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ABSTRACT: Infected fresh water Tilapia Oreochromis niloticus, were brought alive
from Canning fisheries and aquatic resource, Canning, India to parasitology
laboratory, Department of Zoology for pathogenic examination. Macroscopic
production of infection observed and the specimen was isolated and characterized
on the basis of morphological and molecular analysis. The species was identified
as Aspergillus niger. The effect of this pathogenic fungus on host physiology was
observed by monitoring changes in biochemical, histological parameters. Native
polyacrylamide gel electrophoresis have been used to analyze malate
dehydrogenase (MDH), acid phosphatase (Acph) and peroxidase (Px) isoenzymes in
different tissues (liver, kidney, muscle and heart) of the host fish in order to study
the tissue specificity of these isoenzymes. The percentage amount of MDH in
general varied significantly between muscle and different studied tissues.
Peroxidase isoenzyme was recorded in liver and heart only with significant
increase in liver. The cumulative mortalities of the intraperitoneal infection
increased along with the sporangiospore concentrations; the highest mortality

observed was 70% with108 CFU as compared to the control.
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INTRODUCTION

The fishes are susceptible to diseases caused by a large number of infectious
agents including true fungi, fungal-like microorganisms and other protists. In
general, the number of reported fungal and fungal-like pathogens responsible for
diseases in animals is on the increase globally (Fisher et al., 2009,2012; Holdich
et al.,, 2009; 2009; Frick et al.,, 2010; 2010). As such, they are truly emerging
diseases with increasing incidence, geographic range, virulence and some of
these fungal and fungal-like pathogens have recently been found in new hosts or
are newly discovered (Berger et al.,
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1998; Brown 2000; Daszak et al., 2000; Kim and Harvell 2004; Blehert et al.,
2009; Peeler et al., 2010 and Cameron et al., 2011). These pathogens are known
to be opportunistic (Fisher et al.,, 2012). In aquatic ecosystems these fungal
species are presumably infectious through contamination of fish feed. Fungi and
fungal-like pathogen detection in fish hosts is more complicated due to lack of
direct observation of their hosts. This is particularly true in case of freshwater
systems where, some diseases are chronic with no clear external symptoms
(Gozlan et al., 2005; Kocan and Hershberger, 2006 and Andreou et al., 2011).
The mortality rate of incubated eggs, due to such infection may raise upto 100%.
Fish parasitic fungi generally belong to the phylum Eumycota. The subphylum
mastigomycotina, zygomycotina and fungi imperfecti. The commonly
encountered genera of this subphylum which are pathogenenic to fish are
saprolegniasis, aspergilllosis and zygomycosis.

This study focuses on the current knowledge gaps on fungal microbes
causing fish disease, their phathogencity along with the current methods of
detection and a global ecological understanding of their impacts on fish host
populations. During the period of the study pathogenic strain of fungus
belonging to the phylum Ascomycota causing Aspergillosis has been isolated and
identified from the common edible fish Oriochromis niloticus which is the most
important and extensively cultured fish in West Bengal, India. Aspergillomycosis
is principally a disease of tilapia Oreochromis sp. (Olufemi et al., 1983). In this
study investigations have been made to characterize the tissue-and organ-
specific isoenzyme patterns (Fisher and Whitt, 1978; Leslie and Pontier, 1980;
Berg and Buth, 1984; Holt and Leibel, 1987; Basaglia, 1991; Xia, et al 1992)
among which little were concerned with fishes that eventually leaves a scope to
see through the gap more intensely. Moreover, immune-cytotoxicity and cell
pathogen interaction study was also done along with the study of genotoxic
effects on fish DNA, RNA and proteins to understand the extent of damage
caused by the pathogen in. Furthermore, histology-based monitoring by ultra
structures of vital immunological organs to detect tissue damage and evaluation
of blood biochemistry parameters were also performed as this simple approach
can provide essential information on the physiological status of the host.

MATERIAL AND METHODS

Collection of fishes and sampling techniques: Fishes were collected weekly at
regular interval. The infected fishes were identified by appearance of red spots
on their body along with excess mucus secretion, damaged and infected gills
and sluggishness. The diseased fish were brought to the laboratory and kept in
medium aquaria (24x9x9) inches for further clinical examinations along with the
isolation and morpho-taxonomy of the causative pathogen.
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Methods for isolation and culture of fungal strains: Total length (TL) and
body weight (BW) of each specimen fish was measured and health status was
observed. The fish samples were disinfected by dipping the fish in 1%
formaldehyde for 1 to 5 minutes to prevent secondary contamination by airborne
spore. Samples were further transferred to 70% alcohol and finally several
washings were given in sterilized distilled water by rinsing thoroughly. The fungi
were then isolated from the infected fish organs with sterile needle and
inoculated on Potato dextrose agar (PDA) (Hymedia). The process was performed
in Laminar flow air cabinet to avoid any contamination. Further the agar plates
were incubated at 28-30°C and fungal growth was observed after 4-7 days. The
pathogenic colonies were isolated and microscopic analysis was done for the
purpose of identification. The identified strain was maintained, preserved and
stored in pure culture form for further study.

Phenotypic characterization using Light and electron microscopic study: Light
microscopy was performed following the methodology of (Ke et al, 2009, Ghosh
and Bandyo Padhya 2014). Lactophenol cotton blue solution is a mounting
medium and staining agent used in the preparation of slides for microscopic
examination of the pathogen. Fungal elements are stained intensely blue.

