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ABSTRACT

Fish live in an environment that is full of phylogenetically diverse collections of
bacterial pathogens. Fish epidermal mucus is regarded as a barrier between fish
and infectious microorganisms in their surroundings protecting it against
pathogens. The current study aimed to evaluate the biochemical components of
skin mucus, mucosal immunity, and the bactericidal effect of epidermal mucus
in three carp species, including Catla catla, Labeo rohita, and Cirrhinus
mrigala. Biochemical composition showed the presence of protein,
carbohydrate and lipid in the mucus of all three carp species, and concentration
varied with respect to species. Protein and lipid were higher in C.
catla, followed by L. rohita and C. mrigala; whereas, carbohydrate was high in
the mucus of C. mrigala. Mucosal immunity indicating parameters, viz.
lysozyme, alkaline phosphatase, myeloperoxidase, and protease activity was
observed in the epidermal mucus of these species, showing the role of mucus in
immunity. Lysozyme and alkaline phosphatase were high in C. mrigala, and
myeloperoxidase and protease were high in C. catla. To understand the
bactericidal role of raw and agueous mucus, extracts of the epidermis of these
species were tested against the common fish pathogen Aeromonas
hydrophila by well diffusion assay. The results showed that raw as well as
aqueous extracts showed the zone of inhibition (ZOIl) against A. hydrophila;
however, ZOIl was high for raw mucus compared to aqueous extract. The
variation in biochemical composition and mucosal immunity parameters may be
due to variation in their habitat, ecological niche, and the presence of pathogens
in the surrounding medium.

INTRODUCTION

Fish, like other living organisms, interact with a wide range of pathogenic and non-
pathogenic bacteria because they have complex defense mechanisms to help them
survive. The innate immune system fight against infections, from the moment they make
contact with the organism (Kimbrell & Beutler, 2001). Mucus is the initial physical
barrier protecting fish from various infections and microorganisms in the environment
(Bhatnagar & Rathi, 2021). Nagashima et al. (2003) reported that, epidermal mucus is
continuously released so that any bacteria or other particles that get caught are washed
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away, assisting the removal of highly infectious pathogens that have colonized the skin.
Disease susceptibility differences between species and strains have long been assumed to
be related to the host's ability to get rid of pathogen attachment and entry at the place of
mucosal epithelial (Ourth & Chung, 2004; Griffin & Mitchell, 2007).

Proteins and fatty acids are major components of fish skin mucus (Bergsson et al., 2005)
and the amount of phospholipids present in fish mucus helps to determine its viscosity.
Several humoral defense factors, including immunoglobulin, complement, lysozyme,
alkaline phosphatase, protease, and myloperoxidase are also present in the skin mucus of
fish (Watts et al., 2001; Dash et al., 2014; Timalata et al., 2015).

Lysozyme cleaves the glycosidic linkages of the peptidoglycan layer, and its presence in
fish mucus causes lysis of the outermost peptidoglycan layer of bacteria, which is
effective against both Gram-negative and Gram-positive bacteria (Whang et al., 2011).
In epidermal mucus, alkaline phosphatase (AP) is a significant indicator of stress in
Atlantic salmon (Ross et al., 2000). Due to its hydrolytic activity, alkaline phosphatase, a
lysosomal enzyme, has been linked to show a defensive role in the early phases of wound
mending in fish, and it acts as an antibacterial agent (Subramanian et al., 2007).
Proteases, which play a critical role in innate immune systems, are also found in fish
mucus (Palaksha et al., 2008). Protease helps to break the bacterial proteins which
consequently damage the pathogen. The proteases in skin either directly attacks pathogen
or indirectly prevent pathogen invasion by altering the thickness of mucus (Esteban &
Cerezuela, 2015). However, there is currently a lack of comprehensive data on the
antibacterial activity and innate immune characteristics of epidermal mucus in freshwater
fish. The biochemical composition of fish epidermal mucus varies with respect to the
habitat ecological niche because some major carp species reside at the surface, while
others live in the column and at the bottom. The purpose of this study was to investigate
the role of epidermal mucus in the defence system by examining biochemical,
immunological, and antibacterial activity in epidermal mucus of three major carps, while
taking into account the fact that it is a non-invasive method.

MATERIALS AND METHODS

Three carp species; Catla catla, Cirrhinus mrigala and Labeo rohita with a range weight
between 1509 — 240g were procurred from fish farm located in Karnal, district of
Haryana. Prior to mucus collection, fishes were acclimatized in the laboratory for 7-10
days in the Aquaculture Research Unit of the Department of Zoology, Kurukshetra
University, Kurukshetra (29°58° N, 76°51° E). Fishes were kept in aquariums (60x30x30
cm) connected with low pressure aerators and motors. About 40 liter of water in the
aquariums was replaced on a daily basis with previously equilibrated water to maintain
proper hygienic standards. The water quality parameters (APHA, 2017) such as
dissolved oxygen (6.90+0.09 mg L), pH (7.66+ 0.03), conductivity (668.0+ 1.70 umhos
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cm?), temperature (26.37+ 0.24°C), alkalinity(190.9 + 0.90 mg L), chloride (38.28+0.35
mg L), calcium (18.5+0.26 mg L), total ammonia secretion (0.21+0.004 mg L™) and
ortho-phosphate production (0.149+ 0.001 mg L) were within the ideal range during the
experiment (Bhatnagar & Devi, 2013). Fish samples were fed daily at a rate of 4% of
their body weight. Isocaloric and isonitrogenous diet with 40.34 % of protein content,
9.16% of crude fat, 7.64% of crude fiber, 7.24% of total ash, 4.32% of moisture and
38.54% of nitrogen free extract was prepared by using cheap source of protein i.e.
duckweed (Bhatnagar & Raparia, 2015). Groundnut oil cake, rice bran, duckweed,
wheat flour, mineral mixture, and chromic oxide were used to make the basic diet.
Feeding frequency was two times a day at 0900 and 1700 hrs.

