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Preface

This manual consists of several chapters that deal with the techniques involved in the study
of aquatic pathogens that cause infections, especially in fish. It covers a wide range of basic
and advanced techniques associated with research on the isolation and identification of
bacterial, viral, and fungal pathogens, and probiotic bacteria. In addition, it addresses the
treatment of pathogens using seaweed extracts, medicinal plant extracts, and actinomycetes.

The knowledge and information shared in this manual provides information on the
various protocols to be followed while performing the experiments. The editors are
extremely grateful to each author or team of authors who found time to write a comprehen-
sive chapter based on their expertise in various protocols. These protocols covered in this
manual are widely followed by researchers and, therefore, will be extremely useful. Post-
graduate students, research scholars, postdoctoral fellows, and teachers belonging to differ-
ent disciplines in microbiology, biotechnology, and marine science are the targeted readers
of this manual. Reading this manual will kindle further discussions among researchers
working in aquaculture, biotechnology, microbiology, and other related subjects, thus
widening its broader scope. Researchers will gain more knowledge of the information shared
here on various protocols.

Vellore, Tamil Nadu, India John Thomas
Surat, Gujarat, India
October 2022

Natarajan Amaresan
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Isolation and Identification of Pathogens from Fishes



Chapter 1

Isolation and Identification of Aeromonas sp. from Fishes

Mirunalini Ganesan, Ravi Mani, and Sakthinarenderan Sai

Abstract

Aeromonas is an important bacterial pathogen that is frequently isolated from diseased fish throughout the
world. Bacterial fish diseases, especially bacterial hemorrhagic septicemia and motile Aeromonas septicemia
in freshwater fish, caused great losses. The researchers observed histopathological changes in intestines, the
liver, and kidneys of the affected fish. Many researchers have isolated and identified Aeromonas hydrophila
from carp, catfishes, perches, and eels and found that they are highly pathogenic. Here, we describe the
methods used to isolate and identifyAeromonas spp. in fish by biochemical tests and other means. Our goals
are to provide the reader with guidelines on how to identify Aeromonas infection and isolate the bacteria.

Key words Bacterial fish diseases, Aeromonas, Isolation, Identification, Characterization

1 Introduction

Aeromonas spp. are opportunistic pathogens that frequently cause
infections as a result of host damage or stress [1]. Human illnesses
caused by these bacteria include endocarditis, gastroenteritis, peri-
tonitis, and septicemia [2]. They are also the most common infec-
tions in farmed fish [3]. Aeromonas spp., include A. caviae,
A. veronii, A. salmonicida [4, 5], A. hydrophila [6], A. sobria, and
A. bestiarum. Among these,A. hydrophila is thought to be the most
dangerous to aquatic animals, producing hemorrhagic illness in
farmed fish on a regular basis [7]. A. veronii, on the other hand,
has recently been found to infect fish with many of the same
symptoms and histological abnormalities as A. hydrophila. Viru-
lence factors are used to measure virulence and toxicity of bacterial
infections. The pathogenicity of A. veronii is mostly attributable to
virulence factors and synergistic interactions. Virulence factors
include cytotoxic enterotoxins (act, alt, ast), aerolysin (aer), polar
flagella (fla), serine protease (ser), elastase (ahyB), lipase (lip),
DNases (exu), glycerophospholipid: cholesterol acyltransferase
(gcaT), and type III secretion system (ascV). To better understand

John Thomas and Natarajan Amaresan (eds.), Aquaculture Microbiology, Springer Protocols Handbooks,
https://doi.org/10.1007/978-1-0716-3032-7_1,
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the pathophysiology and epidemiology of A. veronii, it is critical to
explore the virulence-related characteristics of clinical isolates
[8]. However, data and information regarding sick fish are scarce.

4 Mirunalini Ganesan et al.

To clarify what constitutes a favorable development platform
for this pathogen, it is essential to analyze the growth properties of
the bacterial isolate under various circumstances. Aeromonas is an
aquatic-specific environmental bacterium that can be irregularly
transferred to people [9, 10]. Foods derived from animals, fish,
and vegetables have long been thought to be key carriers of Aero-
monas spp. infections. Gastroenteritis is the most common human
infection caused by Aeromonas spp.; however, other serious dis-
eases, such as systemic infections, are less common and are usually
associated with immunocompromised individuals. Furthermore,
these microbes are known to cause major infections in fish. Aero-
monas spp. can survive and multiply at low temperatures in a variety
of food products stored between �2 and 10 �C, such as beef, roast
beef, and pork, and can even produce virulence factors at these low
temperatures. Although the incidence of foodborne outbreaks
caused by Aeromonas spp. has been relatively low in the past, their
presence in the food chain should not be overlooked. Little
research has been conducted on the incidence of Aeromonas spp.
in frozen fish, despite the fact that there have been many surveys on
the prevalence of Aeromonas spp. in food products. Furthermore,
these studies employed strains that were incorrectly identified using
standard biochemical approaches, which resulted in unsatisfactory
results.

2 Materials

2.1 Isolation of

Aeromonas from

Infected Fish

• Infected fish.

• Needles.

• Dissection kits.

• Petri plates.

• Incubator.

2.2 Staining and

Biochemical Methods

• Refer to standard microbiology laboratory manual.

2.3 Molecular

Identification

• PCR reaction fine chemicals as per standard protocols.