SEM and TEM analysis: Scanning electron microscopy was performed
(Afolayan et.al 1995) using ZEISS (CRNN, CU) Scanning Electron Microscope at
accelerating voltages of 10 KV. Transmission electron microscopy was done
following the protocol of AIIMS New Delhi (Electron Microscopy Department)
with slight modifications (Robert et al, 1979)

Preparation of fungal inoculums: Inocula were prepared from the cultured
strain of the isolated fungus on potato dextrose agar (PDA) slants for seven days
at 37-55° C to obtain sufficient sporulation. Viability was determined by plating
10-fold dilutions prepared in 0.68% NaCl with 0.05% Tween 80. Plates were
incubated at 37 °C, and CFU (Colony- forming unit) were counted after 18
hours. The OD of the solution was adjusted to 0.5 at 456nm which
corresponded to 1x107CFU. Finally the spores were harvested by washing the
agar surface with sterile 0.68% NaCl containing 0.05% Tween 80. Filtered
suspensions of spores adjusted to the desired concentration for further set of
experiments (LD50 challenge and infectivity experiment).

Determination of LDso dose: For the LD50 challenge a total of 120 fish was
taken. The fishes were divided into two major groups’ viz. control group (20fish)
that received no dose of fungal suspension and experimental group (100 fish)
that received the fungal doses. The experimental group was divided into five
subgroups to receive the five different doses which were prepared by serial
dilution of the filtered fungal suspension. The five desired doses were of 104
CFU/ml, 105 CFU/ml, 10® CFU/ml, 107 CFU/ml and 10® CFU/ml and were
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given to the fishes by intraperitoneal injection. Each fish received 200ul of each
of the dose mentioned above. Mortality in each group was recorded at every 12
hours daily and dead fishes were removed immediately to prevent
contamination. The cumulative mortality for each dose, time of first death has
also been recorded. All the data were analyzed using the Statistical Package for
Social Sciences (SPSS) software Vs. 16 in a PC-compatible computer and the
confidence level was 95%.

Infectivity Experiment: Infectivity experiment was conducted using healthy
fishes obtained from pond (Diara Fish pond and hatchery
(22°28'31"N 88°09'54"E) near railway stationis a Kolkata Suburban
Railway station on the Sheoraphuli-Tarakeswar branch line of Howrah railway
division of the Eastern Railway zone) with no symptoms of being diseased. The
body weight of the collected fishes ranges from 50-70gm with length ranging
from17-22cm. prior to the experiment the fishes were disinfected with potassium
permanganate (20 mg/ml) and were kept in glass aquaria with aeration, and
water was maintained at a daily exchange rate of 5-10%. Water temperature was
maintained at 22 — 26°C. All fishes were fed with artificial diet meal (ALG-
OXY95) twice a day. The fishes were divided into two groups’ viz. control group
and infected group. Each group contained 10 fishes. The control group received
no fungal suspension but 200 uL of sterile 0.68% NaCl containing 0.05% Tween
80 solution whereas the infected group received 200 uL of the 1/4th of the LDso
(0.685 CFU/ml) of the fungal suspension. The infectivity experiment was
scheduled for 20 days and the fishes were then sacrificed to perform the assays
to find out the pathogenic effect induced by the fungus.

In vivo Pathophysiological study via Light and Transmission electron
microscopic study of tissue: Light microscopy was performed on liver, gills and
muscle tissues. Oragans were aseptically dissected out from both normal and
infected fishes. The tissues were fixed in 10% formaldehyde and then processed
in the series of alcohol gradation For transmission electron microscopy
study,the tissues were further fixed for transmission electron microscopy for
ultrastructural study of the cells of the tissues. The samples were dehydrated
through an acetone or ethanol series, passed through a “transition solvent” such
as propylene oxide and then infiltrated and embedded in a liquid resin such as
epoxy and LR White resin. After embedding the resin block was then thin
sectioned by a process known as ultramicrotomy, sections of 50 - 70 nm
thickness and collected on metal mesh 'grids' and stained with electron dense
stains before observation in the TEM.

Biochemical analysis of blood: Blood samples were collected from caudal
vein by using a sterile plastic syringe (2.5 mL) and immediately transferred into
assay tubes, one containing EDTA (1.26 mg/ 0.6 mL) as an anticoagulant agent
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and the other without EDTA. The samples without anticoagulant were
centrifuged at 2000 r. p. m. (REMI C 24 Model, India) to collect the serum and
stored at 4°C prior to analysis. Biochemical tests were performed for
determination of serum  Glucose, Cholesterol, Albumin, Aspartate
aminotransferase (AST, E.C.2.6.1.1), Alanine aminotransferase (ALT,
E.C.2.6.1.2) and Alkaline phosphatase (ALP, E.C.3.1.2.3.1) and total Protein.
Total protein concentration in serum was analyzed (Dumas et al,
1971).Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) was
also determined along with Alkaline phosphatase( ALP) (Reitman and Frankel
,1957 Kind and King ,1954). Albumin was determined by bromocresol green
method (Gustafsso,1976) . The level of Serum cholesterol and glucose was also
estimated (Tietz et al, 1986, Mendel et al, 1954)

Isoenzymatic study of tissue: (Stegemann et al.,1985). Target organs like
gill, heart, liver, spleen, kidney and muscle and were collected from the fish of
both control and infected group. For sample preparation 100mg of tissue from
each organ (gill, heart, liver, spleen, kidney and muscle) were minced in 500pl
(1:5) of 0.1M Tris-HCI buffer (pH 7.4) and the lysate was centrifuged at 14000
rpm for 40 minutes at 4°C and supernatant was preserved for enzyme analysis.
Antioxidant enzymatic study for LDH, MDH and Peroxidase was performed.
Native PAGE (10% native polyacrylamide gel) was performed for the qualitative
study of the isoenzymes.

DNA, RNA and Protein profiling of tissue Isolation of DNA: 500 mg of tissue
(gill, heart, liver, spleen, kidney and muscle) was taken and minced in lysis
buffer and then DNA was isolated following the Phenol-chloroform method
(Barnett et al., 2012). The final pellet obtained was dried and dissolved in 100ul
of water for the quantification of DNA.

Isolation of RNA: 500mg of fish tissue (gill, heart, liver, spleen, kidney and
muscle) was homogenised on ice by adding Trizol reagent to it and RNA was

isolated following the Trizol method. The final pellet obtained was washed in
75% ethanol and dissolved in RNAase free water and stored at -50°C for further
quantification.

