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Abstract Immunological and biochemical properties of
skin mucus of different fish species may have mutual
beneficial effects on health management when the fishes
are farmed together in same system. Present experiment
was conducted to investigate and compare the immuno-
logical and biochemical properties of epidermal mucus of
three brackishwater fishes, namely Lates calcarifer, Cha-
nos chanos and Mugil cephalus. Mucus was collected from
the dorso-lateral surface of six individual fish of each
species and used for analysis of immunological properties
and biochemical composition. Innate immune parameters
such as lysozyme, haemolytic, phagocytic activities and
lectin were significantly (p < 0.05) more prominent in the
mucus of C. chanos followed by that of L. calcarifer and
M. cephalus. Similarly, mucus of C. chanos exhibited
maximum protease, alkaline phosphatase, and antibacterial
activities. UV spectral analysis showed the presence of
toluene, isoquinoline, 2-furaldehyde, octadecenoic acid,
biphenyl, thymidine, and cinnamic acid in the mucus of L.

Significance statement Finding of the study showed that the
mucosal immunity of C. chanos is relatively stronger than that of L.
calcarifer and M. cephalus, which will help in developing health
management strategies in polyculture of milkfish with other fish or
shrimp.
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calcarifer, whereas these were absent in other two species.
Fourier transform-infrared spectrum analysis revealed that
isothiocyanate, aldehyde and alkene were common func-
tional groups in the mucus of all three fishes. The results
indicated that mucus of C. chanos has stronger innate
immune properties as compared to that of other two fishes
and therefore, polyculture of this fish with other fish or
shrimp species may have beneficial effects for disease
prevention.
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Introduction

The mucus on skin of fish is secreted by epidermal goblet
cells and composed of water and glycoproteins, which have
a wide range of functions in disease resistance, respiration,
osmotic regulation, reproduction, excretion, communica-
tion, feeding and nest building [1]. Epidermal mucus of
fishes such as Pollachius virens, Labrus berglta, Pla-
tichthys flesus, Solea solea and Scophthalmus rhombus [2],
Cynoglossus arel and Arius caelatus [3] has antibacterial,
antifungal, and cytotoxic activities. Mucosal immunity
which is a part of innate immune system in fish acts as a
barrier against pathogen adherence through its continuous
production and sloughing off. Moreover, mucus also con-
tains several immune factors such as lysozyme,
immunoglobulins, complement proteins, lectins, C-reactive
protein, proteolytic enzymes and various antibacterial
proteins and peptides [4]. Lysozyme, also referred to as N-
acetylmuramide glycanohydrolase or muramidase, is a
well-studied bacteriolytic enzyme identified in mucus of
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fish [5]. Alkaline phosphatase is a potential stress indicator
enzyme present in epidermal mucus of fish [6]. It has a
protective role in the initial stage of wound healing in carp
(Cyprinus carpio) as an antibacterial agent because of its
hydrolytic activity [7]. In brackishwater polyculture,
shrimps with other fish species such as milkfish, Chanos
[8], red tilapia [9], milkfish, Mugil cephalus [10] and
mullet [11] are used. Polyculture is also practiced involving
seabass with tilapia [12]. This culture system creates a
conducive environment in earthen pond as fish can scav-
enge algae, excreta of shrimp, and uneaten feed and
thereby, improve water quality and reduce the chance of
disease outbreaks [13]. Moreover, occurrences of diseases
in polyculture may be reduced due to mutual health ben-
efits shared by the cultured species resulted from their
mucosal immunity. Several studies have been conducted on
beneficial effects of co-culturing fish with shrimp in ponds
[14-16]; however, the scientific reason behind these ben-
eficial effects has not been elucidated with factual infor-
mation. There are limited reports on comparative
immunological and biochemical properties of mucus of
brackishwater fishes commonly used in polyculture. In this
context, the present experiment was carried out to inves-
tigate and compare specific activities of enzymes (lyso-
zyme, alkaline phosphatase, and proteases), important
innate immune components, ionic composition and chem-
ical constituents of the epidermal mucus of three com-
mercially important brackishwater fishes, namely Asian
seabass, Lates calcarifer, milkfish, C. chanos and grey
mullet, M. cephalus.