• Primers-F-50 AGAGTTTGATCATGGCTCAG 30,R-50

GGTTACCTTGTTACGACTT30.

• Thermocycler.

• Geldoc/transilluminator.
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3 Methods

3.1 Fish Sampling • Collect fish with clinical signs such darkening skin, external
hemorrhages, and internal bleeding in the liver, kidneys, and
skin, or a combination of these symptoms.

• Sterilize the equipment, such as needles, by spraying them with
70% alcohol and then expose them to the flames directly.

• Sterilize the Petri dishes by autoclaving them for 10–15 min at
121 �C and 1 atm pressure.

• Dissect liver, spleen, and kidneys from the fish after cleaning
their skin with 75% ethyl alcohol.

3.2 Isolation

of Bacteria

• Homogenize the dissected organs with 2 mL of PBS and cen-
trifuge at 500 rpm for 5 min.

• Discard the supernatant and wash the pellet three times
with PBS.

• Finally suspend the pellet with 1 mL of sterile PBS.

• Prepare Luria–Bertani (LB) medium (10 g/L tryptone, 5 g/L
yeast extract, 10 g/L NaCl, 15 g/L agar: pH 7) and
autoclave it.

• Pour the autoclaved media into Petri plates and allow to solidify.

• Add 0.1 μL of the suspended pellet and spread plate it.

• Incubate it at 37 �C for 24–48 h and observe the colonies.

3.3 Identification of

Aeromonas Bacteria

• Aeromonas is a rod-shaped, nonspore-forming, oxidase-
positive, glucose-fermenting, facultatively anaerobic, and
Gram-negative bacterium that lives in water.

• Aeromonas spp. colonies on trypticase soy agar are smooth,
convex, and rounded, and they are tan/buff in color.

• Perform Gram staining as per the standard protocol.

3.4 Characterization

of Aeromonas Bacteria

• Aeromonas spp. colonies on trypticase soy agar are smooth,
convex, and rounded, and they are tan/buff in color. Charac-
terization results of Aeromonas spp. are shown in Table 1.

• Weigh 25 g of fish flesh aseptically and homogenize for 2 min in
stomacher bags containing 225 mL of alkaline peptone water.

• After 18 h of incubation at 37 �C, inoculate an aliquot of the
enrichment in blood agar containing 30 mg/L ampicillin and
incubate for 24 h at 28 �C.

• Select more or less than five presumptive Aeromonas colonies
for further identification, but consider only one isolate repre-
senting a species from each sample for incidence calculation.
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Table 1
The characterization result for the following Aeromonas spp. [12]

Results for the following species

A. hydrophila A. caviae A. sobria A. veronii A. salmonicida

Physiological characteristics

Gram stain

Shape Rod Rod Rod Rod Rod

Motility + + + + +

Catalase + + + + +

Oxidase + + + + Nd

Gas from glucosea +

Methyl red + Nd

Voges–Proskauera + +

Lysine decarboxylasea + Nd

Ornithine decarboxylasea Nd

Vibriostatic 0/129 + + + Nd Nd

Production of:

Indolea +

Urease Nd

Nitrate + + + Nd

Congo red + + Nd Nd

H2S from L-cysteine + Nd

Hydrolysis of:

Arbutina + + Nd Nd Nd

Inulin Nd Nd

DNase + + Nd +

Elastina + Nd

Esculina +

Starcha Nd

Gelatin + +/ Nd Nd

Beta hemolysis + Nd +

Alpha hemolysis + Nd Nd

Prolin + + + Nd Nd

Acid from:
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(continued)

Results for the following species

A. hydrophila A. caviae A. sobria A. veronii A. salmonicida

Adonitol

D-Arabitol Nd

L-Arabitol Nd Nd

L- Arabinosea + Nd +

D- Arabinose + + Nd Nd

D-Fucose Nd Nd

L-Fucose Nd Nd

Galactose + + + Nd Nd

Gluconate + Nd

Dulcitol Nd

Lactose + + +

D- Mannitola +

Maltose + + + + +

Melibiose Nd +

Inositol

D- Mannose + + + + Nd

Salicin + + +

Malonate Nd

D- Sorbitola

Saccharose (sucrose)a +

Utilization of:

Acetate + + Nd Nd

Arginine dihydrolase + + Nd

Histidine + + + Nd Nd

Lysine + + + Nd Nd

Casein + Nd Nd

Protease + + Nd Nd

Hemagglutination + Nd Nd

Antibiotic susceptibility

Ampicillin R R R R R
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(continued)

Results for the following species

A. hydrophila A. caviae A. sobria A. veronii A. salmonicida

Cephalothin R R S Nd R

Gentamicin R R R S NA

Penicillin R R R R NA

Tetracycline S S S S NA

Neomycin S S S M NA

Carbenicillin R R S Nd NA

Oxacillin S S S R NA

Chloramphenicol S S S S S

Nitrofurantoin S S S S NA

Cefuroxime S S S Nd NA

Cefotaxime S S S Nd NA

Ciprofloxacin R R R S NA

Clindamycin R R R R NA

Erythromycin R R R M R

Streptomycin R R R Nd NA

Imipenem S S S S NA

Kanamycin R R R S NA

Piperacillin S S S R NA

Polymyxin B R R R S NA

Rifampicin R R R S NA

Trimethoprim–sulfamethoxazole S S S Nd NA

+ shows positive result, � shows negative result, +/� undeterminable, Nd not determined, R resistant against the

antibiotic, S susceptible to antibiotic, M medium resistance, NA not available
aMajor tests for Aeromonas spp.