Quantification of DNA and RNA: The quantification of DNA and RNA was
done by UV spectrophotometric analysis (Aquamate, thermo scientific). The
quantity of DNA and RNA was measured by obtaining the absorbance reading at
260 nm and 280 nm respectively.

Isolation of protein; 500 mg fish organs (gill, heart, liver, kidney, muscle and
spleen) were thawed in urea-thiourea buffer (7 M urea, 2 M thiourea, 4%
CHAPS, 45 mM Tris, 60 mM DTT and protease inhibitor- PMSF). Thawed
samples were vortexed and kept at 4°C for 30 min. Mechanically disrupted and
kept on ice. Samples were adjusted to 900 pl of lysis buffer (20 mM Tris, 100
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mM NaCl, 1% Triton and Protease inhibitor - PMSF) and incubated for 15 min at
35°C. Reincubated in ice for 10 min. 100 pl of lysis buffer was added and
incubated for 10 min along with DNAse I. The samples were centrifuged at
12000 rpm for 15 min at 4°C (middle aq phase bears protein). Extended
delipidation was accompanied by tri-n-butylphophate-acetone-methanol
precipitation. Precipitated proteins were estimated subjected to SDS-PAGE.

Characterization of protein: Characterization of protein was done by SDS-
PAGE. 10% ployacrylamide gel was casted and staining was processed using
Coomasie Brilliant Blue. The gel was stained by incubating it overnight in
staining solution bearing the dye followed by destaining. Finally the gel was
photographed and bands were analyzed.

Protein Estimation: Protein concentration was calculated by Lowry’s method
(Lowry, at al., 1951). Absorbance was measured at 750 nm by UV-VIS Elico
spectrophotometer

RESULTS AND DISCUSSION

Identification by morphometric analysis: On Potatao dextrose agar media
with a temperature growth range( 20-27°C to 35-55°C) the surface colonies of
the cultured strain found to consist of a compact white fungal colonies covered
by a dense layer of dark-brown to black conidial heads. (Fig.1).

When studied under light microscopy the appearance of the strain shows the
conidiophores with swollen end of hyphae. From hyphae numerous sterigmata
radiates and ends in a short chains of conidia (Fig 2). Conidia are dark brown to
black in colour, rough-walled, pigmented, one-celled, globose to subglobose
structure having diameter ranges from 3.5-5.0 um; conidial heads are large,
globose, dark brown, radiated. Conidiophores are smooth-walled and become
dark in colour towards the vesicle.

Scanning electron microscopy revealed two types of growth morphology; one
without any support containing medium commonly known as pelleted section
and another with solid support medium commonly called biofilm. Fungal pellets
are a core of densely packed hairy regions containing radially growing hyphae
containing conidia. Conidial heads were globose and later radiate into several
conidial columns; measuring 3.0284 x3.5003um in diameter. The walls of the
conidial heads were thick, smooth, pale brown and covers the entire surface of
the vesicle, measuring vesicles 30-45 um wide, phialides flask-shaped, 7-963-4
mm; conidia sub-globose, 3.5-4.8 mm in diameter (Fig 3).

LDso challenge: LDso challenge was performed with the fungal inoculation of
three different concentrations of 2x103, 4x10% and 8x108 conidia/ml CFU of
sporangiospore suspension. Inoculation was injected intraperitoneally.
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Fig. 1(A): Phtomicrograph showing morphology of Aspergillus niger at conidial stage in PDA
(Hymedia) plate; 1(B) Lactophenol cotton blue mounted light microscopic appearance of the
conidiophores of Aspergillus niger; 1(C) Phtomicrograph showing Scanning electron microscopic
structure of Aspergillus niger; 1(D) Clinical symptoms in Oriochromisniloticus

Fig. 2 Histological sections; (A-C) Normal liver; (B) infected liver with the presence of
melanomacrophagic centers ;(D) infected liver with eosinophilic granules (E-F) normal muscle; (G-H)
infected muscle with irregular striations.

Mortalities have been recorded during the experimental infections. The mortality
was found to ascend from 30% to 40% and with highest mortality (70%) within
the given time of exposure (Table-1). The 8x108 cfu/ml was found to be the lethal
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dose. 50% mortality was observed at the given dose of 4x10° cfu/ml and 2x103
cfu/ml of isolate did not give any significant variation. All the host fish were

subjected for fungal isolation.
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Fig. 3 (A-F) Scanning Electron Micrograph of histological sec ;
(E and F) liver

Fig. 4 (A-D) Transmission Electron Micrograph of cross section of hepatocyte cells of infected liver of
host fish.
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Fig. 5 (A): Different Enzyme concentrations (mean * SD) namely GOT, GPT, ALP concentration of
serum in host fish infected with Aspergillus niger; 5 (B) Different concentrations of serum glucose,
cholesterol and total protein (mean + SD) in host fish infected with Aspergillus niger
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Fig. 6 Comparative study of isoenzymes of control and infected group of fish (A) MDH control; Lane
1-6 (1 liver, 2 Kidney, 3 spleen, 4 muscle, 5 heart, 6 gill ; MDH infected; Lane 1-6 (1 gill, 2 muscle, 3
kidney, 4 heart, 5 spleen,6 liver); (B) LDH control; Lane 1-6 (1 gill 2 heart, 3 liver, 4 muscle, 5
kidney, 6 spleen); LDH infected; Lane 1-6 (1 gill, 2 muscle, 3 liver, 4 kidney 5 heart,6 spleen); (C)
Peroxidase control; Lane 1-6 (1 gill 2 heart, 3 liver, 4 muscle, 5 kidney, 6 spleen); Peroxidase
infected; Lane 1-6 (1 gill, 2 liver, 3 heart, 4 muscle 5 kidney,6 spleen),6 (D) Protein profiling infected;
Lane 1-6 (1 gill, 2 heart 3 liver, 4 muscle 5 kidney,6 spleen)

