L : : . March 2025 Vol. 13, No. 1
Bioscientist: Jurnal lImiah Biologi c-ISSN: 2654-4571

https://e-journal.undikma.ac.id/index.php/bioscientist pp. 51-60

Proteins Characterization in The Skin Mucus of Mutiara Catfish
(Clarias Gariepinus) by Using SDS Page Electrophoresis Method

Cindy Claudea Hanami
Master of Fisheries and Marine Biotechnology Study Program, Faculty of Fisheries and Marine
Sciences, Airlangga University, Surabaya, Indonesia.
*Corresponding Author e-mail; cindy.claudea.hanami-2022 @fpk.unair.ac.id
Received: January 2025; Revised: February 2025; Accepted: February 2025; Published: March 2025

Abstract: Fish have a body defense system to protect themselves from various threats originating from the aquatic
environment. One of the outermost defense mechanisms in the fish body is skin mucus. Mucus on fish skin is
composed of water, glycoproteins, enzymes, antibodies, and other organic compounds. Through proteomic
screening analysis, we can investigate the types and abundance of major proteins in fish mucosal exosomes. The
aim of this study was to analyze the molecular weight of proteins in the surface mucus of mutiara catfish, and to
identify the proteins detected in the mucus of mutiara catfish. The research method uses a descriptive method. The
characterization process using SDS-PAGE. Analysis of protein molecular weight is obtained by measuring the
displacement distance (Rf) in the sample. The molecular weight of proteins detected in mutiara catfish mucus had
a molecular weight of 7.10 kDa, 13.51 kDa, 15.46 kDa, 28.78 kDa, 30.72 kDa, 42.40 kDa and 69.17 kDa. Proteins
found abundantly in the mucus on the surface of catfish skin have a molecular weight ranging from 7-15 kDa, where
this protein has various roles including immune defense, regulation of metabolism, oxidative stress, and the nervous
system, stress regulation, regulation of cellular function, muscle contraction, and nervous system function. It can
be concluded that the proteins found in the mucus on the surface of catfish skin are mostly small-sized proteins and
have a major role in body defense, immune protection, and adaptation to environmental stress. These proteins are
very important in maintaining fish health.
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INTORDUCTION

The aquaculture industry with high fish density has the potential to support the
creation of pathogenic organisms in the aquatic environment. It can cause fish to be
susceptible to diseases caused by bacteria and poor water conditions (Dash et al.,
2018). However, fish have a body defense system to protect themselves from various
threats originating from the aquatic environment. Mucus is a thick, porous and very
sticky mass that forms a lubricating layer for the underlying mucosal tissue (Faeste et
al., 2020). Mucus on fish skin is produced by mucus cells which are composed of water,
glycoproteins, enzymes, antibodies, and other organic compounds. Mucus also
contains various active components related to innate immunity such as proteases,
lectins, immunoglobulins, antimicrobial peptides, complement, C-reactive protein, and
lysozyme (Faeste et al., 2020). On the surface of the skin, mucus acts as the first
barrier to various stressors received by fish (Montero et al., 2021). In addition, mucus
has a role in carrying out the functions of protection, respiration, reproduction,
excretion, communication, food processing, and osmotic regulation (Dash, 2018).

Biochemically, mucus on the surface of fish skin contains various defense
proteins to fight infection and repair damaged fish body tissue. Physical or surface
factors include scales, mucus layers, and epithelial cells lining the gills, skin, and
digestive tract play an important role in fighting infection. The epidermal epithelium
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prevents the entry of foreign objects, and it is also inhabited by macrophages,
eosinophilic granular cells, and lymphocytes. Fish can interact with their environment
through the mucosal barrier while maintaining homeostasis (Mokhtar et al., 2023). The
composition of mucus in fish varies between different species and is influenced by
various external and internal factors (Mohd et al., 2020).