• Maintain the stock cultures of each strain for short periods at
room temperature on blood agar base slants and for longer
storage, and either freeze at �70 �C in 20% (w/v) glycerol–
Todd–Hewitt broth (Oxoid, Madrid, Spain) or lyophilize in
7.5% horse glucose serum as a cryoprotector.

3.4.1 Hemolytic Activity • On an agar basis (Oxoid) supplemented with 5% sheep erythro-
cytes, the strains are evaluated for hemolytic activity.
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• Streak each suspension over the plates with five microliters and
incubate for 24 h at 22 �C and 37 �C.

• Presence of distinct colorless zone around the colonies indicates
hemolytic activity [11].

3.4.2 Proteolytic Activity • Determine casein hydrolysis by streaking each suspension onto
Mueller–Hinton agar (Oxoid) containing 10% (w/v) skimmed
milk (Difco, Barcelona, Spain) and incubate at 37 �C for 24 h.

• Caseinase activity is shown by the appearance of a translucent
zone around the colonies. Each suspension is put in 4-mm-dia-
meter wells cut into an agarose gel and incubate for 20 h at
22 �C.

• Precipitate unhydrolyzed gelatin by immersing the plates in a
saturated ammonium sulfate solution at 70 �C.

• Gelatinase activity is shown by the appearance of a translucent
zone around the colonies.

3.4.3 Lipolytic Activity • Streak 5 mL suspension onto resazurin–butter agar and incu-
bate at 37 �C for 24 h.

• Presence of pink colonies indicates lipase activity.

3.4.4 Nuclease Activity • Extracellular nucleases (DNases) are determined on DNase agar
plates (Difco) with 0.005% methyl green.

• Streak 5 μL bacterial suspension onto the plates and incubate at
37 �C for 24 h.

• A pink halo around the colonies indicates nuclease activity.

3.4.5 Congo Red Dye

Uptake

• The ability to take up Congo red dye is determined on agar
plates supplemented with 50 μg/mL/mL of Congo red dye.

• Streak 5 μL bacterial suspension onto the plates and incubate at
37 �C for 24 h.

• Orange colonies are considered positive and express different
intensities in the dye uptake as + and ++.

3.4.6 Molecular

Identification

Reidentify all strains on the basis of the restriction fragment length
polymorphism patterns (RFLP) obtained from the 16S rDNA fol-
lowing the method described by Borrell et al. [9].

Add 200 μM each of dATP, dTTP, dCTP, and dGTP.

Add 5 μL 1� PCR buffer (50 mM KCL, 10 mM Tris–HCl,
pH 8.3).

Add 5 μL 2.5 mM MgCl2.
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Add 2 μL of 5 pM of each primer.

Add 3 μL of 10 ng of genomic DNA.

Perform PCR using the following conditions: denaturation at
93 �C for 3 min, followed by 35 cycles at 94 �C for 1 min, 56 �C for
1 min, and 72 �C for 2 min. After the final cycle, extension at 72 �C
is allowed for 10 min.

3.4.7 Antimicrobial

Susceptibility

The resistance of all strains to different antimicrobial agents is
determined by the disk diffusion method as described by Institute
CALS [12].
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Chapter 2

Isolation and Identification of Edwardsiellosis-Causing
Microorganism

Sakthinarenderan Sai, Ravi Mani, and Mirunalini Ganesan

Abstract

Isolation and identification of pathogenic bacteria are crucial for aquatic health management. Identifying
the correct pathogenic bacteria at the species level is crucial in preparing for precautionary and disease
management practices. Edwardsiellosis is an epidemic caused by Edwardsiella sp. This causes great eco-
nomic losses for fish culture in marine and freshwater habitats. This chapter discusses various protocols for
their isolation and identification.

Key words Edwardsiella, API 20E, Immunoassay blot, Edwardsiellosis polymerase amplification,
PCR assay

1 Introduction

Edwardsiellosis is an important bacterial outbreak in most tropical
aquaculture systems. The causative organism is Gram-negative rod
bacteria belonging to the family Enterobacteriaceae and genus
Edwardsiella [1]. It comprises five species: E. tarda [2],
E. ictaluri [3], E. hoshinae [4], E. piscicida [5], and
E. anguillarum [6]. The disease outbreaks have been reported for
20 species of freshwater and marine fish worldwide [7, 8]. The
isolation and identification of pathogenic fish species are important
for the control and prevention of major economic losses in aqua-
culture. This chapter describes the protocol for isolating and iden-
tifying different identification techniques used for Edwardsiella
spp. from the infected fish species.
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2 Materials

2.1 Isolation of

Edwardsiella from

Infected Fish

• Infected fish.

• Scalpel blades.

• Dissection kits.

• Petri plates.

• Incubator.

2.2 Staining and

Biochemical Methods

• Refer to standard microbiology laboratory manual.

2.3 Molecular

Identification

• PCR reaction fine chemicals as per standard protocols.