Clinical pathophysiology Clinical symptoms in host fish: After 20 days of post
infectivity experiment, the main clinical symptoms observed were conspicuous
fungal colonies on the skin, fins, scales and localized areas of the body surface
(Fig.4).The fungal growth appeared as white thin threads resembling a tuft of
cottony white patches on the body. The colour frequently changed to dark by
accumulation of debris and the surface of the skin shows impressions of deep
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lesions. The infected fish shows dissymmetrical movement with some changes in
swimming pattern. The percent mortality of re-infected fish was found to
increase with the increasing concentration of doses and days of treatment.
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Fig. 7 (A) DNA Concentration in different tissues of host fish inoculated with A. niger; (B); RNA
Concentration in different tissues of host fish inoculated with A. niger; (C) Protein profiling control;
Lane 1-6 (1 muscle 2 gill, 3 heart, 4 liver, 5 kidney, 6 spleen)

Histological findings Light microscopic analysis: The main alterations found in
the liver were irregular-shaped nuclei, nuclear hypertrophy and the presence of
eosinophilic granules in the cytoplasm. melanomacrophages identified as
rounded aggregates of cells containing dark-yellowish granules of various sizes,
close to the vessels. (Fig. 5 a-d). Muscle fibers lack longitudinal pattern and
compactness (Fig. 5 e-h).

Scanning Electron Microscopic analysis: The study showed depression on
scales containing fungal hyphae and fungal spore (Fig. 6 a-b). Skins infected by
hyphal penetration shows disintrigation of epidermal covering (fig 6 c-d).
Hemorrhage observed in liver cells by increase in number of RBC cells in liver
tissue (Fig.6 e-f). Many nonseptate, broad and branched hyphae observed in
ulcer granulated tissue of the liver near the penetrating hyphae.

Transmission Electron Microscopic Study: Transmission electron micrograph of
liver showed markedly vacuolated hepatocytes. Some were mildly degenerated,
while others exhibited clumping of nucleoprotein at the periphery of the
cytoplasm and central large vacuolation (Fig.7 a-b). Large vacuoles, containing
fine-granular material with low electron density, accumulated in the cytoplasm.
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Degeneration of the hepatocytic cell organelles has also been observed (Fig 7 c-
d).

Biochemical changes in fish due to Aspergillus niger infection: Vital enzymes
namely, GOT, GPT, ALP were also found to increase significantly (paired T- Test,
P < 0.01) in the infected group. The activity of GOT enzyme in infected group
was 380.5.£0.23 (UL-!) whereas in normal fishes the enzyme activity was
reported 263.43+0.24 (UL-!). The GPT enzyme concentration was 109.59+0.09
(ULY) in infected group of fish, where as it was 36.04+0.11 (UL-!) in control
group of fish. The activity of ALP enzyme in normal fishes was 135.6£9.03 (UL-1).
In infected group, the activity of these the enzymes increased significantly and
was observed as 185. .905+8.82 (UL-!) than the control group of fish (Fig. 8 a-c).
Blood glucose and total cholesterol concentration of serum in infected group has
deviated significantly from the normal level (paired T- Test, P < 0.01). The blood
glucose level in infected group was observed 34.907+0.95mg/dl which is much
lesser than the normal level (79.51£1.38mg/dl). The total cholesterol
concentration of serum in infected group was elevated to 188.5928+2.25mg/dl
where as in normal fishes it was observed as 1034.25+2.17mg/dl (Fig.9 a and
b). The total protein level in the serum of infected fish was found to be much
lower in comparison to the control group. The protein concentration of the
serum has significantly decreased (paired T- Test, P < 0.01) than the normal
when exposed to increasing concentration of 2 x 103, 4 x 106 and 8 x
108conidia/ml CFU of sporangiospore suspension. The activity of protein
decreased from normal 7.9 to 3.5 mg/dl (Fig. 9 ¢)

Isoenzymatic study: The isoenzyme malate dehydrogenase in infected
sample showed three fractions in the electrophoretic pattern in the host fish
(Fig. 10 b). The three fractions (MDH 1, MDH 2 and MDH 3) were recorded in all
tissues only with the exception of kidney. The isoforms MDH 2 and MDH 3 were
not observed in kidney. All the three isoforms which occurred in different tissues
of host fish did not show much variation between heart and liver followed by
muscle and gill. Malate dehydrogenase enzyme activity was recorded highest in
spleen than any of the rest tissues. MDH isoforms were expressed significantly
in spleen followed by kidney. The stress related enzyme shows an overall
increase in activity in artificially infected host fish after 20 days as compared to
control (Fig. 10 a). Figure 11 (a and b) revealed expression of lactate
dehydrogenase with two isoforms LDH 1, LDH 2 and LDH 3 in host fish when
exposed to determined dose (0.75 x 105 CFU/ml) of Aspergillus niger strains for
20 days. LDH 2 was present in gill, heart, liver, kidney and muscle whereas,
LDH 3 was significantly observed in all tissues of the host fish. Only one
isomorphic band, LDH 1 was expressed in muscle. Similar result was observed
in case of heart and muscle too. The activity was recorded highest in liver
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followed by spleen, kidney, gill, and heart and muscle .than any other tissue in
control. There was no significant difference between spleen and kidney.

Regarding peroxidase isozyme, six isomorphic bands were recorded in
different tissues (Fig. 12 a and b). It expressed as two fractions, Pox 4 only in
heart and Pox 5 in liver and kidney. Pox 1 was expressed in all tissue without an
exception whereas, isoform Pox 2 was absent in kidney and muscle. Similarly;
Pox 3 and Pox 6 were not observed in case of gill and spleen respectively.

Cytotoxic analysis in tissues: DNA damage was observed in liver, muscle
and spleen. Decreased concentration of DNA in the host tissues observed with
higher doses (Fig-13). Maximum reduction of RNA concentration was found in
gill, muscle and kidney (Fig 14).

