C.
The RNA isolates were amplified using the Sensoquest Thermal Cycler with the RT-PCR
method. The primers used for gene expression were -actin as an internal control and TLR 2
primer for gene expression. The PCR program is shown in Table 2.
Table 1. Primers.
Sequence (5’-3’)

Primer

F: CCCTGGCCCCCAGCACAATG

β-actin

R: TCTGCGCAGTTGAGTCGGCG
TLR 2

F: TCAACACTCTTAATGTGAGCCA
R: TGTGCTGGAAAGGTTCAGAAA

Table 2. Program settings PCR.
Cycles

Temperature (°C)

Time

Number of Cycles

Reverse transcription

45

20 minutes

1

Inisialisasi Denaturation

95

1 minutes

1

Denaturation

95

10 seconds

37

Anneling

50 (β-actin)
55 (TLR 2)

40 seconds

37

Extension

72

30 seconds

37

Final extension

72

5 minutes

1

After amplification, then electrophoresis was carried out with a ladder of 100 bp for 30
minutes and a voltage of 100.
2. 2. Data Analysis
The results of electrophoresis from TLR 2 were analyzed using ImageJ software. The
effect of treatment on TLR gene expression in carp was analyzed descriptively by comparing
between treatments. Fish hematology test which includes red blood cells and white blood cells
were analyzed using analysis of variance F ANOVA test (Analysis of Variance).
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3. RESULT
3. 1. Carp White Blood Cell Count
Observation of white blood cell count was carried out to determine changes in the white
blood cell count of carp supplemented with bacteria Bacillus subtilis with different
concentrations. A graph of the average white blood cells of carp can be seen in Figure 1.
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Figure 1. Mean Number of White Blood Cells

Based on Figure 1, the average number of white blood cells of carp in the early treatment
of 92 800 cells / mm3. After 14 days of being fed with supplementation Bacillus subtilis, the
average white blood cell count of carp increased, the highest was in treatment A of 130,400
cells/mm3 and the lowest in treatment C of 115,200 cells/mm3. While the average number of
white blood cells in treatment B was 124,800 cells/mm3.
The number of white blood cells is a determinant of fish health because white blood cells
help protect the fish body from foreign objects that can infect the body, such as attacks by
pathogenic bacteria that attack the immune system. The number of white blood cells in carp
during the study was still considered normal because it ranged from 32,000-146,000 cells/mm3.
White blood cells are a reflection of the success of the fish's immune system in developing a
cellular (non-specific) immune response as a trigger for the immune response. The results
showed that the white blood cells in the treatment given supplementation Bacillus subtilis
increased compared to before the treatment.
In addition, the total white blood cell can increase because the fish consume feed
containing probiotics which are recognized as immunogenetic materials. The strengthening of
the non-specific immune system as a result of consuming the probiotic Bacillus subtilis has also
been shown to increase the total leukocytes of major carp and rainbow trout.
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Table 3. Number of White Blood Cells Mean Post-Treatment.
Mean White Blood Cell Count (sel/mm3)
Treatment

Changes in
leukocytes (%)

Pre-Treatment

Post-Perlakuan

A (10 ml/kg)

92.800

130.400

(+) 29 b

B (20 ml/kg)

92.800

124.800

(+) 26 ab

C (Kontrol)