• Primers:

1. EtfD- F 5′GGTAACCTGATTTGGCGTTC 3′.
EttR 5′GGATCACCTGGATCTTAT CC 3′ [9].

2. 16S rRNA- F 5′AGAGTTTGATCCTGGCTCAG 3′
16S rRNA-R 5′ GGTTACCTTGT TACGACTT 3′ [10].

3. EvpP- F 5′
GTGATCAAAGAAAACTGGAGCTCTCTCGACTT3′

R EypP-R 5′GACCGTCAGGTTTGGAATATAGAA
CTGTGT3′ [11].

• Thermocycler.

• Geldoc/transilluminator.

3 Methods

• Prepare bacterial isolates from organs such as the liver, intestine,
and kidneys from the infested fish. Use sterile scalpel blades and
take out samples aseptically.

3.1 Isolation of the

Edwardsiella spp.

• After dissection, homogenize the tissue samples in physiological
saline (0.5% NaCl solution).

• Take homogenate with sterile loop and streak on tryptic soy agar
with 5% sheep blood or xylose lysine deoxycholate agar plate and
then incubate it at 37 °C for 24 h.

• Round or circular or gray or grayish-white pigmentation of
colonies after 24- or 48-h incubation is the characteristic feature
of Edwardsiella spp.

• Examination of the bacterial isolates by phenotypic, biochemi-
cal, and molecular test to identify till species level.
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3.1.1 Isolation of E.

tarda, E. piscicida, and E.

hoshinae Species

• Observed for small punctuate grayish-white colonies appearing
on xylose lysine deoxycholate agar after 24 h of incubation at
37 °C.

• Subculture it on MacConkey agar plates and incubate at 37 °C
for 24 h.

• Subculture all lactose non-fermented colonies on tryptic soy
agar containing 0.5% NaCl and incubate it at 37 °C for 24 h.

• Perform all identification tests using overnight cultures in tryptic
soy agar [12].

3.1.2 Isolation of

Edwardsiella spp.

• Do the wet observation of infected fish (E. ictaluri is suspected).

• Streak the homogenate of tissue samples in trypticase soy agar
with 5% sheep blood (SBA) or brain–heart infusion (BHI) agar
plates and incubate at 26°C for 48 h.

• Subculture the isolate again in the same medium using 48-h
incubated cultures.

• Perform all identification tests using overnight cultures in tryptic
soy agar.

3.2 Preliminary

Identification of

Isolates

• Perform Gram staining and specific biochemical test for basic
identification.

3.2.1 Gram Staining • Ascetically, prepare a uniform smear of bacterial isolate in a clean
glass slide using a drop of sterile water or saline solution.

• Allow it to air-dry and mildly fix it with heat.

• Then add few drops of crystal violet solution and left undis-
turbed for 1 min and wash using distilled water.

• Flood the smear with Gram’s iodine for a minute.

• Then wash gently with distilled water or tap water until the
violet color disappears.

• Decolorize using 95% ethyl alcohol until it runs clear and imme-
diately rinse with water (5–10 s).

• After that add safranin (counterstain) for 45 s and again rinse
with distilled water. Air-dry, blot-dry, and observe under optical
microscope.

3.2.2 Biochemical

Tests [12]

• Detect catalase enzyme using hydrogen peroxide as substrate
which results in water and oxygen.

Catalase Test
• Perform this test using overnight-grown culture in TSA plates.

• Edwardsiella spp. shows catalase positive showing bubble for-
mation in tubes or glass slide.
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Oxidase Test • Do this test to detect the presence of cytochrome oxidase
enzyme in bacterial cell.

• Purple color formation confirms oxidase positive within 10 s on
reaction with 1% aqueous solution of tetramethyl-
phenylenediamine dihydrochloride.

• Edwardsiella spp. shows negative for oxidase test.

Triple Sugar Ion Test • This test indicates the ability of bacteria to ferment lactose,
sucrose, and glucose by producing H2S gas production.

• Edwardsiella spp. shows positive for this test.

Indole Production Test • Add Kovac’s reagent to SIM (sulfur, indole, and motility) media.

• Incubate for 24 h and observe for the deep red coloration.

• Edwardsiella spp. shows positive for this test.

Simmons’ Citrate Test • Grow the bacterial isolate in Simmons’ citrate slant by stabbing
inoculum on the slant surface and incubate at 37°C for a week.

• Then observe for color change. Edwardsiella spp. shows nega-
tive result against this test indicating that it cannot use citrate as
the only carbon source.

Lysine Decarboxylase Test • Inoculate the bacterial isolate in lysine broth and incubate at 37°C
for 4 days.

• Observe after 96 h of incubation. Edwardsiella spp. shows posi-
tive for this test.

• The purple color indicates the decarboxylation ability of isolate
and maintain the alkaline pH of the medium.

3.2.3 Rapid Identification

Using Commercial

API20E Kit

• API20E is a plastic strip containing a set of 21 biochemical tests
forming an identification system for Enterobacteriaceae and
other non-fastidious Gram-negative rods.

• Inoculate the bacterial isolate in microtubule substrate and incu-
bate for identifying it.

• Give numerical values for the color changes of the substrate
reaction (i.e., color changes), as per manufacturer guidelines.

• In total, seven-digit number is obtained for identifying
species [13].
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3.2.4 Molecular

Identification of Isolates

• Isolate the DNA from bacterial strain either manually or using
kit method.