Mutiara catfish (Clarias gariepinus) is one of the new strains of fish comes from
a cross between four strains of African catfish found in Indonesia, namely Egyptian
catfish, Paiton catfish, Sangkuriang catfish, and Dumbo catfish (Sugianti et al., 2022).
Catfish have skin that is not scaly, slimy, and slippery (Prasetyo, 2021) due to the
presence of a mucus layer from mucus cells (Ismail et al., 2020). The epidermal layer
of catfish consists of epithelial cells, mucus cells, club cells, pigment cells (Andriani et
al., 2017), and has layered epithelial cells with many malpigian cells (Zoghby et al.,
2016). Many studies have been conducted on the protein profile of mucus, but there is
still very little information on the protein profile of mucus in Mutiara catfish.

Proteome refers to all proteins expressed by a single genome, or a particular cell,
tissue or subcellular structure, and its composition varies according to various
conditions (Liu et al., 2020). Through proteomic screening analysis, we can investigate
the types and abundance of major proteins in fish mucosal exosomes (Zhao et al.,
2021). The proteomic technology that is currently widely used in analyzing protein
profiles is electrophoresis. Electrophoresis is a technique used in the process of
separating protein molecules by relying on the basic properties of proteins that have
ionic charges. (Nurfaidah et al., 2020). Proteins can be positively or negatively charged
depending on the pH and ionic conditions around them, so that when given an electric
charge, the protein will move towards the opposite pole. (Nurfaidah et al., 2020).
Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) is one of
the electrophoresis techniques that is widely used to characterize proteins based on
their molecular weight. The use of this technology can help provide information and
map the protein profile in fish skin mucus as a body defense system.

The aim of this study was to analyze the molecular weight of proteins in the
surface mucus of mutiara catfish, and to identify the proteins detected in the mucus of
mutiara catfish. The resulting mucus protein profile can provide important information
regarding the role of mucus proteins which and it also can be used to support fish
conservation and habitat management efforts.

METHOD

The research method uses a descriptive method, namely describing or depicting
the observed object based on the data results obtained by the researcher. This
research was conducted at the Basah Laboratory, Faculty of Fisheries and Marine
Sciences, Airlangga University, and the Proteomics Laboratory, Institute of Tropical
Disease, Airlangga University from June to August 2024.

The sample used in this study were mutiara catfish (C. gariepinus) aged 70-80
days with a body weight of 115 + 25 g. The tools used in this study were aquariums
measuring 30 x 30 x 30 cm, aerators, hoses, fishing nets, 20 L plastic buckets,
spatulas, microtubes, labels, SDS PAGE, cameras, notebooks, and markers. The
materials used for protein analysis using the SDS-PAGE method were ammonium
persulphate, Acrylamide, butanol, bis Acrylamide, tris HCI, E buffer, Sodium Dodecyl
Sulphate, methanol, Comassie Brilliant Blue, acetic acid, formaldehyde, ddH20, and
Tetra Methyl Diamine.

Skin mucus samples were collected using the method described by Guardiola et
al. (2014) with slight modifications. The fish were placed on a sterile tray, then the
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mucus was collected by scarping, which is by scraping the lateral surface of the fish's
skin. When scraping, avoid the area around the fish's anus to avoid unwanted
contamination. The mucus was centrifuged at 12,000 g at 4°C for 10 minutes and
immediately stored at -80°C until further analysis. The characterization process using
SDS-PAGE consists of making SDS-PAGE gel, Running Gel SDS-PAGE, Staining and
Destaining Gel. 20uL of protein sample is premixed with SuL of loading buffer in a
microcentrifuge tube. The sample is heated for 5 minutes at 95°C and the sample is
spun down for 1 minute at 13,000 rpm. ~ 6L of protein marker and ~ 10uL of protein
sample are loaded into each well. The chamber is closed with a lid then the electrode
points are connected to the power cable (Voltage) then electrophoresis is run in 2
steps: Step 1 - 30 minutes at 60V, Step 2 - 1 hour 30 minutes at 140V. The gel staining
and destaining process was carried out using Staining Solution (500 mL Aquades; 100
mL Acetic Acid; 400 mL Ethanol; 1.5 grams Coomassie Brilliant Blue).

