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Abstract

Microplastics that are eaten by fish will bioaccumulate and will settle in the fish's body, especially in the gills and stomach
organs. Exposure to microplastics in farmed animals can cause damage to gonadal cells and increase the level of aromatase in
fish body so that the synthesis of androgens to become estrogene is higher. Cyp19b is a gene responsible for the synthesis of
the aromatase enzyme which is related to the androgen hormone. The purpose of this study was to analyse the effect of giving
polystyrene to catfish (C. gariepinus) feed on changes in the Cyp19b gene sequence. This research was descriptive experimental
research. Results and observation data were analysed using a comparative descriptive method. The study was conducted by
examining the brain of catfish (C. gariepinus) to determine changes in the Cyp19b gene sequence. The first step was to extract
DNA from the gonads and fish brains, then examine the Cyp19b gene sequence. The next step was constructed a phylogenetic
tree to determine if there is a change in kinship in the Cyp19b gene sequence. The results showed a trend towards changes in
the Cyp19b gene sequence which can be described in a phylogenetic tree.
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1. Introduction

Catfish (Clarias gariepinus) is one of freshwater
species that has potential for aquaculture because of
its delicious meat taste, affordable price, and easy to
cultivate (Negara, et al., 2015). National catfish
production from year to year continues to increase and
continues to dominate freshwater aquaculture
commodities from 2013-2018. In the last six years,
there has been an average increase in catfish
production of 11.77% per year (Hendrawan, et al.,
2020). The production of catfish in Indonesia reached
347,511.48 tons in 2020, placing it in second place
behind tilapia (KKP, 2020).

Microplastics in the waters have the potential to be
consumed by aquatic organisms. The most common
type of microplastics found in waters is polystyrene.
Polystyrene is a plastic composed of several chemicals
such as styrene, plasticizer, butyl hydroxy toluene
(BHT), polystyrene and CFC (chlorofluorocarbon).
The use of these additives can be dangerous if it occurs
continuously and accumulates in the body which has
effects such as carcinogens, reduces cell stability,
disrupts the endocrine system or hormonal system and
damages reproductive organs including increased
aromatase encoded by the Cyp19a and Cyp19b genes
(Al Mukminah, 2019; Yona, Di Prikah, & As'adi,
2020

When microplastics enter the body through the cell
membrane, polystyrene will unite with the basic
receptor protein and enter the cell nucleus (Sedayu,

*) Corresponding author: f4dj4r_02@ub.ac.id

2011). Polystyrene then will interact with DNA and
attack the genes that control many biochemical
reactions such as the synthesis and metabolism of
hormones, enzymes, as well as growth and
reproduction factors.

Microplastics that are consumed by fish will
accumulate and remain in the fish's body, especially in
the gills and stomach (Lu, et al., 2016). In addition,
microplastics can also cause damage to the ovaries,
brain, mouth area and even the liver (Wang, et al.,
2019; Farrell & Kathryn, 2013). Ingested
microplastics can cause fish to become intersexual or
have erratic sex due to the presence of Endocrine-
Disrupting Chemicals (EDC) which interfere with the
hormone system, thus interfering with external
fertilization of fish. Sex in fish is determined by more
than one gene, such as the aromatase gene
(cytochrome P450) Cyp19a which is expressed in the
ovaries and Cyp19b which is expressed in the brain
(Irmawati, et al., 2022).

Microplastics can cause stress, disrupted
metabolism, damage to liver, kidney, gill, gonad
tissue, reduce cell membrane stability, disrupt energy
absorption by biota, inhibit growth and reproduction
of aquatic organisms (Lusher et al., 2017; Su et al. ,
2018).