92.800

115.200

(+) 19 a

Description: (+) increase

Based on Table 3 the number of white blood cells in each treatment has increased.
Treatment A has increased by 29%, treatment B has increased by 26%, and treatment C has
increased by 19%. Based on statistical tests, the addition of bacteria Bacillus subtilis into the
feed affected the white blood cell count in carp. This can be seen from the results of Duncan's
test in treatment A that was significantly different (p<0.05) with treatment C. While treatment
B was not significantly different (p>0.05) with treatment C. So based on Duncan's test the
difference in the mean white blood cell count of treatment A was the best treatment than the
other treatments.
Supplementation Bacillus subtilis can affect increasing the immune system which can be
seen from the increase in the number of white blood cells so that they can phagocytose
pathogenic bacteria. Probiotic bacteria, one of which is bacteria, Bacillus subtilis functions to
increase immune cells by stimulating the production of immune cells by inducing leukocyteforming cells to produce more leukocyte cells such as lymphocytes, neutrophils, and
monocytes. Probiotic bacteria can stimulate immunity through increased levels of macrophages
and antibodies, thereby suppressing the population of pathogenic microbes in the body by
producing antimicrobial compounds.
Treatment B increase the number of white blood cells which was lower than treatment A,
presumably due to the presence of immunosuppressive factors. Immunosuppression occurs
because the density of probiotics is too high, so the fish body is unable to respond to antigenic
stimuli that enter the fish body. Another study regarding the administration of the vaccine
whole-cell Aeromonoas hydrophilla to gourami for 14 days also experienced
immunosuppression which resulted in a decrease in the ability of the fish body to form an
immune response as indicated by low total leukocytes. These results had similar results because
on day 14 the fish were immunosuppressed.
3. 2. Carp Red Blood Cell Count
Observation of red blood cell count was carried out to determine changes in the number
of carp red blood cells supplemented with bacteria Bacillus subtilis with different
concentrations. Graphs of the average number of red blood cells of carp can be seen in Figure
2.
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Figure 2. Mean Red Blood Cells

Based on Figure 2 the average number of red blood cells of carp at the beginning of
treatment is equal to 1,450,000 cells / mm. After 14 days of being feed supplementation Bacillus
subtilis, the average number of red blood cells of carp increased, the highest was in treatment
B of 2,320,000 cells/mm3and the lowest was in treatment C of 1,635,000 cells/mm3. While the
average number of white blood cells in treatment A was 1.825.000 cells/mm3.
The number of red blood cells in fish can indicate the health of the fish and its
physiological condition. The number of red blood cells in carp during the study was still
considered normal because it ranged from 1,050,000 – 3,000,000 cells/mm3. Bacteria Bacillus
subtilis supplemented in feed can maintain the number of red blood cells in the fish's body
within normal limits. This happens because of the homeostatic efforts in the fish body so that
the fish body produces more blood cells to replace erythrocytes that experience lysis due to
infection.
The number of red blood cells in the fish body is influenced by species, differences in the
parent (genetic), nutritional conditions, physical activity, age, anemia, kidney damage, stress,
and water temperature. Another study revealed that the addition of Bacillus sp. in the feed
affected increasing the total erythrocytes of catfish, fish Labeo rohita, and rainbow trout fed
the probiotic Bacillus subtilis.
Based on Table 4, the number of red blood cells in each treatment increased. Treatment
A has increased by 21%, treatment B has increased by 38%, and treatment C has increased by
11%. Based on statistical tests, the addition of bacteria Bacillus subtilis into the feed affected
the number of red blood cells in carp. This can be seen from the Duncan test results in treatment
B that were significantly different (p<0.05) from treatment C. While treatment A was not
significantly different (p>0.05) from treatment C. So based on Duncan's test the difference in
the average number of red blood cells in treatment B was the best treatment than the other
treatments.
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Table 4. Number of Red Blood Cells Mean Post-Treatment.
Mean Red Blood Cell Count (sel/mm3)

Changes in
Erythrocytes (%)

Treatment
Pre-Treatment

Post-Treatment

A (10 ml/kg)

1.450.000

1.825.000

(+) 21 ab

B (20 ml/kg)

1.450.000

2.320.000

(+) 38 c

C (Kontrol)

1.450.000

1.635.000

(+) 11 a

Description: (+) increase

Treatment A increased in the number of red blood cells which was lower than treatment
B, presumably due to the anoxia factor. Red blood cells contain hemoglobin which functions to
carry oxygen to all body tissues. A low number of red blood cells can result in fish not being
able to take in large amounts of oxygen even though the availability of oxygen in the waters is
sufficient. So that fish can experience anoxia (lack of oxygen).
Low erythrocyte levels indicate anemia, while high erythrocyte levels indicate that the
fish are under stress. This is consistent with the assumption that fish in treatment B were
immunosuppressed so that fish were stressed and red blood cell levels increased compared to
other treatments. Fish under stress conditions will experience increased respiratory rate and
blood pressure, the supply of red blood cells will be released into the blood circulation system,
and the inflammatory response will decrease due to pressure from hormones from the adrenal
glands.
Another study revealed that the addition of probiotic Bacillus sp. has a very significant
effect on the total erythrocyte value of tilapia, and has an effect on maintaining and increasing
the total erythrocytes of carp fry. This is in line with research conducted that supplementation
with bacteria Bacillus subtilis can increase the total red blood cells of carp.
3. 3. TLR 2 Gene Expression
Observation of carp gene expression was carried out to determine the expression of the
TLR 2 gene after being fed bacteria Bacillus subtilis. The results of RNA isolation using the
Phenol Chloroform method were calculated to determine the level of purity and contaminants
in the RNA. The results of the calculation of the concentration and purity of RNA can be seen
in Table 5.
Table 5. Concentration and Purity of RNA.
Sample Code