Analysis of protein molecular weight is obtained by measuring the displacement
distance (Rf) in the sample. The Rf value is determined based on the following formula:

Protein migration distance

tracking dye distance
Then the Rf value is entered into the linear regression equation with the formula:
Y=ax®+bx?+cx+d (cubic)

Y is molecule weight; x is RF Value; a,b,c,d is constanta value. The Y value in the
formula is still in log form, so the Y value is first changed to antilog to get the molecular
weight of the protein.

RESULT AND DISCUSSION
Description of Mutiara Catfish

Mutiara catfish (Clarias gariepinus) is a type of fish strain obtained from breeding
in Indonesia which was formed through a selection program (selective breeding
program) (Iswanto et al.,, 2015). Initially, the mutiara catfish was the result of
development carried out by BPPI (Fish Breeding Research Agency) Sukamandi in
West Java and was officially declared to have passed the Type/Variety Release
Assessment on October 27, 2014 (Sugianti et al., 2022).

Figure 1. Mutiara catfish (Clarias gariepinus)

The classification of mutiara catfish is as follows: Kingdom Animalia, Phylum
Chordata, Class Actinopterugii, Order Siluriformes, Family Clariidae, Genus Clarias,
Species Clarias gariepinus (Burchell, 1822). Comparison of morphometric and meristic
characters of Mutiara catfish with its parent fish showed no significant differences. In
addition, Mutiara catfish has genetic diversity, including a higher number of alleles and
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heterozygosity compared to Egyptian, Paiton, Sangkuriang, and Dumbo catfish
(Iswanto et al.,2015). A systematic picture of catfish can be seen in Figure 1.

Mutiara catfish have specific characteristics including a slightly flat body shape,
an elongated head shape, a pair of small eyes, a pair of nostrils, a mouth equipped
with teeth and four pairs of barbels, a round and elongated body shape, a black to
grayish body, a rounded tail shape, and a pair of sharp spines on the pectoral fins
(Helmizuryani et al., 2022). The results of the evaluation of various zootechnical
aspects show that mutiara catfish have superior characteristics that are quite
comprehensive as a fishery cultivation commodity (Iswanto et al., 2015). Another
advantage of mutiara catfish is its very high growth rate, which is 20-70% faster than
other catfish. In addition, this fish takes about 45-50 days in a ground pond from seeds
measuring 5-7 cm or 7-9 cm (Sugianti et al., 2022). Furthermore, mutiara catfish can
also increase its growth by 100-150% and even 150-200% (Cahyani et al., 2022).

Characterization of Proteins in Mutiara Catfish Mucus

The molecular weight of proteins detected in mutiara catfish mucus samples has
a molecular weight of 7.10 kDa, 13.51 kDa, 15.46 kDa, 28.78 kDa, 30.72 kDa, 42.40
kDa and 69.17 kDa. The molecular weight of the proteins can be seen in Table 1.

9 8 7 6 5 4 3 2 1 WM,

1351 1351 1351 1351
7.10 7.10

Figure 2. Characterization of proteins in mutiara catfish surface mucus. M (marker),
lanes 1-9 (samples 1-9).

There are 3 major proteins, namely 7.10 kDa, 13.51 kDa, 15.46 kDa found in the
sample, in addition there are 4 minor proteins, namely 28.78 kDa, 30.72 kDa, 42.40
kDa and 69.17 kDa in the sample. Strong protein bands indicate high protein
concentrations in the mucus on the surface of the mutiara catfish skin. This protein is
included in the category of small proteins that have a simple structure and function as
hormones, signal peptides, and defense mechanisms in fish mucus. Protein
characterization can be seen in Figure 2.