DNA Isolation of

Edwardsiella sp.

Pathogen Strain from

Fishes

• A modified manual method using direct boiled cells method
described by Ram Savan [14].

• Culture 1 mL of pathogenic isolates in the broth and centrifuge
at 5000 × g for 3 min at 25 °C to obtain bacterial cell pellet.

• Boil the pellets at 95 °C for 5 min by resuspending it in 250 μL
of TE buffer (10 mmoL/L Tris–HCl, 1 m mol/L Ethylenedia-
mine tetraacetic acid (EDTA), pH 8.0).

• Again, centrifuge at same condition, and then collect superna-
tant and used it as template DNA.

DNA Extraction Directly

from Spleen

• Dissect out a small part of spleen (20 mg) using sterile scalpel
blade and aseptically transfer to 1.5 mL microcentrifuge tube.

• Extract the DNA using manual method or commercial kit.

• Use DNeasy Blood and Tissue kit from Qiagen and follow the
manufacturer protocol for Gram-negative bacteria.

• Quantify the DNA extract using NanoDrop spectrophotometer.

Identification Using

Conventional PCR Assay

• Prepare PCRmixtures by adding 1 μL of 16S rRNA/EvpP/etfD
(forward; 10 μM), 1 μL EvpP/etfD (reverse; 10 μM) and 20 μL
sterile distilled water.

• Set the PCR cycle to -95 °C for 5 min, and then 30 cycles of
30 s at 95 °C, 30 s at 55 °C, and 10 s at 72 °C and a final
extension at 72 °C for 2 min.

• Determine the amplified products by 1% (w/v) agarose gel
electrophoresis.

• Prepare the agarose gel in TAE (Tris–acetate–EDTA) buffer 1×,
0.04 m M Tris-HCL, 1 mM ethylenediaminetetraacetic acid,
pH 8.0), and 0.06 μg/mL of ethidium bromide for
visualization.

• Observed bands at the range from 400 to 445 base pairs.

• For species-level identification, purify the PCR products or elute
using Qiaquick PCR cleanup kit (Qiagen) following the manu-
facturer protocol and sequence it through Illumina Next gen
sequencer.

• Compare the sequences using BLASTN program from the
National Center for Biotechnology Information [15].



16 Sakthinarenderan Sai et al.

Identification Using

Recombinase Polymerase

Amplification (RPA) Assay

RPA is a rapid, specific, and sensitive assay used for nucleic acid
amplification by recombinase, single-chain binding protein and
DNA polymerase under isothermal condition.

• Use 1 ng/μL concentration of DNA template and add to RPA
reaction mixture.

• RPA reaction mixture consists of 0.42 μM RPA primers, 1×
rehydration buffer, and DNase-free water (commercial kit: Cat.
no. T00001, Jiangsu Qitian gene Biotechnology Co., China).
To this mixture, add the DNA template.

• Leave the reaction undisturbed for 15 min at 39 °C and deter-
mine the amplified products confirmed by agarose gel
electrophoresis method.

• For species-level identification, purify the PCR products or elute
using Qiaquick PCR cleanup kit (Qiagen) following the manu-
facturer protocol and sequence using Illumina Next gen
sequencer.

• Run the sequence using BLASTN program from the National
Center for Biotechnology Information [11].

3.2.5 Identification of

Edwardsiella spp. Isolates

by ELISA

The whole cell protein profiling allows one to detect the strains very
specifically using Immunoassay and ELISA.

• Inoculate overnight cultures of Edwardsiella spp. in tryptone
soy broth (TSB) and incubate for 24 h at 37 °C.

Extraction of Whole Cell

Protein (WCP) • Fix the bacterial culture using 2% formalin and kept at 4 °C for
24 h. And then centrifuge at 2800 rpm for 45 min at 4 °C.

• Discard the supernatant and resuspend the pellet in phosphate
buffer saline (pH 7.2). Again, centrifuge at 5000 rpm for about
15 min.

• After pelleting down, without disturbing them, keep it for soni-
cation at 45 Hz for 10 min.

• After sonication, again centrifuge at 10,000 rpm for 15 min.

• The supernatant is collected and stored at -20 °C until further
analysis. This supernatant is WCP antigen.

Production of Polyclonal

Antibodies in Rabbit

• Inject the WCP antigen to a white rabbit on the hind leg to
produce polyclonal antibodies.

• Inject 150 μg of WCP antigen along with the emulsion of
Freund’s complete adjuvant (FCA), intramuscularly.

• Give booster dose to the rabbit on 14th and 28th days of
immunization.
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• Collect the blood samples from rabbit on 42nd day post immu-
nization and allow to clot at room temperature for 2–3 h.

• Centrifuge clotted blood samples at 5000 rpm for 10 min to
obtain blood serum and store it at -20 °C.

SDS–PAGE (Sodium

Dodecyl Sulfate–

Polyacrylamide Gel

Electrophoresis) Analysis

• Mix the WCP antigen and 2× SDS gel loading buffer in 1:2 ratio
and heat at 100 °C for 5 min.

• Do the electrophoresis of protein sample using 12% separating
gel and 4% stacking gel.

• Allow the gel to run at 120 V until bromophenol blue dye
reaches the bottom of the gel.

• Stain the gel with Coomassie brilliant blue R-250 followed by
destaining.