Material and Methods
Experimental Fish

Healthy live 2-year old adult specimens of L. calcarifer, C.
chanos and M. cephalus with mean weight of 1.60 + 0.11,
1.50 £ 0.10 and 1.00 £ 0.12 kg, respectively were col-
lected from the Fish Hatchery of ICAR-Central Institute of
Brackishwater Aquaculture, Chennai, India. Physico-
chemical parameters such as salinity, pH, dissolve oxygen,
temperature and ammonia—nitrogen in water of fish holding
tank were 25 ppt, 8.4, 5.8 ppm, 28 °C and 0.05 ppm,
respectively.

Mucus Collection

A total of 18 fishes (six from each species; n = 6) were
used for mucus collection. Mucus samples were collected
following the method described by Schultz et al. [17]. In
brief, the mucus was swabbed off from the dorso-lateral
surface of fish using polyester sponge and then it was
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driven into a sterile test tube using a syringe. Then the
collected mucus was centrifuged at 15,000 rpm for 15 min,
and supernatant was collected and lyophilized. The lyo-
philized mucus sample was stored at — 4 °C for further
analysis. The lyophilized mucus samples were re-sus-
pended in phosphate buffer saline (PBS; pH 7.4) at 1 mg/
mL to obtain aqueous extract.

Biochemical Composition
Proximate Composition

Protein, carbohydrate and lipid contents of mucus samples
were estimated following the methods described by Lowry
method, Dubois method and Folch method, respectively.

lonic Composition (Na', ca’t, K")

The concentration of ions such as Nat, Ca’" and K* in
mucus samples was estimated using Inductively Coupled
Plasma Optical Emission Spectroscopy (Perkin Elmer
Optima 5300 DV ICP-OES).

Fourier Transform-Infrared Spectrum Analysis (FT-IR)

FT-IR spectroscopy of lyophilized mucus samples was
performed using Thermo Nicolet, Avatar 370 (Instrumen-
tation laboratories, Anna University, Chennai, India). The
mucus sample (10 mg) was mixed with 100 mg of dried
potassium bromide (KBr) and compressed into a pellet for

reading the spectrum in the range of 4000-400 cm ™.

UV Spectral Analysis

The UV absorbance curve of mucus samples was deter-
mined by Shimadzu UV-1800 spectrophotometer (Japan)
and recorded by scanning the wave length between 200 and
1000 nm. Maximum absorbance and peak reading were
plotted using Graph pad PRISM 5.0 software.

Immunological Parameters
Haemolytic Activity

Haemolytic activity of mucus samples was assessed in the
blood of chicken, sheep and human as described by
Loganathan et al. [18]. The presence of uniform red colour
suspension in the wells indicates haemolysis, whereas
button formation at the bottom of the well reveals absence
of haemolysis. The reciprocal of the highest dilution of
mucus showing haemolysis was considered as one hae-
molytic unit which was divided by protein content of blood
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samples to get the specific haemolytic unit. Protein content
in blood samples was estimated by Lowry method.

Antibacterial Activity

Antibacterial activity of mucus extract was determined
against a bacterial fish pathogen, Vibrio parahaemolyticus
using the standard well diffusion method of Bauer et al.
[19].

Phagocytosis Assay

Peripheral blood mononuclear cells (PBMC), containing
monocytes, macrophages and neutophls were prepared in
histopaque solution (Sigma, India). Ammonium chloride
potassium (ACK) lysis buffer (ammonium chloride,
8024 mg/L; potassium bicarbonate, 1001 mg/L. and
EDTA.Na.H,O, 3.722 mg/L) was used to lyse the ery-
throcytes. Bacillus subtilis bacterial suspension was pre-
pared in Hank’s balanced salt solution (HBSS) and blood
serum of human (in the ratio of 4:1). Final cell suspension
at the concentration 1 x 10® cells/mL was used for the
assay. The phagocytic cells were covered with B. subtilis
suspension on sterile glass slide at 37 °C for 15 min. The
mucus sample was added to the suspension and incubated
at 37 °C for 1 h, for phagocytosis. The smear was air dried,
thereafter, fixed with methanol and stained with Giemsa.
The phagocytosed cells were observed under light micro-
scope and their number was counted. This number was
taken as the phagocytic index (PI) and was compared with
that of the test samples. Immunostimulation (%) was cal-
culated using the following equation.

Immunostimulation (%) = {PI (test)— PI (control)}
x 100/PI

Lectin Activity

Lectin activity in mucus was determined through the
agglutination of red blood cells as described by Bing et al.
[20]. A uniform distribution or clumping of red blood cells
in wells was considered as positive haemagglutination and
a button formation at the bottom of wells was considered as
negative. The haemagglutination titre of lectin expressed as
the reciprocal of the highest dilution exhibiting visible
agglutination of erythrocytes was reckoned as one
haemagglutination unit. Specific activity is the number of
haemagglutination units per milligram (mg) protein.