Table 1. Molecular weight of proteins in mutiara catfish surface mucus

Sample Rf distance Rf value log BM BM
Sample 1 12.8 0.95 0.85 7.10
11.4 0.84 1.13 13.51
11 0.82 1.19 15.46

Bioscientist: Jurnal limiah Biologi, March 2025 Vol. 13, No. 1. | 54



Hanami et al Protein Characterization in The Skin Mucus......

Sample Rf distance Rf value log BM BM
Sample 2 12.8 0.95 0.85 7.10
Sample 3 12.8 0.95 0.85 7.10

11.4 0.84 1.13 13.50

11 0.81 1.19 15.46

7.6 0.56 1.46 28.78

7 0.52 1.49 30.72

4.8 0.36 1.63 42.40

Sample 4 12.8 0.95 0.85 7.10
11.4 0.84 1.13 13.51

11 0.82 1.19 15.46

7.6 0.56 1.46 28.78

7 0.52 1.49 30.72

4.8 0.36 1.63 42.39

3.1 0.23 1.84 69.17

Sample 5 12.8 0.95 0.85 7.10
11.4 0.84 1.13 13.51

11 0.82 1.19 15.46

7.6 0.56 1.46 28.78

7 0.52 1.49 30.72

4.8 0.36 1.63 42.39

3.1 0.23 1.84 69.17

Sample 6 114 0.84 1.13 13.51
Sample 7 114 0.84 1.13 13.51
Sample 8 12.8 0.95 0.85 7.10
11.4 0.84 1.13 13.51

Sample 9 12.8 0.95 0.85 7.10
11.4 0.84 1.13 13.51

The molecular weight of the proteins that appear most in the mucus of mutiara
catfish are 7.10 kDa, 13.51 kDa, and 15.46 kDa. The frequency of the appearance of
proteins with a certain molecular weight in each sample repetition indicates that the
protein is abundant in the mucus on the surface of the skin of mutiara catfish (Table
2). Determination of protein molecular weight is carried out by observing the position
of the protein band with the position on the marker track whose molecular weight is
known or commonly known as a marker (Nurfaidah et al., 2020). Several protein bands
show the same band position indicating that there is the same protein molecular weight
in each sample (Nurfaidah et al., 2020). The SDS Page technique also has a band
thickness that indicates the concentration of a protein molecule, namely the major band
and the minor band (Alberts et al., 2015). The major band explains that the protein has
a high concentration in the sample, while the minor band explains that the protein has
a low concentration found in the observation sample (Alberts et al., 2015).

Table 2. Frequency of Molecular Weight of Proteins on the Surface of Mutiara Catfish
Molecule Weight Sample

(kDa) 01 m VvV VI VIl VIl IX Frequency
7.01 V N e 7
13.51 NV NN N N N N A 9
15.46 v - N NN - - 4
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Molecule Weight Sample

(kDa) 0 W NV VI Vil Vil x| reduency
28.78 - - NN N - - - 3
30.72 - - NN N - - - 3
42.39 - - NN N - - - 3
69.17 - - - NN - - - 1

Fish mucus, secreted by goblet cells, plays an important role in nonspecific
immunity by acting as a chemical or physical barrier against infectious microorganisms
(Dash et al., 2018). Common proteins exist as the main component proteins of red
hybrid tilapia mucus under normal conditions. Their composition and rheological
properties are important for mucus to maintain its functions, including respiration,
osmoregulation, communication, locomotion, and disease resistance (Lai et al., 2009).
It can be concluded that 14 kDa protein is a common protein in Oreochromis spp
mucus (Mohd et al., 2020). In Indian scad, short-bodied mackerel, fusilier goldband,
Japanese threadfin bream, white-lipped eel catfish, and milkfish, albumin protein
bands are in the weight range of 25-62 kDa (Fatma et al., 2023). Based on the results
of the analysis of molecular weight in gourami fish 10 kDa, 25 kDa, 20 kDa, 37 kDa,
50 kDa, 75 kDa, 150 kDa, and 250 kDa (Nurfaidah et al., 2020).