I) Mucus collection

Mucus was collected from 8 fishes of each species by scrapping epidermis from the body
of fish. The fish had no chemical or anesthetic treatment in order to collect skin mucus.
Mucus was obtained from fish dorso-laterally by moving aseptic plastic spatula from
head to tail in an anterior-posterior direction. Mucus was collected according to the
technique of Chong et al. (2005) in which the lower part of fish was escaped to get rid of
alimentary and genitourinary contamination. To avoid bacterial contamination, the
scraped mucus was initially discarded. The samples of mucus were collected in vials,
labeled and kept preserved at -20°C to get rid of bacterial augmentation and proteolysis.

1) Biochemical components of fish skin mucus

a) Protein estimation

Protein estimation of fish skin mucus was done by the Lowry assay (Lowry et al., 1951).
In a glass test tube, 2.5ml of lowry reagent was mixed with 500uL of fish mucus and kept
at room temperature for 10 minutes. After that, 250uL of folin reagent was mixed and
shaken well. The mixture was kept at ambient temperature (37°C) for 30 minutes. The
optical density (OD) was measured using a UV-1900i UV-VIS spectrophotometer at 660
nanometers (nm). Concentration of protein from the mucus samples was determined by
using a Bovine serum albumin (BSA) standard curve.

b) Carbohydrate estimation

Carbohydrate presence was determined using phenol-sulfuric acid method (Dubois et al.,
1956). A volume of 0.5ml of fish skin mucus was poured in a sterile test tube, and 0.5ml
of phenol solution was added to the sample and mixed. A rapid addition of 2.5ml
concentrated sulphuric acid was made. The mixture was kept at room temperature for 20
minutes. The OD was measured using a UV-1900i UV-VIS spectrophotometer at 490
nm. The concentration of test samples was calculated using a glucose standard curve.

c) Acid value of fat test

Acid value of fat was tested by method of Zaharah et al. (2005). In a 100ml conical
flask, 1ml of fish mucus was poured. The materials were suspended in a 25-ml organic
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solvent (1:1 ether: alcohol) (95 percent). After adding a few drops of phenolphthalein
solution, everything was well mixed together. The solution was titrated against 0.05 M
KOH for 10 to 15 seconds until the faint pink color remained.

d) Lipid estimation

Lipid was determined by the procedure of Folch et al. (1957). To extract the lipid, 1ml of
mucus sample was mixed with 20ml chloroform — methanol (2:1) solvent, followed by
continuous shaking for 7-8 hours. After shaking, the extract was filtered and the filtrate
was taken in a separating funnel and was washed with solution of saline (0.89%), and the
funnel was left at room temperature overnight. The difference in initial and final weights
of the sample gave the amount of total lipid content.

1) Immune parameter of fish skin

a) Lysozyme activity

Lysozyme activity was measured by turbidimetric assay (Sankaran & Gurnani, 1972)
with slight modification. Mucus sample (100ul) was mixed with 2.5ml solution of
lyophilized Micrococcus lysodeikticus cells (0.1 mg/ml) made in phosphate buffer (0.067
M) at pH 6.25. Optical density was measured at ambient temperature (37°C) using a UV-
1900i UV-VIS spectrophotometer at 450nm for 1-3 min. Change in absorbance of 0.001
per minute was defined as one unit of lysozyme activity. The concentration of test
samples was calculated using egg white lysozyme standard curve.

b) Alkaline phosphatase activity

The activity of alkaline phosphatase in mucus was determined using the method of
Rosalki et al. (1993) with a few changes. About 3ml of the chemical agents (magnesium
chloride, ammonium bicarbonate, and p-nitrophenyl phosphate) were first poured into an
aseptic glass test tube, and 50ul of mucus was then incubated with 3ml of the chemical
reagent. Test sample and chemical reagent were completely mixed and the initial optical
density was measured, using a UV-1900i UV-VIS spectrophotometer at 405nm, followed
by three consecutive absorbance recorded at minute intervals.

c) Myeloperoxidase assay

With few modifications, the content of myeloperoxidase in epidermal mucus was
obtained following the method of Quade and Roth (1997). Mucus (100ul) was dissolved
in Hank’s balanced salt solution (900ul) without Ca** or Mg Then, 20mM 3,30,5,50-
tetramethylbenzidine hydrochloride (350 ul) and 5mM H20. were combined together. To
stop the process, 350ul of 4M sulphuric acid (H2SO4) was added after 2 minutes. The
absorbance was measured at 450nm using UV-VIS spectrophotometer.
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d) Protease activity

The casein hydrolysis test was used to assess protease activity (Dash et al., 2014). For
around 10 minutes, a mucus sample (100 pl) was incubated in casein substrate (Sml)
comprising potassium phosphate buffer with pH 7.4 at 37°C. Afterward, this reaction was
restricted with 110mM trichloroacetic acid (5 ml), followed by placement in a water bath
for 30-minutes at 37°C. Later on, samples were sieved using Whatman paper, and an
aliquot (2ml) of it was dissolved in 5ml of sodium carbonate (500mM) with Folin's
reagent (1 ml). Finally, these samples were incubated for 30 minutes at 36-37°C in a
universal incubator, and their optical density was measured at 660nm using a UV-VIS
spectrophotometer. The concentration of test samples was calculated by using a tyrosine
standard curve.

IV) Antimicrobial activity

a) Mucus extracts preparation

(i) Crude mucus extract was produced under sterile condition. Aseptic mucus was
centrifuged at 10000 r.p.m. for 10 minutes, and then the supernatant was stored at -20°C
for further procedures.

(if) The aqueous extract of mucus was made. To dilute the raw mucus, an equal amount
of physiological saline (0.89% NaCl) was added and centrifuged for 10 minutes at 10000
r.p.m. Afterward, the supernatant was preserved in -20°C for future processing. Sterile
physiological saline was used as negative control at the time of agueous mucus extract
preparation.