The inhibition of the fish reproduction process can
lead to reduced regeneration of a fish population in the
ecosystem. Microplastics in waters cause reproductive
disorders because microplastics can inhibit hormone
responses. Exposure to microplastics can cause
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damage to gonadal cells and increase the level of
aromatase in the fish's body so that the synthesis of
androgens into estrogens is higher. Estrogen is a
steroid hormone that plays a role in fish reproduction.
Exposure to microplastics containing several
chemicals such as styrene can cause the activation of
estrogen cells which will capture estrogen around the
brain so that estrogen increases. Aromatase is
responsible for the aromatization of androgens to
estrogens. There are two types of aromatase genes in
fish bodies, namely type one Cyp19a (gonad type) and
type two Cyp19b (brain type). Increased expression of
the aromatase gene type one Cypl9a (gonadal type)
can cause feminization or the formation of ovaries in
fish, whereas decreased expression of the aromatase
gene causes masculinization or the formation of testes.
Cypl9b is a gene that is responsible for the synthesis
of aromatase enzymes related to androgen hormones
(Heriyati et al. 2015).

2. Material and Methods

2.1. Catfish (C. gariepinus)

Catfish (C. gariepinus) with average length of
+10-15 cm were obtained from People's Hatchery Unit
(UPR) in Ngajum District, Malang and then adapted
for 7 days in the laboratory. The fish were put into the
maintenance aquarium according to the desired
density, 1 fish per 2 liter of water (SNI, 2000). The
stocking density of catfish was 19 fish in the
aquarium. When in adaptation time, catfish were given
commercial feed which was made in form of a wet
paste. Feeding was carried out ad libitum as much as
3% of the biomass of the test animals (Rahma et al.,
2015).

2.2. Manufacture of Microplastics

Styrofoam was the polystyrene source for this
research, crushed using a wet blender. The process of
destroying styrofoam was done 2-3 times, dried under
the sun and covered using a plankton net to prevent the
microplastics from flying into the air. After dried, the
powder was then sifted using a 80 mesh flour sieve
then stored in a plastic jar. In general, the size of
microplastic particles that can be filtered by a flour
sieve is at least > 177 um. This is in accordance with
the provisions of SNI (Marlisa et al., 2020).

2.3. DNA Extraction

Brain samples were taken and weighed as much as
50 mg (0.05 g), then a 1.5 ml tube was prepared and
100 pL of PBS (Phospate Buffer Saline) 1X pH 7.4
was added. Then the sample was put into the tube and
cut into small pieces. small using sterile scissors.
Added 200 pL T1 buffer then mixed using a vortex
mixer for 10 seconds then added 25 pL pro K then
vortexed for 20 seconds then incubated at 56°C in an
800 rpm shaker incubator for 1x24 hours. After
incubation, the sample was centrifuged at 11000xg at
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25°C for 25 minutes. The supernatant was transferred
into a new tube and 200 pL of buffer B3 was added
and vortexed for 20 seconds to homogenize. Then
incubated again at 70°C for 60 minutes in a shaker
incubator at 800 rpm. Then 210 pL absolute ethanol
was added and vortexed for 10 seconds. The sample
was transferred to the DNA column and centrifuged at
11000xg for 3 minutes at 25°C, then the DNA column
was replaced and 500 uL. BW buffer was added, then
centrifuged at 11000xg for 2 minutes at 25°C. The
DNA column was replaced and 600 pL of buffer B5
was added, then centrifuged at 11000xg for 3 minutes
at 25°C, then transferred to a new tube and treated with
dry silica membrane by centrifuging the sample at
11000xg for 3 minutes at 25°C. Then 25 pL of warm
BE buffer (70°C) was added and incubated for 5
minutes at room temperature. Then the sample was
centrifuged at 11000xg for 5 minutes at 25°C and a
DNA sample was obtained. Then stored in a
refrigerator at 40°C until DNA analysis was carried
out. After obtaining the DNA, a quantitative test was
carried out wusing a Nano Drop 2000 UV
spectrophotometer. Calibration was carried out using
an Elution Buffer as a DNA stock solvent. DNA is in
a pure state when it has the A 260/280 range of 1.8-2.