Types and Roles of Proteins

Each type of protein has a different molecular weight due to the composition of
amino acids and different chemical structures. Types of small proteins that have a
molecular weight approaching or ranging from 7-28 kDa are Cystatin, Small Heat
Shock Proteins (sHSPs), Glutathione S-transferase (GST) Isoforms, Neuropeptide Y
(NPY), Endothelin, Tachykinin, Angiotensin, S100 Proteins, Neurotensin, Cathepsin L
(Isoform), Phosducin, Vimentin, Transferrin, Apolipoprotein, Heat Shock Protein 15
(Hsp15), Cytochrome c, Tropomyosin, beta-defensin, Insulin-like Growth Factor (IGF),
Myosin  Light  Chain,  Albumin, Ferroportin,  Glutamine  Synthetase,
Phosphofructokinase (PFK), Calsequestri. Types of medium-sized proteins that have
a molecular weight approaching or ranging from 30-69 kDa include Myosin Light Chain
(MLC), Tropomyosin, Glutamine Synthetase, Apolipoprotein, Cytochrome c, Heat
Shock Protein 30 (Hsp30), Calmodulin, Glutathione S-Transferase (GST), Vimentin,
Ferroportin, Heat Shock Protein 40 (Hsp40), Cytochrome P450 (CYP), Glycogen
Synthase, Phosphoglucomutase (PGM), Ribosomal Protein S6 (RPS6), Cathepsin L,
Heat Shock Protein 70 (Hsp70), Myosin Heavy Chain (MHC), Collagen, Ribosomal
Protein L9 (RPL9), Fibrinogen, Protein Kinase (PKC), Ferritin.

Proteins found abundantly in the mucus on the surface of catfish skin have a
molecular weight ranging from 7-15 kDa, where this protein has various roles including
immune defense, regulation of metabolism, oxidative stress, and the nervous system,
stress regulation, regulation of cellular function, muscle contraction, and nervous
system function.

Table 3. Types and roles of mutiara catfish surface mucus proteins

Molecule

Weight Types of Protein Role of Protein
(kDa)
Cystatin, Small Heat Shock Proteins Physiological regulation such as
~701 (sHSPs), Glutathione S-transferase (GST) immune defense, metabolic
' Isoforms, Neuropeptida Y (NPY), regulation, oxidative stress, and
Endothelin, Tachykinin, Angiotensin the nervous system
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Molecule
Weight Types of Protein Role of Protein
(kDa)
S100 Proteins, Neurotensin, Glutamine Immune defense, metabolism,
Synthetase (isoform), Small Heat Shock stress regulation, and regulation
~13.51 Proteins (sHSPs), Cystatin, Cathepsin L of cellular function
(Isoform), Phosducin, Vimentin,
Transferrin, Apolipoprotein
Cystatin, Heat Shock Protein 15 (Hsp15), Regulation of metabolism,
Cytochrome c, Tropomyosin, Neuropeptide immune defense, muscle
~15.46 Y (NPY), Glutathione S-Transferase contraction, and nervous system
' (GST), Apolipoprotein, beta-defensin, function
Insulin-like Growth Factor (IGF),
Phosducin
Myosin Light Chain, Cytochrome ¢, S100 Cell structure, energy
Protein (S100A1), Albumin, Ferroportin, metabolism, stress response
~28.78 Glutamine Synthetase,
Phosphofructokinase (PFK), Tropomyosin,
Calsequestri
Myosin Light Chain (MLC), Tropomyosin, Muscle contraction, metabolic
Glutamine Synthetase, Apolipoprotein, regulation, detoxification, stress
~30.72 Cytochrome c, Heat Shock Protein 30 regulation, and immune system
(Hsp30), Calmodulin, Glutathione S- function
Transferase (GST), Vimentin, Ferroportin
Heat Shock Protein 40 (Hsp40), Carbohydrate metabolism,
Cytochrome P450 (CYP), Glycogen lipoprotein regulation, stress
~42 39 Synthase, Phosphoglucomutase (PGM), response, muscle contraction,
' Apolipoprotein A-l1 (ApoA-1), Tropomyosin,  and protein synthesis process
Ribosomal Protein S6 (RPS6), Ferroportin,
Vimentin, Cathepsin L,
Heat Shock Protein 70 (Hsp70), Myosin Metabolic process, muscle
Heavy Chain (MHC), Collagen, Ribosomal contraction, protein synthesis,
~69.17 Protein L9 (RPL9), Apolipoprotein B and response to environmental