Protein profiling analysis: The higher level of proteins in muscle tissue in
groups of host fishes was seen and highly expressed lower molecular weight
protein bands of 10.5,14, 22, 29 and 42 kDa was majorly expressed (Fig. 15 a)
in respect to control groups protein fractions of 22 and 29 kDa (Fig 15b).

The present study focuses on the isolation, identification and morphometric
analysis of the pathogenic fungus isolated from host fish Oriochromis niloticus.
This study not only focuses on the fungal phenotype analysis but also its
pathogenic effect on the host physiology. The infectivity experiment with the
selected dose i.e. 1/4th of the determined LDso (Ghosh et.al. 2019) revealed that
the isolated pathogen is capable of re-infecting the host fish, as the fish showed
primary symptoms of infection after fungal inoculation. Different parameters
when tested to confirm the pathogenic effect of the fungus on the host fish
positive outcome was obtained.

To confirm the pathogenicity of the fungus, sign of acute infection in the
liver and muscle were studied. The observations during this study like mild
necrosis, rupture of portal vessels, vacuolizations of the hepatocytes is similar to
the findings of Mohanty et.al., 2008; El-Barbbary, 2010; Ghosh et.al., 2014. The
damage is caused due to the invasion of the fungal hyphae through the dermal
layer and finally its adherence to the target organ and these observations were
documented through the SEM and TEM studies.

The biochemical parameters it was observed that there was abnormal
decrease in glucose level. The decrease was due to the fungal consumption of
sufficient amount of glucose from the host causing glycopyruvic intoxication
which ultimately led towards the abnormal decrease in serum glucose. This
change can be defined as a secondary response to stress due to the
pathogenicity of the fungus. The same parameter was tested for the
measurement of stress response in a variety of fish species (Barton and Iwama,
1991 and Wendelaar Bonga, 1997).Liver enzymes like ALT, AST are the stress



Cytogenetic study of pathogenomics 111

indicator of body (Barton et.al, 1991; Van der Boon et.al 1991; Wendelaar
Bonga, 1997). The quantitative analysis of these enzymes showed significant
differences in between control and infected group of fishes and the probable
reason was higher metabolic activity of the fish. As the liver is the primary organ
and the major site for detoxification thus when the body is exposed to any sort
of stress a significant increase in liver enzymes occurs leading to higher
metabolic activity and elevated concentrations of amino-transferase enzymes
et.al, 2005).

The major antioxidant enzyme system of fish constitute Lactate
dehydrgenase (LDH), Malate dehydrogenase (MDH) and Peroxidase (Pox) and the
study of this enzyme system was important during this work as the change in
this enzyme system is an indicator of supply of oxygen in the living system
(Chaudhuri et al,1998; Martinez et al, 2011). When the oxygen supply is
inadequate, organisms switched from aerobic to anaerobic mode of metabolism
in order to maintain their physiological function and in such conditions the
antioxidant enzyme systems come into play. This enzyme system constitute the
defense system of the organisms as well (Sharma and Jain ,2008; et al, 2009),
and thus when pathogens enter into the fish body and toxicological response
gets switched on, changes in this enzyme systems take place. In our study the
electrophoretic behaviors of the isoenzyme system (fig. 10-12) was indicative
towards the pathogen entry inside the fish body. LDH is a marker of common
injuries, diseases and stress. Thus presence of LDH extensively in body tissues
indicates its release during tissue damage by the fungal pathogen. LDH is
involved in the respiratory process and there is increase in activity during the
exposure of the host to the fungal pathogen. Pathogenic exposure causes an
increase in the cellular metabolic processes in the organisms with higher energy
availability (Tiwari and Singh, 2009). Thus ATPase activity also showed an
increase in liver tissue of the infected group of fishes in comparison to the
control group. This increase, which occurred with the LDH activity in muscle,
may be the result of an increase in enzyme activity after being exposed to
hypoxia. On the other hand the disruption of MDH was due to the induced
alteration in carbohydrate metabolism leading to total glycogen depletion
triggered by the fungal entry into the body (Mo et.al, 1975).

In animals, peroxidase enzymes are involved in functions like phagocytosis and
immune cell response, cell adhesion, antioxidant reaction and the oxidative
polymerization of hydroquinone to melanin. This enzyme is also considered as a
good indicator for tissue specificity. Higher activity of this enzyme in liver after
exposure to fungus was observed and this observation agrees with Mydlarz and
Harvel (2007) who also suggested that the enzyme possesses an importance in
the defenses of many different organisms and the level gets elevated upon
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exposure to toxic environment. The hidden strategies of the organism to respond
against artificial infection induced hypoxia lay in that its high affinity for lactate
dehydrogenase, malate dehydrogenase and peroxidase, the stress enzymes in
acute infection. This enzyme could also be considered as a good indicator for
tissue specificity as. Twenty days of exposure to Aspergillus niger strain caused
increased activity of peroxidase in gill and heart as compared to any other
tissue.

Further the study on quantification of DNA and RNA was conducted and
the result revealed a clear decrease in concentration of both the nucleic acids in
the infected group of fish when compared with the control group. Fish growth
showed an inverse correlation with nucleic acids content of the body. As
discussed earlier that infection with the fungus Aspergillus leads to higher
tissue damage and necrosis and thus cause degradation of the nucleic acids too
which leads to the lesser synthesis of the structural and functional proteins and
loss of body weight and thus the content of protein and DNA was found to be
below the normal range in muscle, gill, kidney, spleen and liver during the
infection (Ahmad, 2012).). From this, it clearly implies that fishes with
Aspergillus PKBSG14 infection the fish must spend more energy to synthesize
structural or functional proteins and bio transformer to resist the stressor’s
effects on homeostasis that is present in fungal toxins (David et al, 2004).