2.4. DNA Amplification Using PCR (Polymerase
Chain Reaction)

2 pl DNA extracted was then put into an tube (0.2 ml),
and added with the master mix (Primer F (0.5 pl),
Primer R (0.5 pl), ddH20 (2.75 pl), and 2% Go Taq
Green PCR (0.25 pl)). Primer F and Primer R are
presented in Table 5. The master mix was putina 1.5
ml microtube, then homogenized. A 200 pl microtube
was prepared and the master mix was put into the
microtube with a predetermined concentration. 1 pl
DNA template was added into the microtube, then put
in the Thermalcycler which had been set for a certain
time. Until the specified time, the microtubes were
taken from the Thermalcycler and stored in the
refrigerator for a long period of time.

Table 1. Designed specific primers and nucleotide
sequences (Aggarwal, et al. 2014)

Gene Primer Primer Sequen
Brain Aromatase CYP19bF 5’TGGAGATGGTA
(CYP19b) ATCGCAGC3’
CYP19bR 5’ TTGGTTTGCCT
GATGGTGC3’
B-actin B ActF 5’ACAACGGATCC
GGTATGTGC3’
B ActR 5’ TGGTGACAATA
CCGTGCTCG3’

2.5. Electrophoresis

A 2% agarose gel was prepared, then poured into
an electrophoresis tank that had been equipped with a
comb (electrophoretic comb). After the agarose
solution hardens (forms a gel), then the TBE buffer
solution is poured on a flat electrophoresis apparatus.
The agarose was placed on the electrophoresis
apparatus, 1x TBE were added if the solution did not
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inundate the agarose as high as 2 mm. The solution to
be tested was added with 2 L of loading dye. This
solution serves to amplify the DNA template and gives
color. 10 pL of sample was taken and placed it in the
agarose gel well. Placed using 2 hands to prevent
tremors (shaking) in the hands:. After that the marker
that has been used is placed at the end of the agarose
as much as 1 pL. The process run to 60 minutes,
finally Agarose was visualized using Gel Doc.

2.6. DNA Sequencing

The amplified PCR results were then sent to First
Base Co (Malaysia) using Big Dye®© terminator
chemistry (Perkin Elmer), to obtain the base sequence
that forms DNA or nucleotide sequences. The results
of the DNA sequence were matched using the BLAST
(Basic Local Alignment Search Tool) program, which
is the NCBI program
(https://blast.nchi.nim.nih.gov/Blast.cgi) used to look
for similarities in nucleotide or protein sequences with
sequences database in GenBank.

2.7. PCR Data Analysis

The data from the sequencing results were
analyzed and edited using BioEdit (Hall, 1999).
Sequence data obtained is then matched with data
available at GenBank NCBI online (requires stable
internet speed) using the BLAST method. The results
of the sequence analysis were performed using the
MEGA ver. 7 and then aligned with data from
GenBank.

3. Results and Discussion

3.1. Results
The results of the Fasta Cyp19b catfish can be seen
in Table 2 below.

Table 2. FASTA of Cyp19b

1A >36339879
CTGAGATGGGGGCGAGTGGGTTGTGGACGGTGGG
AAACCGAGCGCAGCGCCTGACACGCTTTCCATCAG
CCTTTTCTTCATGCTGATGCTGCTCAAACAGAACCC
AGATGTGGAGCTGAGGATAGTGGAGGAGATGAAC
AGCGTGCTCAATGACAAAGATGCTGAAAACATTGA
TTATCAGGTGTTGGAAGTGATGGAGAGTTTCATCA
ATGAGTGTCTGAAGGTTTCATGGGGTGGTTGATTT
CACAATGCGAAAAGCTGTCCAAGACCGACAAATC
GAAGGCACCAGCATCCGAAAGGGAACCAACATGA
TTCTTAACATTGGTCTCATGCACAAGACGGAGTTC
TTCCCAAAAGCAAAAGCAAAGCAAAGAGTTCAGT
CTGATGAACTTTGATGAAAACCGCCTATTGCGTAC
ACCTCCTGCCCGGCGTCCCCCTTAAAA