(ApoB), Phosphoglucomutase (PGM),
Fibrinogen, Protein Kinase (PKC), Ferritin,
Glycogen Synt

stress

According to Reverter et al. (2018), Skin mucus in fish not only functions as a
physical protector, but mucus also has biological and bioactive functions in the defense
of the fish's body which can support immunity, cellular metabolism, and protection from
environmental stress. Epidermal mucus in fish is very effective in fighting the threat of
pathogenic bacteria because mucus contains various bioactive components to
paralyze pathogens and act as a barrier so that bacteria cannot enter deeper tissues
(Gobi et al., 2018). Mucus has the ability to bind organic and inorganic materials and
then release them into the environment, this has an impact on reducing the number of
mucosal cells (Dang et al., 2019).

Heat shock protein is a protein that plays an important role in stress such as
stress from high temperatures, tissue damage, heavy metal pollution, and pathogenic
bacterial infections (Ali et al., 2023). Based on its molecular weight, heat shock proteins
are grouped into five, namely HSP 15-30 kDa, HSP60 (60 kDa), HSP70 (66-79 kDa),
HSP90 (83-90 kDa), and HSP100 (Ali et al., 2023). Several studies have shown that
there are heat shock proteins in the epidermal layer of several fish species including
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Dicentrarchus labrax (Zhang et al., 2013), Sparus aurata (Jurado et al., 2015),
Cyclopterus lumpus (Patel et al., 2017), and Salmo salar (Provan et al., 2013).

In the study of Jurado et al. (2015), it was found that there were several isoforms
of actin, beta globin (HBB), and tropomyosin4-2 in the mucus of gilthead seabream
skin. Beta globin (HBB) has a role in binding other metals in mucus (eg, lactoferrin and
transferrin) to create a low-iron environment that limits microbial pathogenesis (Jurado
et al., 2015). Peptides derived from ribosomal protein S30 were also found in the skin
secretions of rainbow trout (Fernandes et al., 2002). Apolipoprotein-Al (Apo-Al) type
protein was found in S. aurata mucus samples (Jurado et al., 2015).

CONCLUSION

The proteins found abundantly in the mucus on the surface of the pearl catfish
skin are small-sized proteins with molecular weights ranging from 7-28 kDa and
medium-sized proteins with molecular weights ranging from 30-69 kDa. The protein
with the highest concentration is found in the small-sized protein type which is
characterized by a very thick protein band. It is estimated that there are various types
of proteins with molecular weights ranging from 7-69 kDa. The proteins found mostly
have a major role in body defense, immune protection and adaptation to environmental
stress. This protein is very important in maintaining fish health.

RECOMENDATION

This study contains information related to mucus protein on the surface of catfish
skin, it is expected that further research can deepen understanding of the variability of
mucus protein profiles in different environmental conditions and types of fish. This aims
to identify differences that may be useful in designing health management strategies
in the field of aquaculture. It is also hoped that future research will be able to develop
products in increasing mucus production in fish in order to strengthen the
immunological defense of fish so as to reduce dependence on the use of antibiotics.
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