A260

A280

Concentration
(ng/µL)

Purity
(Ratio A260/A280)

AG

1.7583

0.9387

1406.64

1.87
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AH

3.2324

2.0545

2585.92

1.57

BG

2.5470

1.6188

2037.60

1.57

BH

1.8614

1.0125

1489.12

1.84

CG

2.2527

1.2890

1802.16

1.75

CH

2.5203

1.8255

2016.24

1.38

The concentration of RNA (Table 5) ranged between 1406.64 to 2585.92 ng / uL. The
highest RNA purity in the AG sample (Treatment A kidney sample) was 1.87 and the lowest
was CH sample (Treatment C liver sample) was 1.38. While the purity of the BH sample
(Treatment B liver sample) was 1.84, the CG sample (Treatment C kidney sample) was 1.75,
and the AH sample (Treatment A was a liver sample) and BG (Treatment B was kidney sample)
were 1.57. The AG, BH, and CG samples showed good purity because the ratio of the total
RNA samples was 1.8 so that they could be continued in the next process. The purity levels of
AG, BG, and CH samples obtained were low, meaning that there were many contaminants in
the sample in the form of excess phenol, chloroform, or salt. So that the purification process for
the three samples was carried out. The results of RNA washing can be seen in Table 6.
Table 6. Concentration and Purity of RNA after Purification.

Sample Code

A260

A280

Concentration
(ng/µL)

Purity
(Ratio A260/A280)

AG

1.7583

0.9387

1406.64

1.87

AH

2.2545

1.0441

1803.60

2.16*

BG

0.0667

0.0324

53.36

2.06*

BH

1.8614

1.0125

1489.12

1.84

CG

2.2527

1.2890

1802.16

1.75

CH

0.0960

0.0503

76.80

1.91*

Description : (*) After purification

Samples AH, BG, and CH that has been purified to increase the purity levels of RNA
(Table 6). This happens because the RNA washing process uses 75% ethanol. Good purity
values and meet the requirements needed for molecular analysis range from 1.8 to 2.0. The CH
sample has a purity value of 1.91, meaning that the CH sample belongs to the ideal sample
because it meets the requirements needed for molecular analysis. The AH sample has a purity
value of 2.16 and the BG sample has a purity value of 2.06.
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This means that the AH and BG samples exceed the ideal purity of RNA. The value of
the purity of the extraction results of more than 2.0 indicates that the extraction results still
contain contaminants from protein compounds. In addition to the purity and concentration of
RNA, the requirements for RT-PCR molecular analysis are minimum degradation,
concentration >50 ng/μL, and no contamination of gDNA and protein.
RNA samples that have met the requirements are then amplified and electrophoresis. The
amplification results can be used to measure the RNA expression of the intensity of the
amplified product in the gel semi-quantitatively. Band intensity or thickness was then quantified
and compared with housekeeping genes to estimate the relative expression level of the amplified
target. The expression level of each gene was observed through differences in band thickness
produced by each sample on agarose gel by calculating the area and percentage produced. This
was done to ensure the quality of gene expression produced by each sample. The results of
measurements showing the area or thickness of the band and the percentage produced by each
sample can be seen in Table 7.
Table 7. Results of Measurement of Area and Percentage of Band Thickness.