The antimicrobial activity of both the mucus extracts was tested against the pathogenic
bacteria Aeromonas hydrophila (was procured from CSIR-Institute of Microbial
Technology, Chandigarh, India with MTCC No. 1739).

b) Screening of mucus extracts for antimicrobial activity

« Agar-well diffusion method

The agar well diffusion method was used to test the antibacterial activity of mucus
extracts on a pathogenic bacterial strain for all the experimental fishes (Perez et al.,
1990). Freshly cultivated bacteria were sown in petri-plates with about 20ml of nutrient
agar media. Wells were cut down with sterile borer, and 100ul of fish skin mucus extract
(crude and aqueous mucus) was poured. After that, plates were incubated at 37°C for 24-
36 hours. The diameter of the inhibition zone created around the well was used to
calculate antibacterial activity (NCCLS, 1993). In millimeters (mm), the diameter of the
zone of inhibition (ZOI) was measured.

V) Statistical analysis
Data was subjected to analysis of variance using SPSS (version 16.0). The difference
among data was determined by Tuckey’s test. Data with P value more than 0.05 are



160 Bhatnagar and Budhalia, 2022

considered as non-significant, while those lesser than 0.05 are considered as of significant
value. Data are expressed as Mean + SEM.

RESULTS

The present study evaluated different epidermal mucus parameters and compared
between the studied carp species, including L. rohita, C. catla and C. mrigala. Among
these freshwater fish species, there was a significant difference in the levels of
biochemical components. Mucus was secreted in varying volumes in the carp species
studied, and the appearance of the mucus differed from species to species. C. catla
secretes large amount of mucus with higher viscosity; whereas, the mucus of L. rohita
and C. mrigala was quite clear though found in low quantity. The epidermal mucus
showed the presence of different biochemical parameters, such as protein, carbohydrate
and lipid.

Protein recorded the highest concentration among all biochemical parameters with
a range from 0.69 mg ml? to 1.01 mg mlt. The analysis of skin mucus protein level
(Table 1) depicted that the high protein was found in C. catla (1.01 +0.00091 mg mlI?),
followed by L. rohita and C. mrigala (0.97 +0.00061 mg ml* & 0.69+0.00167 mg ml~,
respectively). While, the carbohydrate level was high in C. mrigala, with a value of
0.1331 + 0.00024 mg ml*, compared to L. rohita and C. catla (0.0971 + 0.00184 mg mlI*
and 0.0776 + 0.00281mg ml, respectively).

Compared to the other carps under study, C. catla secreted the highest amount of
mucus, and the amount of lipid was also high, with a value of 0.4607 + 0.00318 mg ml*%,
compared to L. rohita (0.2140 + 0.00289 mg ml*?) and C. mrigala (0.1587 + 0.00203 mg
ml?). The acid value of fat of C. mrigala (0.367 + 0.003 mg ml™?) was higher than that
recorded in L. rohita and C. catla, and values were statistically significant (P< 0.05).

Table 1. Biochemical components of fish skin mucus

Protein Carbohydrate Lipid(mg mI?) Acid value of
(mg ml?) (mg ml?) Fat(mg ml?)
C. catla 1.01 £0.00091* | 0.0776 +0.00281¢ | 0.4607 +|0.267 +0.03*
0.00318%
L. rohita 0.97+0.00061% | 0.0971 + 0.00184% | 0.2140 + 0.00289® | 0.267 + 0.03*
C. mrigala | 0.69+0.00167°¢ 0.1331 +0.00024* | 0.1587 +0.00203° | 0.367 + 0.03"

All values are Meanz S.E of mean.
Means with different letters in the same column are significantly (P< 0.05) different.

(Tuckey’s test)
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Mucus lysozyme is a significant factor of mucosal immunity. The range of

lysozyme varied from 2.26 ug ml to 3.56 pg ml? in the epidermal mucus samples. C.
mrigala showed the highest range (3.56 + 0.098ug mlt), compared to C. catla (3.16pg
ml?) and L. rohita (2.26pg ml™) as shown in Fig. (1a). Myloperoxidase, an agent of
antibacterial activity, was significantly (P< 0.05) higher in C. catla (ODa4s50=1.38 £ 0.013)
than L. rohita (1.02 + 0.045) and C. mrigala (0.462 + 0.038) (Fig. 1b).
Alkaline phosphatase, a significant lysosomal enzyme, is associated with the innate
immune system in fishes; it exsists in the epidermal mucus of fish. Activity of alkaline
phosphatase in skin mucus varied from 34.09 U L™ to 58.04 U L™ and was significantly
different among the three fresh water carp species. The highest was recorded in C.
mrigala (58.04 + 1.60 U L™). Whereas, the lower levels of alkaline phosphate activity
was detected in L. rohita (39.62 + 3.322 U L), followed by C. catla (34.09 + 0.461 U L
Y (Fig.1c).

Protease activity was significantly high in C. catla (1.2680+0.03142U ml?),
followed by C. mrigala (0.9812 +0.01743) and L. rohita (0.9007 = 0.0219) (Fig. 1d).
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Lysozyme (b) Myloperoxidase (c) Alkaline phosphatase (d) Protease.

Bars with different letters on the same graph are significantly different (Tuckey’s Post hoc test)




162 Bhatnagar and Budhalia, 2022

The inhibition effect of crude and aqueous mucus extracts of all experimental fish
species was measured In mm against selected microorganism strain (Aeromonas
hydrophila). The zone of inhibition (ZOI) values of mucus extracts (crude and aqueous)
against this pathogen A. hydrophilla varied between 14.16+ 0.12019mm and 31.40%
0.40415mm.

For A. hydrophila, the crude mucus extract of C. catla exhibited high ZOl (31.40+
0.40415mm), followed by C. mrigala (31.26+0.18559 mm) and L.rohita (30.90+0.12019
mm) (Fig. 2). Like crude mucus, aqueous mucus extract showed the zone of inhibition
with C. catla (14.53+ 0.08819mm), followed by C. mrigala (14.43+ 0.08819mm) and L.
rohita (14.16+ 0.12019mm) (Fig. 3).