Lysozyme Activity

Lysozyme activity of mucus was determined using the
turbidometric method as described by Ross et al. [6] with a

slight modification. One unit of activity was defined as the
amount of enzyme that catalyzed a decrease in absorbance
at 450 nm (1 unit of lysozyme activity = A 0.001 point
decrease in OD value at 450 nm).

Protease Activity

Protease activity in mucus sample was determined through
the casein hydrolysis assay as described by Carrie [21].

Alkaline Phosphatase Activity

Alkaline phosphatase activity of mucus was determined
following the p-nitrophenol phosphate assay as described
by Ross et al. [6]. It catalyzes hydrolysis of p-nitrophenol
phosphate (pNPP) to p-nitrophenol. The pNPP is colour-
less, but p-nitrophenol has absorbance at 405 nm.

Ultrastructure and Elemental Composition of Scale
Scanning Electron Microscope (SEM)

Dried and cleaned scales were mounted on aluminium
stubs with the help of a double adhesive tape, keeping the
dorsal surface upward and ventral surface sticking to the
tape, and then sputter coated with gold in gold coating unit
(100 A thicknesses). Then these scales were studied under
scanning electron microscope (SEM) (JEOL JSM-6610LV,
Instrumentation laboratories, Anna University, Chennai,
India) at an accelerating current of 15/20 kV at low probe
current.

Energy Dispersive X-Ray Micro-analysis (EDX)

Elemental compositions of scales were determined by
energy dispersive X-ray microanalysis (EDX) by adjusting
the scanner of INCAx—act analyzer (Instrumentation lab-
oratories, Anna University, Chennai, India) on the area of
interest of the scale. This scanner was attached to JEOL
JSM-6610LV Scanning electron microscope.

Statistical Analysis

Mean values of all the tested variables were subjected to
one way analysis of variance (ANOVA) and post hoc test
followed by Duncan’s multiple range tests to determine
any difference among them. Comparisons were made at 5%
probability level. All the statistical analyses were per-
formed using SPSS for Windows v.17.0 programme (SPSS
Inc., Chicago, IL, USA).
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Results and Discussion
Biochemical Composition of Mucus
Proximate and Ionic Composition

Mucus of all three species showed a significant variation in
nutrient and ionic composition (Table 1). Mucus of fish is
comprised of salts, free proteins, glycoproteins, lipids and
water [1]. In the present study, it was observed that the
mucus of milkfish had significantly (p < 0.05) higher lipid
content and antimicrobial activity than that of other two
species that indicate the role of mucosal lipid in innate
immune system, which is similar to the report of Wel et al.
[22].

Functional Groups and Organic Compounds

FT-IR spectrum of the mucus of all three species, seabass,
milkfish and grey mullet revealed the characteristic

functional groups that are depicted in Figs. 1, 2 and 3,
respectively. L. calcarifer mucus contains aromatic pri-
mary amines N—H stretch in 3433 cm ™', isothiocyanate R—
N=C=S, aldehyde R—CHO stretch in 2059 cmfl, alkenes
C=C stretch in 1635 cm™" and alkyl halide C-Br stretch in
534 cm~!'. Milkfish mucus sample has aromatic primary
amines N-H stretch in 3453 cm™!, isothiocyanate R-—
N=C=S, aldehyde R—CHO in 2057 cm_l, alkenes C=C in
1636 cm™" and alkyl halide C-Cl stretch in 553 cm™".
Grey mullet mucus sample contains alcohol and phenol O—
H in 3395 cm™', isothiocyanate R-N=C=S, aldehyde R—
CHO in 2058 cm™' and alkenes C=C in 1636 cm™'.
Infrared spectrum analysis showed that the isothiocynate
(R-N=C=S), aldehyde (R—-CHO) and alkene (C=C) were
common functional groups in the mucus of all three spe-
cies, whereas, aromatic primary amines (N-H) and alkyl
halide were present in mucus of milkfish and Asian sea-
bass, but absent in grey mullet. UV-Vis spectral analysis
from 200 to 1000 nm indicates that the majority of the
peaks were in between 200 and 400 nm. UV-Vis spectral