Western Blotting of WCP

Antigen

After SDS–PAGE, check the reactivity of the rabbit antiserum to
the WCP antigen using Western blot immunoassay.

• Do the electrotransfer of running gel onto a nitrocellulose
membrane (0.45 μm).

• Wash the membrane using distilled water, and block with 5%
skimmed milk powder solution in phosphate buffer (PBS) con-
taining 0.05% Tween 20 and incubate with primary antibody at
37 °C for 1 h.

• Again, wash it using PBS, and then incubate using secondary
antibody (HRP conjugated goat anti-rabbit IgG) at 37 °C for
1 h.

• Finally wash using deionized water, and determine the bound
antibodies by reacting it with 3,3′,5,5′-tetramethylbenzidine
membrane peroxidase substrate.

• Stop the color reaction by rinsing to membrane with deionized
water.

Dot-ELISA for Species

Identification

• Coat the nitrocellulose paper strip with 3 μL of WCP antigen of
Edwardsiella spp. and dry it for hours at room temperature.

• Then block the strip in PBS containing 5% skimmed milk pow-
der at 37 °C for 30 min.

• Incubate for an hour at 37 °C, with primary antibody (1:400
dilutions).

• Again, wash the membrane strip for a few times and incubate
with secondary antibody with same condition for 30 min.

• Further incubate the nitrocellulose paper with anti-bovine com-
plex reagent for 30 min.
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• Finally, incubate with 3-amino-9-ethylcarbazole (AEC) reagent
for 10 min in dark.

• Wash the nitrocellulose membrane strip with distilled water,
air-dry it at room temperature, and detect the blots [16].
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Chapter 3

Methods for Characterizing Flavobacterium in Fish

Yamini Gopi, Sakthinarenderan Sai, Mirunalini Ganesan, and Ravi Mani

Abstract

Bacterial gill disease, rainbow trout fry syndrome, Columnaris disease, and bacterial cold-water disease are
caused by bacteria that are pathogenic to fish. They belong to the Flavobacteriaceae family. They are spotted
with yellow pigmentation in aquatic organisms. These kinds of bacteria are isolated and identified using
techniques such as Gram staining, motility, gliding motility, biochemical tests, and API 20E. It can also be
identified using technical methods by plate count and microscopy. Molecular characterization such as DNA
extraction, polymerase chain reaction (PCR), and phylogenetic analysis is also done to identify the species.

Key words Flavobacteriaceae, Yellow pigmentation, Gram staining, Motility, Gliding motility, Bio-
chemical test, API 20E, Microscope, Plate count, DNA extraction, PCR, Phylogeny

1 Introduction

Flavobacterium spp. inhabiting fresh and marine environments may
produce yellow-pigmented colonies on culture. It is very important
to know the clinical information about bacterial cells to differenti-
ate them into pathogens or saprophytes. Therefore, cells that pro-
duce yellow pigmentation, usually long and thin, adhere to the
surface or epithelium of aquatic species belonging to the family
Flavobacteriaceae [1]. The genus Flavobacterium comprises of
more than 100 species [2]. Most of the Flavobacterium spp. are
Gram-negative, long, slender gliding rods of 4–10 μm and
0.3–0.5 μm wide, strictly aerobic [3], and the colony sizes are
round, convex, rhizoid, and flat, which grow an optimal tempera-
ture of 20–30 �C for most of the species. Among them, many are
pathogenic and causative agents of various diseases in fish. Flavo-
bacterium psychrophilum is the causative agent of rainbow trout fry
syndrome and bacterial cold-water disease [4]. This type of disease
occurs in cold water at 16 �C, with open lesions on the external
surface of the fish. Flavobacterium branchiophilum and Flavobacter-
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ium succinicans are pathogens that cause bacterial gill diseases in
fish [5]. F. johnsoniae, F. hydatis, F. chilense, F. araucananum,
F. oncorhynchi, F. plurextorum, F. tructae, F. piscis, F. collinsii,
F. branchiarum, F. branchiicola, and F. spartansii are other Flavo-
bacterium spp. associated with fish diseases. Flavobacterial diseases
are also pathogenic to amphibians and humans [6]. The isolation
and identification of Flavobacterium spp. are based on morpholog-
ical, biochemical, and molecular characterizations.
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2 Materials

2.1 Isolation of

Flavobacterium spp.

from Fish

• Infected fish.

• Sterile swab.

• Shieh medium.

• Tobramycin.

• Cytophaga agar.

• Neomycin.

• Polymyxin B.

• Petri plates.

• Incubator.

2.2 Staining and

Biochemical Test

• General staining, motility test, and biochemical were carried out
as per standard protocols API20 E Kit.

2.3 Molecular

Identification

• Shieh broth.

• Tobramycin.

• Incubator.

• Lyophilizer.

• Primers:

27F:50-AGAGTTTGATCMTGGCTCAG-30.

1387R:50GGGCGGWGTGTACAAGGC-30 [4].

27F: 50-AGAGTTTGATCMTGGCTCAG-30.

1492R:50-TACGGYTACCTTGTTACGACTT-30 [7].

27F:50- GAGTTTGATCMTGGCTCAG-30.

•

518R:50WTTACCGCGGCTGG-30 [7].

Thermocycler.