(a) (b) | (©)

Fig. 2. Crude mucus extracts from experimental fishes showing a zone of inhibition
against the common pathogenic bacterial strain A. hydrophila; (a) C. catla (b) L.
rohita (c) C. mrigala

(a) (b) (c)

Fig. 3. Aqueous mucus extracts from experimental fishes showing a zone of inhibition
against the common pathogenic bacterial strain A. hydrophila; (a) C. catla (b) L.
rohita (c) C. mrigala

The amount of mucus in aqueous extracts of the experimental test sample was almost
50% of crude mucus extracts (Table 2). Furthermore, the findings reveal that the aqueous
mucus extract has a decreased antibacterial impact, compared to crude mucus extract
against the pathogens examined; in addition, it showed a significantly different
antibacterial effect against bacteria.



Biochemical components of epidermal mucus of the three Indian major carp species 163

Table 2. Zone of inhibition shown by crude and aqueous mucus extract

Crude mucus(mm) Aqueous mucus(mm)
C. catla 31.40+ 0.40415" 14.53+ 0.088194
L. rohita | 30.90+0.12019* 14.16+ 0.120198
C. mrigala | 31.26+0.18559* 14.43+0.08819 /8

Zone of inhibition including well diameter

All values are meant S.E of mean

Means with different letters in the same column are significantly (P< 0.05) different.
(Tuckey’s test)

DISCUSSION

Fish are the most common ectothermic aquatic vertebrates, and they play a vital
role in food webs containing a variety of pathogenic species in aquatic habitats (Ellis,
2001). Fish mucus serves a variety of functions, and the antibacterial capacity of
epidermal mucus against contagious pathogens has been demonstrated in a variety of carp
species, implying that epidermal mucus protects fish from infectious diseases. According
to Subramanian et al. (2008), the mucus-secreting cells of skin have a variable mucus
composition in different fish species. The findings showed that all three major carp
species (C.catla, L.rohita, and C.mrigala) emitted a high amount of mucus, with a
significant difference in the components of epidermal mucus.

The present study examined the protein content of the mucus of three different fish
species. In comparison to L.rohita and C.mrigala, the C.catla had the highest protein
content. Some studies have found that differences in fish mucus protein content is
primarily caused by physiological conditions, such as growth, development,
smoltification, and food shortages. Moreover, Fagan et al. (2003) and Elavarasi et al.
(2013) considered the presence of protein as main constituent among the skin mucus of
Clarius batrachus and Tilapia mossambicus. The protein content of Channa straitus
crude mucus (0.589 mg/ml), aqueous (0.291 mg/ml) and acidic (0.267 mg/ml) was
determined in the study of Wei et al. (2010) and revealed that, protein constitutes a high
potential of antimicrobial source. The protein composition of the cutaneous mucus of
young and fully grown discussed fish, Symphysodon spp., is different (Chong et al.,
2005). Sumi et al. (2004) used gas liquid chromatography to confirm the presence of
carbohydrates in rainbow trout skin mucus. According to Al-Hassan et al. (1987), mucus
is high in proteins and lipids but low in carbohydrates, which supports our findings.
Venkaiah and Lakshmipathi (2000) findings revealed the low range of carbohydrates
than lipids in the epidermal mucus secretions of Aiolopus thalassinus, Ariid cat fish, C.
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batrachus and Heteropneustes fossilis. The current findings coincide with the previous
ones. Additionally, lipids present in mucus secretions include covalently attached fatty
acids that enhance the viscoelasticity of the gel. Ebran et al. (1999) observed that,
presence of lipids and protein molecules in skin mucus are associated with antibacterial
properties. The present result is in line with that of Hussin et al. (2017) who investigated
the epidermal mucus of Clarias gariepinus and Clarias sp.1 and detected a high range of
protein, followed by lipids and carbohydrates, respectively.

The value of lysozyme activity in the cutaneous mucus of the three different carp
species were found significantly different in this investigation. As compared to C. catla
and L. rohita, C. mrigala had a high level of lysozyme activity. Seawater fish species
have larger levels of lysozyme in their epidermal mucus than species present in
freshwater (Ross et al., 2000; Subramanian et al., 2007). Several factors such as diet,
sex, type of species, handling stress and genetic variation could be the reason for the
variation in the activity of lysozyme (Balfry & lwama, 2004).

The present study found that the levels of myloperoxidase varied among the three
major carp species, with C. catla recording the greatest level of myeloperoxidase,
compared to L. rohita and C. mrigala. Stosik et al. (2001) reported that, the enhanced
level of myloperoxidase activity is due to the stimulatory action of microbial and parasite
substances on neutrophilic granulocytes revealed in ill carps. This indicates that
myloperoxidase plays an important part in the removal of pathogenic factors in fish.
Moreover, Dash et al. (2014) observed that, the highest myloperoxidase activity was
present in the mucus of C. catla, indicating that it has a well-developed immune system
capable of dealing with infections. Myloperoxidase is an important enzyme with an
antimicrobial activity.

On the other hand, the alkaline phosphatase activity of the fish species under study
ranged from 34.09 to 58.04 U L*. Similarly, Ross et al. (2000) found an enhancement in
activity of alkaline phosphatase in the Atlantic salmon mucus, contaminated with a
parasite Lepeophtheirus salmonis, and Fast et al. (2002) found a high level of mucus
alkaline phosphatase activity in fish species present in seawater; namely, Oncorhynchus
kisutch, Oncorhynchus mykiss, and Salmo salar. Casein hydrolysis test was employed to
identify the proteases activity in this investigation, and the greatest levels were
discovered in the epidermal mucus of C. catla. Easy and Ross (2010) revealed a shift of
protease activity in S. salar after exposure to a long-term stress. The low level of protease
in this study could be attributed to the diverse age groups, behaviours, and habitats of
fishes. On the other hand, Nigam et al. (2012) reported comparatively strong protease
activity in C. mrigala, compared to C. catla and L. rohita.