The level of total protein is considered to be one of the major indicators of the
health status of fish as structural proteins mainly involved in the architecture of
the cell and functional proteins determines the activity of the cell. The quantity
of total protein is dependent on either the rate of synthesis or on rate of its
degradation. During the stress induced by the fungal toxins the fishes need
more energy to detoxify the toxicant just to overcome the stress (Ullah et al,
2014); hence in order to that increased demand of energy depletion of protein
fraction in serum is triggered and thus similar data was obtained. The primary
mechanism of infection involves protein denaturation which results in molecular
aggregation and mis-folding ((Karuppasamy, 2000). Synthesis of stress protein is
also explained as a protective and repairing mechanism; synthesis of stress
proteins therefore occurred to facilitate the repair of denatured proteins (Ahmad,
2012). The present investigations demonstrated that there were definite
qualitative alterations in protein fractions and their intensity profiles in the
muscle majorly and then other tissues such as kidney, liver and spleen due to
infection. The reason for the loss of protein from serum may be attributed to the
increased level of transaminase activity resulting rapid utilization of reserve food
like protein and carbohydrate under stress condition (David, et al 2004,
Parthasarathy and Joseph, 2011). The present study explains that host fish
responded to the 1/4th of LDS0 dose (.75%x105 CFU/ml) of Aspergillus niger by
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altering the level of proteins and DNA in muscle, gill, kidney, liver and spleen.
These alterations are sufficient indicators of their diseased condition. High
molecular weight bands were observed in control which disappeared in infected
fish.

The observations during the present investigation indicate definite
physiological changes at the tissue, cellular and molecular level. The alterations
in the tissue structure, changes in the quantitative and qualitative estimation of
different biochemical and enzymatic parameters, and variations observed during
nucleic and total protein quantification clearly indicate the pathogenic effect of
the isolated strain of fungus Aspergillus. In the present study, pathogenic
Aspergillus was proved to an effective inducer of stress causing modifications in
the different physiological parameters in infected fish.

Ethical approval: The fishes were collected in fresh from different fish farms
of West Bengal. Animal ethical care guidelines were followed as the fish were
used in the study. It has been informed that as per CPCSEA instruction's
protocol for experimentation on fishes does not require approval.

Conflict of interest statement: We declare that we have no conflict of interest.

Acknowledgements: One of the author SG is thankful to the University
Grants Commission (F-3-11/2012 (SAP-II), New Delhi for financial assistance in
the form of fellowship to carry out the research work. Thanks are also due to
CRNN, University of Calcutta, Kolkata, West Bengal for using Scanning electron
microscopic study and Prof. Tapas Nag, of Electron microscopy Department,
AIIMS, New Delhi for Transmission Electron Microscopy study.

LITERATURE CITED

AFOLAYAN, A.J., MEYER, J.J.M. 1995. Morphology and ultrastructure of secreting and non -
secreting foliar trichomes of Helichrysum aureonitens (Asteraceae). Int J Plant Sci., 156: 481-
487

AHMAD, N.A. 2012. Biochemical studies on pollution of the river Nile at different stations of delta
barrage (PhD Thesis). Benha University, Benha, Egypt.

ALLEN F. M., PATRICK J.W. AND ROGER T.H. 2005 Blood biochemistry of the oyster toadfish,
Journal of Aquatic Animal Health, 17: 170-176.

ANDREOU, D., FEIST, S. W., STONE, D., BATEMAN, K., AND GOZLAN, R. E. 2011. Sphaerothecum
destruens pathology in cyprinids. Dis. Aqua. Org. 95: 145-151.

BARNETT, R., LARSON, G. 2012. A phenol-chloroform protocol for extracting DNA from ancient
samples. Methods Mol. Biol. 840: 9-13.

BARTON B.A. AND.IWAMA G.K (1991) Physiological changes in fish from stress in aquaculture with

emphasis on the response and effects of corticosteroids, Annual Review of Fish Diseases 1, 3—
26.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Barnett%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22237516
http://www.ncbi.nlm.nih.gov/pubmed/?term=Larson%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22237516
http://www.ncbi.nlm.nih.gov/pubmed/22237516

114 Ghosh and Bandyopadhyay

BARTON, B.A. AND IWAMA, G.K. 1991. Physiological changes in fish from stress in aquaculture with
emphasis on the response and effects of corticosteroids. An. Rev. Fish. Dis. 1: 3-26.

BASAGLIA, F. (1991). Interspecific gene differences and phylogeny of the Sparidae Family
(Perciformes: Teleostei), estimated from electrophoretic data on enzymatic tissue- expression.
Comp. Biochem. Physiol. 99: 495-508.

BERG, W. J. AND BUTH, D. G. 1984. Glucose dehydrogenase in Teleosts: Tissue distribution and
proposed function. Comp. Biochem. Physiol. 77: 285-288.

BERGER, L., SPEARE, R., DASZAK, P., GREEN, D.E., CUNNINGHAM, A.A., GOGGIN, C.L.,
SLOCOMBE, R., RAGAN, M.A., HYATT, A.D., MCDONALD, K.R., HINES, H.B., LIPS, K.R,,
MARANTELLI, G. AND PARKES, H. 1998.Chytridiomycosis causes amphibian mortality
associated with population declines in the rain forests of Australia and Central America. Proc.
Nat. Acad. Sci. USA. 95: 9031-9036.

BLEHERT, D.S., HICKS ,A,C,, BEHR, M., METEYER, C.U., BERLOWSKI-ZIER , B.M., BUCKLES,
E.L., COLEMAN, J,T., DARLING, S.R., GARGAS, A., NIVER, R., OKONIEWSKI, J.C., RUDD,
R.J. and STONE, W.B. 2009. Bat white-nose syndrome: an emerging fungal pathogen. Science.
323: 227.

BROWN, C. 2000. Emerging diseases of animals—an overview, in emerging diseases of animals, eds.
Brown, C. and Bolin, C. (Washington: ASM Press). 1- 5.

CAMERON, S.A., LOZIER, J.D., STRANGE, J.P., KOCH, J.B., CORDES , N., SOLTER, L.F. AND
GRISWOLD, T.L. 2011. Patterns of widespread decline in North American bumble bees. Proc.
Nat. Acad. Sci. USA. 108:662-667.