2| B >36340632
CATACCAAAAGGGGTGATATTTTGAAGGTTAGTCT
GATGGCGCAGCGCCTGAGACACGCTTTCCATCAGC
CTTTCTTCATGCTGATGCTGCTCAAACAGACCCAG
ATGTGGAGCTGAGGATAGTGGAGGAGATGAACAG
CGCTGCTCAATGAGGTTTGATCCCGTGGTTGATTTC
ACAATGCGAAAAGCTGTGGAAGACGACAACATCA
GAAGGCACCCAGCATCCGAAAGGGAACCAACATC
ATTCTTAACATTGGTCTGATGCACACAAGACGGAG
TTCTTCCCAAAAAGCACCAAGCATCCGAAAGGGAA
CCAACATCATTCTTAACATTGGTCTCATGCACAAG
ACGGAGTTCTTCCCCAAAAGCAAAAAGAGTTCAGT
CTGATGAACTTTGATAAAACCGTGCCCAGTCGTTT
CTTCCAGCCCTTTGGTAC

55

3|C >36340365
GGGCTCCTTAATAGTTCGGGGATTAGATGCTGGAG
ATTAGAGGAAGGAAGCGCAGCGCCTGACACGCTTT
CCATCAGCCTATTCTTCATGCTGATGCTGCCAAAC
AGAACCCAGATCTGGAGCTGAGGATAGTGGAGGA
GATGAACAGCGTGCTCAATGACAAAGATGCTGAA
AACATTGATTATCAGGTGTTGGAAGTGATGGAGAG
TTTCATCAATGAGTGTCTGAGGTTCATGCCGTGTGT
TGATTTCATTTCACAATGCGAAAGCTCTGGAAAGA
CGACAACATCGAAGGCACCAGCATCCGAAAGGGA
ACCAACATCATTCTTAACATTGGTCCATGCACAAG
AACTTTGATAAAACCGACATAGCAGTGCTGATCCA
GGTGTGCTGAATCTCTGTTTTCTGCTCTGCTTCCTT
GTGGCTATGGTAGTATAAGAGCTAGTCCCTAATGT
GTTCATCTCCTGCCCGGTGTCCCCCTTTAATACCCC
TTTTAATAAG

4| D >36340155
ACAAAAACATAGAGAATAGTGCGTCTTATACTACG
ATAGTCCCAACGCACGCAGCGCCTGACACGCTTTC
CATCAGCCTTTTCTTCATGCTGATGCTGCTCAACAG
AACCCAGATGTGGAGCTGAGGATAGTGGAGGAGA
TGAACAGCGTGCTCAATGACAAAGATGCTGAAAA
CATTGATTATCAGGTGTTGGAAGTGATGGAGAGTT
TCATCAATGAGTGTGTCTGAGGTTTCATCCCCGTGT
GGTTGATTTCACAATGCGAAAAGCTCTGGAAGACG
ACAACATCGAAGGCACCAGCATGCCTATATCTCCT
CCTCCTCCTCCTCCTCCTCCACCACCAC

5| K >K-CYP19B
CTGGGGGTGGGGGGCGTGCTCGGTTATGCATGCTG
CGGACGCAGCGCCTGACACGCTTTCCAATCAGCCT
TTCTTCATGCTGATGCTCTCAAACAGAACCCAGAT
GTGGAGCTGAGGATGAGTGGAGGAGATGATGAAC
AGAGCGTGCTCAATGACAAAGATGCTGAAAACATT
GATTATCAGGTGTTGGAAGTGATGGAGAGTTTCAT
CGAAGGCACCAGCATCCGAAAGGGAACCAACATG
ATTCTTAACATTGGTTTCGGAAGACGACAACATCG
AAGGCACCAGCATCCGAAAGGGAACCAACATCAT
TCTTAACATTGGTCTCATGCACAAGACGGAGTTCT
TCCCAAAAGCAAAAAGAGTTCAGTCTGATGAACTT
GATAAAACCGTGCCCAGTCGTTTCTTCCAGCGTCC
CTAATGTGTACATCTCCTGCCCGGCGTCCCCCTTTA
ATA