The current findings on the antibacterial activity of major carp epidermal mucus
confirmed that it is a source of antimicrobial compounds. In the present study, C. catla
showed the highest zone of inhibition, compared to C. mrigala and L. rohita. Ellis
(2001), Nagashima et al. (2003), Balasubramanian et al. (2012) and Nurtamin et al.



Biochemical components of epidermal mucus of the three Indian major carp species 165

(2016) recorded a high antibacterial activity in the skin mucus of numerous fishes. These
conclusions are supported by the findings of the present analysis. However,
Subramanian et al. (2007) investigated antibacterial compounds in agqueous mucus
extracts sampled from various fish species. Similarly, Dhanraj et al. (2009) investigated
the antibacterial activity of cutaneous mucus and intestinal mucus from five distinct
freshwater fish Channa species and found that each fish species had a different inhibitory
impact against pathogenic strains. The fish pathogenic bacteria A. hydrophila is inhibited
by the mucus of both aqueous and crude extracts of fish C. straitus (Wei et al., 2010).
Ebran et al. (2000) revealed, the raw skin mucus contains hydrophobic constituents
which give a strong pore-forming property (related to antibacterial activity). Kumari et
al. (2019) tested the antibacterial effectiveness of epidermal mucus from three carp
species: Hypophthalmichthys nobilis, Ctenopharyngodon idella, and Cyprinus carpio,
against a number of fish and human harmful bacterial strains. They found that mucus
from the skin of all the carp species had significant antibacterial activity, suggesting that
it may play a role in fish pathogen protection. The antibacterial efficacy of soluble and
insoluble fractions of skin mucus obtained from Arius maculatus against pathogenic
bacteria Escherichia coli and Pseudomonas aueruginosa was also demonstrated by
Manivasagan et al. (2009). Mucus from H. fossilis and C. batrachus had antimicrobial
property against a wide spectrum of fish and human pathogenic bacteria, according to
Bhatnagar et al. (2021); they concluded that epidermal mucus is an important
component of the natural defensive mechanism. This research also confirmed that fish
epidermal mucus is a resource of antibacterial compounds. It was also anticipated in
present study that the antibacterial impact would be weaker in aqueous extracts as
compared to crude mucus. The richness of immunological components of epidermal
mucus demonstrates their importance in the innate immune response, which supports to
fight against pathogens and their living in a pathogen-infested environment. Furthermore,
in order to prevent infectious disease in fish, a better understanding of mucosal immunity
is essential.

CONCLUSION

The findings of this study imply that fish epidermal mucus contains a range of
biochemical components such as protein, carbohydrate, lipid and fat and their values vary
according to different species and genetic variation. The crude and aqueous mucus
extracts of studied fishes demonstrate a significant antibacterial activity against
pathogenic bacteria. The presence of lysozome, myloperoxidase, alkaline phosphatase
and protease confirms the innate immune parameters that protect fish against pathogens.
This study provides an insight for the non invasive method to detect the health status of
fishes that means if the fish is under stressed condition, in order to study the stress effect
there is no need to dissect the fish we can determine it only by analyzing the epidermal
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mucus. Further studies on fish epidermal mucus is needed to increase the understanding
of mucosal innate immune components may be beneficial to fish farming, aquaculture,
and possibly human health.

REFERENCES

Al-Hassan, J. M.; Thomson, M.; Summers, B. and Criddle, R. S. (1987). Protein
composition of the threat induced epidermal secretion from the Arabian Gulf catfish,
Arius thalassinus (Ruppell). Comp. Biochem. Physiol. B, Comp. Biochem, 88(3): 813-
822. https://doi.org/10.1016/0305-0491(87)90249-5

APHA (2017) Standard methods for the examination of water and wastewater, 23" edn
American Public Health Association/American Water Works Association/Water
Environment Federation, Washington

Aranishi, F.; Mano, N. and Hirose, H. (1998). Fluorescence localization of epidermal
cathepsins L and B in the Japanese eel. Fish Physiol. Biochem., 19(3): 205-209.
Balasubramanian, S.; Prakash, M.; Senthilraja, P. and Gunasekaran, G. (2012).
Antimicrobial properties of skin mucus from four freshwater cultivable fishes (Catla
catla, Hypophthalmichthys molitrix, Labeo rohita and Ctenopharyngodon idella). Afr. J.
of Microbiol. Res., 6(24): 5110-5120. https://doi.org/10.5897/AJMR11.532

Balfry, S. K. and Iwama, G. K. (2004). Observations on the inherent variability of
measuring lysozyme activity in coho salmon (Oncorhynchus kisutch). Comp. Biochem.
Physiol. Part B: Biochemistry and Molecular Biology, 138(3): 207-211. https://doi.org/
10.1016/j.cbpc.2003.12.010

Bergsson, G.; Agerberth, B.; Jornvall, H. and Gudmundsson, G. H. (2005). Isolation
and identification of antimicrobial components from the epidermal mucus of Atlantic cod
(Gadus morhua). FEBS j., 272(19): 4960-4969.https://doi.org/10.1111/j.1742-4658.2005.
04906.x

Bhatnagar, A. and Devi, P. (2013). Water quality guidelines for the management of
pond fish culture. Int. j. environmen. Sci., 3(6): 1980-2009.