CHAUDHURI, B.B. & KRISHNA, G. 1998. Tissue specificity and degree of polymorphism of five
enzyme systems of L. rohita, from river Yamuna. Fish Genetics and Biodiversity Conservation,
5: 358-360. http:/ /www.doi.org/10.4236/nr.2012.34027

DASZAK, P., CUNNINGHAM, A. A., AND HYATT, A. D. 2000. Emerging infectious diseases of wildlife
threats to biodiversity and human health. Science. 287: 443-449.

DAVID, M., MUSHIGERI, S.B., SIVAKUMAR, R., & PHILIP, G.H. 2004. Response of Cyprinus carpio
to sublethal concentration of cypermethrin: alterations in protein metabolic profiles.
Chemosphere, 56:347-352.

EL-BARBBARY MI. 2010 Some clinical, microbio - logical and molecular characteristics of
Aeromonas hydrophila isolated from various naturally infected fishes. Aqua. Int., 18:943-954.

FISHER, M. C., GARNER, T. W. J., AND WALKER, S. F. (2009). Global emergence of
Batrachochytrium dendrobatidis andamphibian chytridiomycosis in space, time, and host. Ann.
Rev. Microbiol. 63: 291-310.

FISHER, M. C., HENK, D. A., BRIGGS, C. J., BROWNSTEIN, J. S., MADOFF, L. C. AND MCCRAW,
S.L. 2012. Emerging fungal threats to animal, plant and ecosystem health. Nature. 484:186-
194.

FISHER, S. E. AND WHITT, G. S. 1978. Evolution of isozyme loci and their differential tissue

expression, creatine kinase as a model system. J. Mol. Evol. 12: 25-55.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Blehert%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=18974316
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hicks%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=18974316
http://www.ncbi.nlm.nih.gov/pubmed/?term=Behr%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18974316
http://www.ncbi.nlm.nih.gov/pubmed/?term=Meteyer%20CU%5BAuthor%5D&cauthor=true&cauthor_uid=18974316
http://www.ncbi.nlm.nih.gov/pubmed/?term=Berlowski-Zier%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=18974316
http://www.ncbi.nlm.nih.gov/pubmed/?term=Buckles%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=18974316
http://www.ncbi.nlm.nih.gov/pubmed/?term=Buckles%20EL%5BAuthor%5D&cauthor=true&cauthor_uid=18974316
http://www.ncbi.nlm.nih.gov/pubmed/?term=Coleman%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=18974316
http://www.ncbi.nlm.nih.gov/pubmed/?term=Darling%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=18974316
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gargas%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18974316
http://www.ncbi.nlm.nih.gov/pubmed/?term=Niver%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18974316
http://www.ncbi.nlm.nih.gov/pubmed/?term=Okoniewski%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=18974316
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rudd%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=18974316
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rudd%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=18974316
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stone%20WB%5BAuthor%5D&cauthor=true&cauthor_uid=18974316
http://www.doi.org/10.4236/nr.2012.34027

Cytogenetic study of pathogenomics 115

FRICK, W.F, POLLOCK, J.F., HICKS, A.C., LANGWIG, K.E., REYNOLDS, D.S., TURNER, G.G.,
BUTCHKOSKI, C.M. AND KUNZ, T.H. (2010). An emerging disease causes regional population
collapse of a common North American bat species. Science. 329: 679-682.

GHOSH S AND BANDYOPADHYAY P K 2014 First report of infection of Rhizomucor pusillus PKBSG
strain in Channa punctatus - its isolation, identification by sequencing of D1 /D2 region of 28s
rRNA-DNA genes and host-pathophysiology, IOSR Journal of Agriculture and Veterinary Science
(IOSR-JAVS) e-ISSN: 2319-2380, p-ISSN: 2319-2372. Vol. 7: (10) Ver. II, 72-81

GHOSH S AND BANDYOPADHYAY P K 2019 Molecular characterization of newly identified
Klebsiella PKBSG14 and analysis of its effect on immune response and cell cycle progression
using common catfish (Channa punctatus) as a model, Microbial Pathogenesis, Vol. 127: 368-
379

GOZLAN, R. E., ST-HILAIRE, S., FEIST, S. W., MARTIN, P., AND KENT M. L. 2005. Disease threats
on European fish. Nature. 435: 1045-1046.

GUSTAFSSO, J. E.C. 1976 Improved specificity of serum albumin determination and estimation of
‘acute phase reactants” by use of the bromeresol green reaction, Clinical chemistry, 22: 616-
622.

HOLT, R. W. AND LEIBEL, W.S. 1987. Coexpression of distinct eye and liver-specific LDH isozymes
in Cichlid Fish. J. Exp. Zool. 244: 337-343.

KARUPPASAMY, R. 2000. Short and long term effects of phenyl mercuric acetate on protein
metabolism in Channa punctatus (Bloch). Journal of Nature conservation, 12(1), 83-93.

KE X. L, WANG J.G., GU Z .M, M. LI, X .NN. 2009. Gong, Saprolegnia brachydanis, a new oomycete
isolated from zebra fish. Mycopathologia 167, 107-113.

KIM, K., AND HARVELL, C. D. 2004. The rise and fall of a six-year coral-fungal epizootic. Am. Nat.
164: S52-S63.

KIND P.R. AND KING E.J 1954 Estimation of plasma phosphatase by determination of hydrolysed
phenol with amino-antipyrine, Journal of Clinical Pathology, 4: 322-326.

KOCAN, R., AND HERSHBERGER, P. 2006. Differences in Ichthyophonus prevalence and infection
severity between upper Yukon River and Tanana River chinook salmon, Oncorhynchus
tshawytscha (Walbaum) stocks. J. Fish Dis. 29: 497-503.

LESLIE, J. F. AND PONTIER, P. J. 1980. Linkage conservation of homologous esterase loci in fish
(Cyprinodontoidei: Poe- ciliidae). Biochem. Genetics. 18: 103-105.