• Gel doc.
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3 Methods

3.1 Isolation of

Flavobacterium spp.

from Fish

• Collect the grayish/yellowish spot of bacterial samples from the
head, gill, spleen, liver, and kidneys of fish with skin erosion,
using a sterile swab.

• Streak immediately in Shieh medium supplemented with tobra-
mycin [8] and Cytophaga agar (CA) supplemented with neo-
mycin and polymyxin B to grow only selected bacteria with low
nutrient requirement [9].

• The following media can be used for the isolation of
Flavobacteria:

1. Shieh medium (peptone, 5 g; yeast, 0.5 g; sodium, 0.01 g;
BaCl2(H2O)2, 0.1 g; K2HPO4, 0.1 g; KH2PO4, 0.05 g;
MgSO4.7H2O, 0.3 g; FeSO4.7H2O, 0.001 g; NaHCO3,
0.05 g; tobramycin, 0.5 μg; agar (Dico), 10 g; distilled
water, 1000 mL)

• Add all the chemicals (except tobramycin) to distilled
water and adjust the pH to 7.2.

• Autoclave for 15 min at 121 �C.

• Cool down and add membrane-filtered solution of
tobramycin.

• Mix and pour to Petri dishes and store at 4 �C.

2. Cytophaga agar (cryptone, 5 g; yeast, 5 g; sodium, 2 g; beef
extract, 2 g; agar, 9 g/mL; neomycin, 5 μg/mL; polymy-
cin, 10 U/mL; distilled water, 1000 mL)

• Add all the reagents and adjust the pH to 7.2–7.4.

• Autoclave at 121 �C for 15 min.

• Cool the media and pour to Petri dishes and store at
4 �C.

• Incubate the plates at 25 �C for 48 and 72 h. Check for
yellow pigmentation in the inoculated plates and per-
form Gram staining for primary identification.

4 Identification

4.1 Technical Count • Inoculate the bacterial sample in 1000 μL sterile water and
make the serial dilution up to 103.

4.1.1 Total

Bacterial Count • Spread evenly in the plate and incubate at 25 �C at room
temperature.
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• Count the bacterial colonies by using a felt pen.

• Do calculation by CFU/mL ¼ N � dilution � plate
dilution [10].

4.1.2 Microscopy • Isolate the affected area and take sections of 4 μm thickness and
stain them with hematoxylin and eosin (H&E) and Giemsa, and
then view under light microscopy [11].

4.2 Gram Staining • Perform Gram staining to differentiate bacterial species.

• Make a smear on the slide from the bacterial colony.

• Air-dry it and add crystal violet to the smear and keep at room
temperature for 5 min.

• Rinse the slide under running tap water to remove excess crystal
violet.

• Add Gram’s iodine dye and keep at room temperature for 2 min
and wash with tap water.

• To remove excess nonspecific crystal violet staining, add decol-
orizer over the smear for 30 s and wash with tap water.

• Finally add safranin to the smear for 1 min and wash with tap
water and observe under microscope (magnification, 100 ).

• Gram-positive bacteria retain crystal violet color due to thick
layer of peptidoglycan, and Gram-negative bacteria will appear
in pink or red color due to thin layer of peptidoglycan [12].

4.3 Motility Test • Perform motility test using a wet mount slide.

• Grow the bacterial culture in nutrient broth.

1. Nutrient broth (nutrient agar, 14 g; distilled water, 1000 mL)

• Add the nutrient agar to the distilled water and maintain
the pH 6.8.

• Autoclave it at 121 �C for 15 min.

• Cool down it and store it in 4 �C.

• After the 24-h growth of bacterial culture in nutrient broth,
take 15–20 μL of bacterial culture on the slide.

• Cover the culture with a coverslip.

• View under phase contrast microscope (magnification,
40 ) [1].
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4.4 Gliding Motility

Test

• Perform gliding motility test by hanging drop slide method.

• Take a drop of the 48-h bacterial culture from the nutrient
broth and place it in a clean coverslip.

• Cover the coverslip with a clean depression slide, so that the
concavity of the lens is placed down.

• Turn the depression slide and place under the microscope
(magnification, 40 ) [1].

4.5 Biochemical

Test

1. Catalase test (glass slide, 30% hydrogen peroxide)

• Take a clean glass slide and make a smear of bacterial culture
on it.

• Add 30% hydrogen peroxide onto the bacterial cell.

• Indication of bubbles results in positive reaction [1].

2. Flexirubin pigmentation test (glass slide, 20% KOH)

• Take a clean glass slide and make a smear of bacterial culture
on it.

• Add 20% KOH on it and observe the color immediately.

• The positive result indicates in reddish-purple or brown
color [1].

3. Oxidase test (1% tetramethyl-p-phenylenediamine, filter paper,
light protecting bottle, distilled water)

• Prepare 1% tetramethyl-p-phenylenediamine in distilled
water and cover it with light protecting bottle and store it
in 4 �C.

• Take a filter paper and make a smear of bacterial culture on
it and add oxidase reagent (tetramethyl-p-phenylenedia-
mine) to the bacterial culture.

• Observe the color within 10 s.

• The positive results indicates in purple color [13]

4. Congo red absorption (100 mg Congo red, 100 mL distilled
water)

• Weigh 100 mg of Congo red and add to 100 mL distilled
water.

• Mix well and store it in room temperature.

• Add a few drops of Congo red solution to colonies of
bacterial culture which are growing in cytophaga agar (CA).