Bhatnagar, A. and Rathi, P. (2021). Fish Skin Mucus as Putative Bio-resource for the
Development of Next-Generation Antibiotics. Egypt. J. Aquat. Biol. Fish., 25(5): 1063-
1091. https://dx.doi.org/10.21608/ejabf.2021.209279

Bhatnagar, A.; Kumari, S. and Tyor, A. K. (2021). Assessment of bactericidal role of
epidermal mucus of Heteropneustes fossilis and Clarias batrachus (Asian cat fishes)
against pathogenic microbial strains. Aquacul.
Fish.https://doi.org/10.1016/j.aaf.2021.08.010

Chong, K.; Ying, T. S.; Foo, J.; Jin, L. T. and Chong, A. (2005). Characterisation of
proteins in epidermal mucus of discus fish (Symphysodon spp.) during parental phase.
Aquac, 249(1-4): 469-476.https://doi.org/10.1016/j.aquaculture.2005.02.045



https://doi.org/10.1016/0305-0491(87)90249-5
https://doi.org/10.5897/AJMR11.532
https://doi.org/%2010.1016/j.cbpc.2003.12.010
https://doi.org/%2010.1016/j.cbpc.2003.12.010
https://doi.org/10.1111/j.1742-4658.2005.%2004906.x
https://doi.org/10.1111/j.1742-4658.2005.%2004906.x
https://dx.doi.org/10.21608/ejabf.2021.209279
https://doi.org/10.1016/j.aaf.2021.08.010
https://doi.org/10.1016/j.aquaculture.2005.02.045

Biochemical components of epidermal mucus of the three Indian major carp species 167

Dash, S.; Samal, J. and Thatoi, H. (2014). A comparative study on innate immunity
parameters in the epidermal mucus of Indian major carps. Aquac. Int., 22(2): 411-421.
DOI 10.1007/s10499-013-9649-2

Dhanaraj, M.; Haniffa, M. A.; SV, A. S. and Manikandaraja, D. (2009). Antibacterial
activity of skin and intestinal mucus of five different freshwater fish species viz., Channa
striatus, C. micropeltes, C. marulius, C. punctatus and C. gachua. Malaysian J.
Sci., 28(3): 257-262. https://doi.org/10.22452/mjs.vol28n03.3

Dubois, M.; Gilles, K. A.; Hamilton, J. K.; Rebers, P. T. and Smith, F. (1956).
Colorimetric method for determination of sugars and related substances. Anal.
chem., 28(3): 350-356.

Easy, R. H. and Ross, N. W. (2010). Changes in Atlantic salmon Salmo salar mucus
components following short-and long-term handling stress. J. fish boil., 77(7): 1616-
1631. https://doi.org/10.1111/1.1095-8649.2010.02796.x

Ebran, N.; Julien, S.; Orange, N.; Auperin, B. and Molle, G. (2000). Isolation and
characterization of novel glycoproteins from fish epidermal mucus: correlation between
their pore-forming properties and their antibacterial activities. Biochim. Biophys. Acta.
(BBA)-Biomembr., 1467(2): 271-280. https://doi.org/10.1016/S0005-2736(00)00225-X
Ebran, N.; Julien, S.; Orange, N.; Saglio, P.; Lemaitre, C. and Molle, G. (1999).
Pore-forming properties and antibacterial activity of proteins extracted from epidermal
mucus of fish. Comp. Biochem. Physiol. Part A: Mol. Integr. Physiol., 122(2): 181-189.
https://doi.org/10.1016/S1095-6433(98)10165-4

Elavarasi, K.; Ranjini, S.; Rajagopal, T.; Rameshkumar, G. and Ponmanickam, P.
(2013). Bactericidal proteins of skin mucus and skin extracts from fresh water fishes,
Clarias batrachus and Tilapia mossambicus. Thai. J. Pharm. Sci., 37: 194-200.

Ellis, A. E. (2001). Innate host defense mechanisms of fish against viruses and
bacteria. Dev. ~ Comp.  Immunol., 25(8-9):  827-839.https://doi.org/10.1016/S0145-
305X(01)00038-6

Esteban, M. A. and Cerezuela, R. (2015). Fish mucosal immunity: skin. In Mucosal
health in aquaculture (pp. 67-92). Academic Press. https://doi.org/10.1016/B978-0-12-
417186-2.00004-2

Fagan, M. S.; O'Byrne-Ring, N.; Ryan, R.; Cotter, D.; Whelan, K. and Mac Evilly,
U. (2003). A biochemical study of mucus lysozyme, proteins and plasma thyroxine of
Atlantic salmon (Salmo salar) during smoltification. Aquacul., 222(1-4): 287-300.
https://doi.org/10.1016/S0044-8486(98)00320-2

Fast, M. D.; Sims, D. E.; Burka, J. F.; Mustafa, A. and Ross, N. W. (2002). Skin
morphology and humoral non-specific defence parameters of mucus and plasma in
rainbow trout, coho and Atlantic salmon. Comp. Bioch. Physiol. Part A: Mole. Integr.
Physiol., 132(3): 645-657. https://doi.org/10.1016/S1095-6433(02)00109-5

Folch, J.; Lees, M. and Sloane Stanley, G. H. (1957). A simple method for the isolation
and purification of total lipids from animal tissues. J. bio. Chem., 226(1): 497-5009.



https://doi.org/10.22452/mjs.vol28no3.3
https://doi.org/10.1111/j.1095-8649.2010.02796.x
https://doi.org/10.1016/S0005-2736(00)00225-X
https://doi.org/10.1016/S1095-6433(98)10165-4
https://doi.org/10.1016/S0145-305X(01)00038-6
https://doi.org/10.1016/S0145-305X(01)00038-6
https://doi.org/10.1016/B978-0-12-417186-2.00004-2
https://doi.org/10.1016/B978-0-12-417186-2.00004-2
https://doi.org/10.1016/S0044-8486(98)00320-2
https://doi.org/10.1016/S1095-6433(02)00109-5

168 Bhatnagar and Budhalia, 2022

Griffin, B. R. and Mitchell, A. J. (2007). Susceptibility of channel catfish, Ictalurus
punctatus (Rafinesque), to Edwardsiella ictaluri challenge following copper sulphate
exposure. J. Fish Dis., 30(10): 581-585. https://doi.org/10.1111/j.1365-2761.2007.00838. x
Hellio, C.; Pons, A. M.; Beaupoil, C.; Bourgougnon, N. and Le Gal, Y. (2002).
Antibacterial, antifungal and cytotoxic activities of extracts from fish epidermis and
epidermal mucus. Int. J. Antimicrob. Agents, 20(3): 214-219.https://doi.org/10.1016/
S0924-8579(02)00172-3 https://doi.org/10.1007/BF02531127