Table 1 Proximate, ionic (Ca™, Na~ and K™) composition and immunological parameters of epidermal mucus of brackishwater fish, Lates

calcarifer, Chanos chanos and Mugil cephalus

Parameters L. calcarifer C. chanos M. cephalus
Proximate composition (mg/mL)

Protein 1.83* £+ 0.01 1.47° + 0.01 1.05° £ 0.01

Carbohydrate 0.86° £ 0.01 1.20* £ 0.01 0.93° + 0.01

Lipid 24.07° £ 1.63 33.80" £+ 1.40 8.73° £ 0.83
Ionic composition (mg/mL)

Ca™? 0.36* £ 0.01 0.23" £ 0.01 0.36* £ 0.01

Na™ 858.20° + 0.12 557° + 0.29 868.50" + 0.17

Kt 0.33° + 0.01 0.21° £ 0.01 0.35" £ 0.01
Specific haemolytic activity

Chicken blood 0.90° + 0.00231 7.24* £ 0.012 0.11° £ 0.0056

Sheep blood 0.45° + 0.0029 3.61* + 0.017 0.22° £ 0.012

Human blood 0.00 0.44* £+ 0.023 0.00
Antibacterial activity (zone of inhibition in mm)

V. Parahaemolyticus 8.33" + 0.33 10.33* + 0.88 5.33° + 2.66
Phagocytosis immunostimulation (%)

PBMC 15.38" £ 3.0 35.90° 4+ 2.5 17.95° + 2.6

Neutrophil 20 £+ 0.01 20 £ 0.01 20 £ 0.01
Lectin specific activity

Chicken blood 0.45° + 0.01 3.62* + 0.01 0.11° £ 0.01

Sheep blood 0.22° + 0.01 0.90* + 0.01 0.00

Human blood 0.00 0.43* £ 0.01 0.00
Enzyme activities

Lysozyme activity (U/mg protein) 83.30° &+ 1.76 168.30" + 0.33 65° 4+ 1.52

Protease activity (U/mg protein) 0.38° £ 0.01 0.90* + 0.09 0.31° £+ 0.03

Alkaline phosphatase (U/mg protein) 2.46° £+ 0.09 5.8+ 0.12 4.28" £+ 0.01

The values are expressed as mean + SE and different superscripts in a row indicate significantly different values (n = 6, p < 0.05)
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Fig. 1 FTIR analysis of seabass, Lates calcarifer epidermal mucus

analysis also showed that the mucus of L. calcarifer con-
tains toluene, isoquinoline, 2-furaldehyde, octadecenoic
acid, biphenyl, thymidine, cinnamic acid and other organic
compounds (Fig. 4). Mucus of milkfish has benzene, bro-
mobenzene, benzaldehyde, acetophenone and uridine,
furaldehyde (Fig. 5). Mucus of grey mullet contains ben-
zene, bromobenzene, acetylthiophene, guanosine, 2-picol-
ine, cytidine, 1-3 butadiene and acetophenone (Fig. 6). In
this study, mucus of all the three fishes exhibited more than
one peak in spectral analysis which is comparable to the
finding of Jill et al. [23]. The absorbance of all the mucus
samples was high in this range, which might be due to the
presence of structural components such as nucleic acid,
proteins and other organic compounds as reported by
Douglas and Hawryshyn [24]. Herbivorous fishes viz. C.
chanos and M. cephalus have few common organic com-
pounds such as benzene, bromobenzene, and acetophenone
that are absent in L. calcarifer.

Innate Immune Components of Mucus
Haemolytic Activity

Significantly higher (p < 0.05) haemolytic activity was
noticed in the epidermal mucus of C. chanos followed by

that of L. calcarifer and M. cephalus in blood of chicken
(7.24 £ 0.012), sheep (3.61 £0.017) and human
(0.44 £ 0.023) (Table 1). This haemolysis would have
caused by proteinous substance and antimicrobial agents
[25] present in the mucus of fishes.

Antibacterial Activity

Although, antimicrobial activity of mucus has been
demonstrated in several fish species, it seems to vary from
one fish species to another and can be specific towards
certain bacteria [26]. In the present study, a significantly
higher antimicrobial activity against V. parahaemolyticus
was caused by mucus of C. chanos, which might be due to
relatively higher activity of mucus enzymes such as lyso-
zyme, alkaline phosphatase and proteases (Table 1).