No

Area (pixel)

Percentage (%)

TLR 2

TLR 2

Sample

1

CH

25859.86

18.24

2

BH

24530.15

17.30

3

AH

28016.30

19.76

4

CG

19267.40

13.59

5

BG

21383.47

15.08

6

AG

22739.00

16.04

The area of the primary TLR 2 (Table 7) is the highest for the AH sample of 28016.30
pixels, then the sample of CH30. the AG sample is 22739.00 pixels, the BG sample is 21383.47
pixels, and the lowest in the CG sample is 19267.40 pixels. The band resulting from the
amplification process with the area of the analysis results has a directly proportional
relationship. Samples that have a thick band will give a larger area so that the resulting
percentage is also greater. The percentage of the thickness of the electrophoresis visualization
band can be seen in Figure 3.
The percentage of TLR 2 gene expression (Figure 3) in the liver sample of treatment A
was 18.24% followed by an increase in -actin gene expression by 18.97%, treatment B by
17.30% followed by an increase in -actin gene expression by 20.67%, while in treatment C the
percentage of TLR 2 gene expression was 19.76% but there was a decrease in -actin gene
expression by 16.58%. This indicates that the highest gene expression level in the liver sample
was in treatment B.
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Figure 3. Percentage of Band Thickness

The percentage of TLR 2 gene expression in the kidney sample in treatment C was
13.59% with decreased expression of the -actin gene by 13.18%, treatment B by 15.08% with
a decrease in gene expression of -actin by 12.40%, while in treatment A the percentage of TLR
2 gene expression was 16.04% followed by an increase in gene expression. n -actin by 18.20%.
This indicates that the highest level of gene expression in kidney samples was found in
treatment A.
The percentage of gene expression in liver samples was higher than in kidney samples.
This can happen because of the purity level of RNA used, so it can cause the dilution process
and the composition of the ingredients to be inaccurate. Most expression levels are thought to
be strongly related to the number of copies of transgene in each cell.
Supplementation of bacteria Bacillus subtilis into feed for 14 days was shown to increase
the expression of the TLR 2 gene. This is because the TLR increased TLR 2 expression by
bacteria Bacillus subtilis can make macrophages more sensitive to pathogens and enable more
effective eradication of pathogens. The increase in TLR 2 gene expression varies depending on
the ability of the inducing bacteria to control body homeostasis. In addition, the immune
response by the addition of probiotics is more expressed in TLR 2. Other studies have revealed
that the immune response due to probiotics is more related to TLR 2. This is thought to be
related to the ability of macrophages to differentiate between pathogenic and commensal
microbes. In addition, the administration of probiotics for 7 days in mice showed an increase in
TLR 2 expression compared to the control treatment and the LPS group.
The administration of probiotic Lactobacillus casei to examine the level of TLR 2
immune response in the lamina propia and Peyer results in increased TLR 2 expression in
monocular cells of the gastrointestinal mucosa compared to other groups. An increase in TLR
2 expression was seen after 7 days of probiotic administration.
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Treatment A can increase the number of white blood cells in the body so that it has the
best body defense against invading pathogens. This is by the role of white blood cells as a nonspecific defense of the body. In addition, TLR 2 plays a very important role as a functional
receptor that activates leukocytes to induce an innate immune response against pathogens. So
that the PCR result from treatment A is the best treatment which is in line with the increase in
white blood cells in the fish body, meaning that TLR 2 is well expressed in treatment A.
The criteria that need to be considered to get an efficient probiotic with a positive effect
on the host is with a total density of around 107 cfu/mL – 109 CFU/mL. Treatment B with a
higher concentration of bacteria than treatment A did not provide a good body defense and did
not provide better body resistance and even caused more mortality. The number of bacteria in
the digestive tract that is getting denser can cause competition between bacteria so that the
activity of bacteria in digesting nutrients will be hampered and cause the death of these bacteria,
and disrupt the balance of microflora in the maintenance medium and the host's body. Factors
that influence the host's response to probiotics include microflora composition, host intestine,
the dose used, age, and quality of probiotics. The use of probiotics in high doses did not
guarantee better protection against the host.
In addition, the purity and concentration of RNA used during the amplification process
can affect the results. The AG sample is the concentration and purity of RNA obtained by a
one-time washing process or not through the purification process so that the AG sample is
thought to be better than the other kidney samples. While the AH sample is a sample with the
highest level of purity compared to other liver samples.

4. CONCLUSIONS
Based on the research that has been done, it can be concluded that the addition of bacteria
Bacillus subtilis into carp feed can improve the immune system seen from the level of gene
expression and fish hematology. Increased gene expression highest in treatment A (Addition of
Bacillus subtilis 10ml / kg of feed at a density of 108 CFU / mL), namely, the sample of the
liver (AH) of 19.76% and a sample of the kidney (AG) of 16:04% which is in line with an
increase in white blood cells by 29% and an increase in red blood cells by 21%.
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