LOWRY, O.H., ROSEBROUGH, N.J., FARR, A.L., & RANDALL, R.J. 1951. Protein measurement with
the Folin Phenol Reagent. Journal of Biological Chemistry, 193, 265-275. http:/ /www.jbc.org/

MARTINEZ, M.L., RAYNARD, E.L., BERNARD, B.R., & CHAPMAN, L.J. 2011. Oxygen limitation and
tissue metabolic potential of the African fish Barbus neumayeri: roles of native habitat and

acclimatization. BMC Ecolology, 20:2-11.

MENDEL B., KEMP A..AND MYERS D.K. (1954) Biochemical Journal, 56: 639.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Frick%20WF%5BAuthor%5D&cauthor=true&cauthor_uid=20689016
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pollock%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=20689016
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hicks%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=20689016
http://www.ncbi.nlm.nih.gov/pubmed/?term=Langwig%20KE%5BAuthor%5D&cauthor=true&cauthor_uid=20689016
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reynolds%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=20689016
http://www.ncbi.nlm.nih.gov/pubmed/?term=Turner%20GG%5BAuthor%5D&cauthor=true&cauthor_uid=20689016
http://www.ncbi.nlm.nih.gov/pubmed/?term=Butchkoski%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=20689016
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kunz%20TH%5BAuthor%5D&cauthor=true&cauthor_uid=20689016
https://www.sciencedirect.com/science/journal/08824010/127/supp/C

116 Ghosh and Bandyopadhyay

MO, Y., YOUNG, C.D., & GRACY, R.W. (1975). Isolation and characterization of tissue-specific
isozymes of Glucosephosphate Isomerase from catfish and conger. Journal of Biological
Chemistry, 250(17), 6747- 6755. http:/ /www.jbc.org/

MOHANTY BR, MISHRA J, DAS S, JENA JK, SAHOO PK. An Outbreak of Aeromoniasis in an
Organized Composite Carp Culture Farm in India: Experimental Pathogenicity and
Antibiogram Study, J Aqua. 2008; 16:27-37.

MYDLARZ, L. D. AND HARVEL, C. D. 2007. Peroxidase activity and inducibility in the sea fan coral
exposed to a fungal pathogen, A: molecular and integrative physiology. Comp. Biochem.
Physiol. 146: 54-62.

OLUFEMI, B. E. 1983. The Aspergilli as pathogens of cultured fishes. In: Recent advances of
aquaculture, (eds. J.’F. Munir and R. J. Roberts) 193-218.

PARTHASARATHY, R., & JOSEPH, J. 2011. Study on the changes in the levels of protein metabolism
in A cyhalothrin induced hepatotoxicity in freshwater Tilapia Oreochromis mossambicus.
Advances in Applied Science Research, 2: 57-62.

PEELER, E. J., OIDTMANN, B. C., MIDTLYNG, P. J., MIOSSEC, L. AND GOZLAN, R. E. (2010).
Nonnative aquatic animals introductions have driven disease emergence in Europe. Biol. Invas.
13: 1291-1303.

REES, B.B., BOILY, P., & WILLIAMSON, L.A.C. 2009. Exercise and hypoxia induced anaerobic
metabolism and recovery: a student laboratory exercise using teleost fish. Advanced Physiology
and Education, 33: 72-77. http:/ /www.doi.org/10.1152/advan.90188.2008

REITMAN S. AND FRANKEL S 1957 A colorimetric method for the determination of serum glutamic
oxalacetic and glutamic pyruvic transaminases. American journal of clinical pathology, 28:56-
63.

ROBERT A.S., JOOST A.S. AND WOUTER V1979 A simplified technique to prepare fungal
specimens for scanning electron microscopy. Cytobios, 24:7-11.

SHARMA, M., & JAIN, K.L. 2008. Alteration in the metabolic enzyme activity of muscle tissues in the
fish Cyprinus carpio (L.) on chronic exposure to some pesticides. Journal of Aquaculture, 16: 7-

12. Retrived from http://www.scielo.br/scielo.php

STEGEMANN H., AFIFY A. M. R. AND HUSSEIN K. R. F 1985 “Cultivar Identification of Dates
(Phoenix dactylifera) by Protein Patterns,” Second International Symposium of Biochemical
Approaches to Identification of Cultivars, Braunschweing, West Germany, p. 44.

TIETZV, W.B. (PHILADELPHIA, 1986 Saunders, Textbook of clinical chemistry, 879-886, 1818-1829

TIWARI, S., PANDEY, R.P.,, & SINGH, A. 2008. Effect of cycloart-24-en-3B-ol from Euphorbia
royleana latex on neuro-enzyme ache and oxidative metabolism of freshwater fish, Channa
punctatus. African Journal of Traditional Complementary and Alternative Medicines, 5(4), 332—
339.

ULLAH, R., ZUBERI, A., ULLAH, S., ULLAH, I, & DAWAR, F.U. (2014). Cypermethrin induced

behavioral and biochemical changes in mahseer, Tor putitora. Journal of Toxicological Sciences,

39(6), 829-836.


http://www.jbc.org/
http://www.doi.org/10.1152/advan.90188.2008
http://www.scielo.br/scielo.php

Cytogenetic study of pathogenomics 117

VAN DER BOON J., VAN DEN G.E., THILLART E. J. M. AND ADDINK A. D. F., 1991. The effects of
cortisol administration on intermediary metabolism in teleost fish, Comparative Biochemistry
and Physiology A, 100: 47-53.

WENDELAAR BONGA, S. E.(1997) The stress response in fish. Physiol. Rev 77: 591-625

XIA, D.,, WU, T. AND WANG, H. 1992. Differential gene expression for lactate dehydrogenase of
Mandarian Fish (Sinaperca chuatsi. Aquacult. 108: 207-214.

(Manuscript received on 25 March; 2023 revised on 15 April; 2023)