Note: A, B, C, D, K are treatments

3.2. Phylogenetics

The phylogenetic results of microplastic exposure
to changes in Cyp19b gene in catfish (C. gariepinus)
can be seen in Figure 1:

CYP19B K
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0.0712

CYP19B B
0.1885

0.0760

01091 CYP19B C

100

0.1050
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0357 (GU220076.1 Clarias gariepinus

Fig 1. Phylogenetics of Cyp19b

3.3. Discussion

The phylogenetics of the Cypl9b in catfish
exposed to microplastics resulted in 2 clades. A high
level of kinship closeness of a population will have
many similarities in morphology, genetics and is
influenced by the environment (Mayr, 1970). Based
on the 16S rRNA gene, the percentage of divergent
sequences with a value of +2-3% will change the
status of the species, while a value of 11% in the
percentage of divergent sequences is indicated as a
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new species (Kartavtsev and Lee, 2006). The closest
kinship relationship was obtained from the control
without microplastics in food at 6.09%. Meanwhile,
from the feeding treatment with additional
microplastics it was above 10%. So that the intake of
microplastics in catfish feed that is cultured has a
tendency to change the Cyp19b gene,

Styrofoam also contains a small amount of
formaldehyde which has a long term effect and if it
accumulates continuously it can damage tissues and
irritate digestive organs. Styrofoam is made of styrene
and benzene granules. These two active ingredients
can cause various neurological diseases or nervous
disorders, thyroid damage and are carcinogenic.
Styrene itself is a substance that cannot be dissolved
in the body and can not be excreted through the urine
and over time will accumulate in the body-
(Rahmayani, 2018). So microplastics carried by
aquaculture water and eaten by fish will have an
impact on the Cyp19b gene and are feared to have an
impact on humans who consume them as well.

Cytochrome P450 aromatase (Cypl9) is an
enzyme involved in the conversion of androgenic
steroids (testosterone) to estrogens (estradiol).
According to Chiang, et al. (2001), the Cyp19b gene
is located in the link group of chromosome 25. The
regulation of this gene determines the ratio of
androgen (CY19) to estrogen (CY18). Therefore, the
expression of this enzyme is essential for reproduction
as well as sex differentiation. Fish have two Cypl9
genes (Cypl9a and Cyp19b) each of which encodes a
different protein and has its own regulatory
mechanism. In general, the Cypl9 gene differs
significantly in its expression ontogeny. Cypl19a has
more gonad shape than Cyp19b brain shape. However
unlike Cyp19a, the expression patterns of Cyp19b can
be clearly separated into the two populations,
suggesting an association with sex differentiation
(Aggarwal, et al., 2014).

Expression of Cyp19b in the hypothalamus and
limbic areas of the brain influences behavior and the
direction of sex change. Estrogen produced in the
brain can be further metabolized into catechol
components which can also bind to estrogen receptors
around the brain (Tong & Bon-chu, 2003). Aromatase
enzyme activity correlates with estradiol targets and
functions to regulate sex, reproduction, and behavior.
The activity of the aromatase enzyme is limited to
areas with a gonadal structure, i.e. larvae with low
aromatase activity will lead to the formation of testes,
while high aromatase activity will lead to the
formation of ovaries interpretation of the results of the
analysis related to the problem and objectives. In the
discussion, the novelty aspect of the research results is
written, which is compared with the results of previous
research or literature, which is marked by the inclusion
of citations.

Aguacultura Indonesiana 2023, 24(2): 53-60

4. Conclusion

This study suggested that the exposure to
microplastics on the feed for catfish (C. gariepinus)
aquaculture affects the genetic distance of the catfish
Cyp19b gene and changes in its genes
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