Phagocytosis Evaluation

Phagocytic stimulation of macrophage and neutrophil to
kill Bacillus subtilis by epidermal mucus is given in
Table 1. The mucus of milkfish showed a higher percent-
age of phagocytosis (35.90 £ 2.5) by macrophage fol-
lowed by grey mullet (17.95 & 2.6) and seabass
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Fig. 2 FTIR analysis of milkfish, Chanis chanos epidermal mucus

(15.38 £ 3.0). However, phagocytic stimulation of neu-
trophil was similar in all the three species.

Lectin Activity

Lectins are elements of the innate immune system and they
exhibit affinity towards carbohydrate moieties, as well as
cell agglutination and/or precipitation of glycoconjugates.
Due to these properties lectin is a potential antimicrobial
factor in the skin mucus [27]. There was a significant dif-
ference (p < 0.05) in lectin activity of brackishwater fish
mucus in blood of chicken, sheep and human (Table 1).
Highest lectin activity by mucus of milkfish in blood of
chicken, sheep and human indicates that mucus of this fish
possesses maximum antimicrobial activity as compared to
other two species.

Enzyme Activities (Lysozyme, Protease, Alkaline
Phosphatase)

Acid and alkaline phosphatases are important lysosomal
enzymes, associated with the innate immune system of
fishes [28]. Mucus proteases may act directly on a pathogen
(they can kill bacteria by cleaving their proteins) or may
prevent pathogen invasion indirectly by modifying mucus
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consistency to increase sloughing off mucus and thereby
removal of pathogens from body surfaces [29]. Proteases
also activate and increase production of other innate
immune components present in fish mucus such as com-
plement, immunoglobulins, or antibacterial peptides [30].
Significantly higher (p < 0.05) lysozyme (168.30 +
0.33 U/mg protein), protease (0.90 £ 0.09 U/mg protein)
and alkaline phosphatase (5.8 = 0.12 U/mg protein)
activities were noticed in the epidermal mucus of C. cha-
nos, followed by that of L. calcarifer and M. cephalus
(Table 1) indicating their probable direct effects on the
innate immune response to pathogenic organisms.

Scanning Electron Microscopy (SEM) of Scale
and SEM-EDX

Scanning electron microscopy of L. calcarifer, C. chanos
and M. cephalus scale is shown in Figs. 7, 8 and 9,
respectively. The scales of Asian seabass and grey mullet
were ctenoid type, whereas scales of C. chanos were
cycloid (circular). Ctenoid scales have a rough texture due
to the presence of teeth called ctenii on outer edge.
Cycloid scales have a smooth texture and are uniform,
with a smooth outer edge or margin. In the present study,
number of ctenii was more in L. calcarifer scale than
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Fig. 4 Showing UV spectral analysis (100-1000 nm) of Lates
calcarifer mucus having majority of the peaks between 200 and
400 nm

those in M. cephalus. Elemental composition of C, O, Na,
P and Ca were 18, 15, 1.8, 22 and 40 wt%, respectively in
L. calcarifer. Elemental composition of C, O, P and Ca
were 2.3, 5, 28, and 62 wt%, respectively in C. chanos.
Sodium was not detected in the scale of C. chanos. Ele-
mental composition of C, O, Na, P and Ca were 15.2,
14.6, 2.8, 27 and 40 wt%, respectively in M. cephalus.
Significantly higher calcium and, lower carbon and oxy-
gen levels were noticed in scale of C. chanos, however
sodium was not detected.

Milkfish
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Fig. 5 Showing UV spectral analysis (100-1000 nm) of Chanos
chanos mucus having majority of the peaks between 200 and 400 nm
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Fig. 6 Showing UV spectral analysis (100-1000 nm) of Mugil

cephalus mucus having majority of the peaks between 200 and
400 nm
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20kV  X1,500 10pm 10 45 SEI

Fig. 7 Scanning electron micrograph of L. calcarifer scale that
indicates ctenoid type scales with many ctenii

20kV X500 50pm 11 50 SEI

Fig. 8 Scanning electron micrograph of Chanos chanos scale that
indicates cycloid type scales without ctenii
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10um

Fig. 9 Scanning electron micrograph of Mugil cephalus scale that
indicates ctenoid type scales with few ctenii
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Conclusion

Innate immune components such as lysozyme, haemolytic,
phagocytic activities and lectin have relatively better
mucosal immune response in C. chanos as compared to that
of L. calcarifer and M. cephalus. C. chanos mucus also
showed significantly higher protease, alkaline phosphatase,
and antibacterial activities than other two species. This
finding will help in developing disease prevention strate-
gies in polyculture involving milkfish and other fish or
shrimp species.
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