Hussin, N. M.; Shaarani, S. M.; Sulaiman, M. R.; Ahmad, A. H. and Vairappan, C.
S. (2017). Chemical composition and antioxidant activities of catfish epidermal mucus. J.
Adv. Agric. Technol., 4(1). http://dx.doi.org/10.18178/joaat.4.1.73-77

Iger, Y. and Abraham, M. (1990). The process of skin healing in experimentally
wounded  carp.J.  Fish  Biol, 36(3):  421-437.https://doi.org/10.1111/j.1095-
8649.1990.th05622.x

Kimbrell, D. A. and Beutler, B. (2001). The evolution and genetics of innate
immunity. Nat. Rev. Genet., 2(4): 256-267. https://doi.org/10.1038/35066006

Kumari, S.; Tyor, A. K. and Bhatnagar, A. (2019). Evaluation of the antibacterial
activity of skin mucus of three carp species. Int. Aquat. Res., 11(3): 225-239.
https://doi.org/10.1007/s40071-019-0231-z

Lemaitre, C.; Orange, N.; Saglio, P.; Saint, N.; Gagnon, J. and Molle, G. (1996).
Characterization and ion channel activities of novel antibacterial proteins from the skin
mucosa of carp (Cyprinus carpio). Eur. J. Biochem., 240(1): 143-149.

Lewis, R. W. (1970). Fish cutaneous mucus: a new source of skin surface
lipid. Lipids, 5(11): 947-949.

Lowry, O. H.; Rosenbrough, N. J.; Farr, A. L. and Randall, R. J. (1951). Protein
measurement with the folin phenol reagent. J. Bio. Chem., 193: 265 — 275.
Manivasagan, P.; Annamalai, N.; Ashokkumar, S. and Sampathkumar, P. (2009).
Studies on the proteinaceous gel secretion from the skin of the catfish, Arius maculatus
(Thunberg, 1792). Afr. J. Biotechnol., 8(24).

Nagashima, Y.; Kikuchi, N.; Shimakura, K. and Shiomi, K. (2003). Purification and
characterization of an antibacterial protein in the skin secretion of rockfish Sebastes
schlegeli. Comp. Bioch. Physiol. Part C: Toxicol. Pharmacol., 136(1): 63-71.
https://doi.org/10.1016/S1532-0456(03)00174-1

National Committee for Clinical Laboratory Standards (1993). Performance Standards for
Antimicrobial Disc Suspectibility Tests. Approved Standard NCCLS Publication M2-Ab5,
Villanova, PA, USA

Nigam, A. K.; Kumari, U.; Mittal, S. and Mittal, A. K. (2012). Comparative analysis
of innate immune parameters of the skin mucous secretions from certain freshwater
teleosts, inhabiting different ecological niches. Fish physiol. Biochem., 38(5): 1245-1256.
https://doi.org/10.1007/s10695-012-9613-5



https://doi.org/10.1111/j.1365-2761.2007.00838.%20x
https://doi.org/10.1016/%20S0924-8579(02)00172-3
https://doi.org/10.1016/%20S0924-8579(02)00172-3
https://doi.org/10.1007/BF02531127
http://dx.doi.org/10.18178/joaat.4.1.73-77
https://doi.org/10.1111/j.1095-8649.1990.tb05622.x
https://doi.org/10.1111/j.1095-8649.1990.tb05622.x
https://doi.org/10.1038/35066006
https://doi.org/10.1007/s40071-019-0231-z
https://doi.org/10.1016/S1532-0456(03)00174-1
https://doi.org/10.1007/s10695-012-9613-5

Biochemical components of epidermal mucus of the three Indian major carp species 169

Nurtamin, T.; Nurman, R. Y. and Hafizah, 1. (2016). Antibacterial activity of eel
(Anguilla spp.) mucus against Salmonella typhi. Indones. Biomed. J., 8(3): 179-82.
https://doi.org/10.18585/inabj.v8i3.231

Ogawa, T.; Shirai, T.; Shionyu-Mitsuyama, C.; Yamane, T.; Kamiya, H. and
Muramoto, K. (2002). The speciation of conger eel galectins by rapid adaptive
evolution. Glycoconj. J., 19(7): 451-458.https://doi.org/10.1023/B:GLYC. 0000014074.
38755.1d

Ourth, D. D. and Chung, K. T. (2004). Purification of antimicrobial factor from
granules of channel catfish peripheral blood leucocytes. Biochem. and Biophys. Res.
Commun., 313(1): 28-36. https://doi.org/10.1016/j.bbrc.2003.11.093

Palaksha, K. J.; Shin, G. W.; Kim, Y. R. and Jung, T. S. (2008). Evaluation of non-
specific immune components from the skin mucus of olive flounder (Paralichthys
olivaceus). Fish shellfish immunol., 24(4): 479-488.

Pérez, C.; Agnese, A. M. and Cabrera, J. L. (1999). The essential oil of Senecio
graveolens (Compositae): chemical composition and antimicrobial activity tests. J.
ethnopharmacol., 66(1): 91-96.https://doi.org/10.1016/S0378-8741(98)00204-9

Quade, M. J. and Roth, J. A. (1997). A rapid, direct assay to measure degranulation of
bovine neutrophil primary granules. Vet. Immunol. immunopathol., 58(3-4):239-248.
https://doi.org/10.1016/S0165-2427(97)00048-2

Raparia, S. and Bhatnagar, A. (2016). Effect of dietary protein source and probiotic
inclusion on pattern of excretion of ammonia and orthophosphate in holding water in
Catla catla culture system. Int. J Fish. Aquat., 4(1): 1-7.

Rosalki, S. B.; Foo, A. Y. and Dooley, J. S. (1993). Benign familial
hyperphosphatasaemia as a cause of unexplained increase in plasma alkaline phosphatase
activity. J. clin. Pathol., 46(8): 738-741. http://dx.doi.org/10.1136/jcp.46.8.738

Ross, N. W.; Firth, K. J.; Wang, A.; Burka, J. F. and Johnson, S. C. (2000). Changes
in hydrolytic enzyme activities of naive Atlantic salmon Salmo salar skin mucus due to
infection with the salmon louse Lepeophtheirus salmonis and cortisol implantation. Dis.
aquat. org, 41(1): 43-51.doi:10.3354/dao041043

Sakai, D. K. (1985). Loss of virulence in a protease-deficient mutant of Aeromonas
salmonicida. Infect. Immun., 48(1): 146-152. https://doi.org/10.1128/iai.48.1.146-
152.1985

Sankaran, K. and Gurnani, S. H. A. N. T. O. O. (1972). On the variation in the
catalytic activity of lysozyme in fishes. Indian j. biochem. Biophys., 9(2): 162-165.
Smith, P. E.; Krohn, R. I.; Hermanson, G. T.; Mallia, A. K.; Gartner, F. H.;
Provenzano, M. and Klenk, D. C. (1985). Measurement of protein using bicinchoninic
acid. Anal. Biochem., 150(1): 76-85.https://doi.org/10.1016/0003-2697(85)90442-7
Stosik, M. P.; Tokarz-Deptula, B. and Deptuta, W. (2018). Specific humoral immunity
in Osteichthyes. Centr-Eur. J. Immunol., 43(3): 335. https://dx.doi.org/10.5114%2Fceji.
2018.80054



https://doi.org/10.18585/inabj.v8i3.231
https://doi.org/10.1023/B:GLYC.%200000014074.%2038755.1d
https://doi.org/10.1023/B:GLYC.%200000014074.%2038755.1d
https://doi.org/10.1016/j.bbrc.2003.11.093
https://doi.org/10.1016/S0378-8741(98)00204-9
https://doi.org/10.1016/S0165-2427(97)00048-2
http://dx.doi.org/10.1136/jcp.46.8.738
https://doi.org/10.1128/iai.48.1.146-152.1985
https://doi.org/10.1128/iai.48.1.146-152.1985
https://doi.org/10.1016/0003-2697(85)90442-7
https://dx.doi.org/10.5114%2Fceji.%202018.80054
https://dx.doi.org/10.5114%2Fceji.%202018.80054

170 Bhatnagar and Budhalia, 2022

Subramanian, S.; MacKinnon, S. L. and Ross, N. W. (2007). A comparative study on
innate immune parameters in the epidermal mucus of various fish species. Comp.
Biochem. Physiol. Part B: Biochem. Mol. Bio., 148(3): 256-263. https://doi.org/
10.1016/j.cbpb.2007.06.003

Subramanian, S.; Ross, N. W. and MacKinnon, S. L. (2008). Comparison of
antimicrobial activity in the epidermal mucus extracts of fish. Comp. Biochem. Physiol.
Part B: Biochem. Mol. Bio., 150(1): 85-92.https://doi.org/10.1016/j.cbpb.2008.01.011
Sumi, T.; Hama, Y.; Nakagawa, H.; Maruyama, D. and Asakawa, M. (2004).
Purification and further characterization of a glycoprotein from the skin mucus of
Japanese eels. J. fish bio., 64(1): 100-115. https://doi.org/10.1111/].1095-8649.2004.
00286.x

Timalata, K.; Marimuthu, K.; Vengkades Rao, R.; Xavier, R.; Rahman, M.A;;
Sreeramanan, S.; Arasu, M.V.; Al-Dhabi, N.A. and Arockiaraj, J. (2015) Elucidation
of innate immune components in the epidermal mucus of different freshwater fish
species. Acta Ichthyol Piscat,15. https://doi.org/10.3750/A1P2015.45.3.01

Venkaiah, Y. and Lakshmipathi, V. (2000). Biochemical composition of epidermal
secretions and poisonous spine of two freshwater catfishes. Asian. Fish. Sci., 13(2): 183-
189.

Watts, M.; Munday, B. L. and Burke, C. M. (2001). Immune responses of teleost
fish. Aust. Vet. J., 79(8): 570-574.https://doi.org/10.1111/j.1751-0813.2001.th10753.x
Wei, O. Y.; Xavier, R. and Marimuthu, K. (2010). Screening of antibacterial activity
of mucus extract of snakehead fish, Channa striatus (Bloch). Eur. Rev. med. Pharmacol.
Sci., 14(8): 675-681.

Whang, I.; Lee, Y.; Lee, S.; Oh, M. J.; Jung, S. J.; Choi, C. Y.; Lee, W.S.; Kim, S.J
and Lee, J. (2011). Characterization and expression analysis of a goose-type lysozyme
from the rock bream Oplegnathus fasciatus, and antimicrobial activity of its recombinant
protein. Fish shellfish immunol, 30(2): 532-542. https://doi.org/10.1016/j.fsi.2010.11.025
Zaharah, 1.; Abu, B.B. and Adibah, Y. Practicals in cellular Biochemistry and
metabolism Semester 11 Session 2005/2006. Department of Biology, Faculty of Science,
University Technology of Malaysia



https://doi.org/%2010.1016/j.cbpb.2007.06.003
https://doi.org/%2010.1016/j.cbpb.2007.06.003
https://doi.org/10.1016/j.cbpb.2008.01.011
https://doi.org/10.1111/j.1095-8649.2004.%2000286.x
https://doi.org/10.1111/j.1095-8649.2004.%2000286.x
https://doi.org/10.3750/AIP2015.45.3.01
https://doi.org/10.1111/j.1751-0813.2001.tb10753.x
https://doi.org/10.1016/j.fsi.2010.11.025

	www.ejabf.journals.ekb.eg