• After 2 min rinse with water.

• Observe the color.

• The positive result indicates in red color.
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5. DNase (19.5 g DNase test agar, 1000 mL distilled water)

• Petri dishes.

• 1% HCl.

• Add 19.5 g of DNase test agar to 1000 mL distilled water.

• Autoclave it for 15 min at 121 �C.

• Mix well and pour it to the Petri dishes.

• Streak a bacterial culture onto the plate and incubate it for
72 h at 24 �C.

• To precipitate the DNA, the plate is flooded with 1% HCl.

• Observe the reaction.

• A positive result indicates in clear zone around the bacterial
streak [1].

6. Gelatinase test (1 g peptone, 0.25 g yeast extract, 3.75 g gela-
tin, 1 g NaCl (0.4%), 3.75 g agar, 250 mL distilled water)

• Add the entire reagent to the distilled water and autoclave
for 15 min at 121 �C.

• Pour it to Petri plates and store at 4 �C.

• Inoculate the bacterial culture on the gelatin plate.

• Incubate it for 48 h.

• A positive result indicates a clear or cloudy zone around the
bacterial growth [1].

4.6 API 20E

Commercial

Identification Kit

• The plastic strips have 20 microtubes containing dehydrated
differential media.

• Fill the dirots with water.

• Take the bacterial culture of the colony and make it to 5 mL
with sterile water and homogenize the culture.

• By using sterile transfer pipette, fill each microtube.

• Cover the three wells (CIT, VP, and GEL) with more bacterial
suspension, until the top of the well.

• Fill the five wells (ADH, LDC, ODC, H2S, and URE) with
mineral oil to prevent oxygen from entering.

• Cover it and incubate it for 18 to 24 h at 37 �C.

• Observe the color.

• Add 1 drop of TDA reagent to TDA well and observe the color.

• Add 1 drop of Kovac’s reagent to IND well and observe the
color.

• Add 1 drop of each VP 1 and VP 2 reagent to VP well and wait
for 10 min and observe the color.
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• Note down the results in chart paper and calculate the seven-
digit profile number.

• Look into appropriate database to identify the species [9].

5 Molecular Identification

5.1 DNA Extraction • Inoculate the bacterial culture in Shieh broth with tobramycin
and incubate for 48 to 72 h at 25 �C.

• Take 1.5 mL of bacterial culture and centrifuge for 2 min
(repeat the process until the pellet forms).

• Discard the supernatant.

• Wash the cells with 567 μL TE buffer (10 mM Tris–HCl, pH 8,
1 mm EDTA).

• Add 30 μL of 10% sodium dodecyl sulfate (SDS) and 3 μL of
20 mg/mL of proteinase K.

• Incubate at 37 �C for 1 h.

• After incubation add 100 μL of 5MNaCl (mix thoroughly) and
add 80 μL of hexadecyl trimethyl ammonium bromide (CTAB
reagent).

• Vortex to mix and incubate for 10 min at 65 �C.

• Add equal volume of chloroform/isoamyl alcohol (24:1) v/v
and vortex gently for 20 s.

• Centrifuge it for 5 min at 10,000 rpm.

• Transfer the aqueous, viscous supernatant to the new micro-
centrifuge tube and add equal volume of phenol/chloroform/
isoamyl alcohol (25:24:2) v/v and centrifuge it for 5 min at
10,000 rpm.

• Transfer the supernatant to a fresh tube and add 400 μL o
ice-cold isopropanol and centrifuge it for 5 min at 6500 rpm.

• Use 70% ethanol for the final wash and air-dry it for 5 min at
room temperature.

• Remove the supernatant and dry the pellet by using lyophilizer
and store it or redissolve in 100 μL TE buffer and store at
20 �C [14].

5.2 Polymerase

Chain Reaction (PCR)

• Prepare PCR mixture for 20 μL containing the following:
110 ng of DNA, 0.5 μL of 10 mM dNTPs, 0.6 μL o
1.25 mM MgCl2, 2 μL of 10� buffer solution, 1 μL of each
primer (10 pmol/μL), 5 U Taq polymerase, and Milli-Q water.

• Carry out amplification under the following condition: initial
denaturation at 94 �C for 2 min followed by denaturation at
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94 �C for 30 s, primary annealing at 56 �C for 30 s, extension at
72 �C for 1 min, and then the final extension at 72 �C for
5 min [15].

• Prepare 1.5% agarose gel to analyze the PCR amplicon of 16 s
rRNA and add 5 μg/mL of ethidium bromide (EtBr) as staining
dye for 1 h and visualized under UV transilluminator.

• Approximately band length will be 1500 bp.

5.3 Product

Purification Before

Sequencing

• Take a microfuge and add 25 μL of 95% ethanol and 1 μL of 3M
sodium acetate and adjust the pH to 4.6.

• Add the entire PCR products and place on ice for 10–20 min.

• Centrifuge at 13,000 rpm for 30 min at room temperature and
discard the supernatant.

• To the tube, add 125 μL of 70% ethanol and centrifuge it for
5 min at 13,000 rpm.

• Discard the supernatant and dry the pellet.

• Send the dried product to a sequencing facility [10].

5.4 Sequencing • Sanger sequencing method produces the sequence reads.

5.5 Phylogenetic

Analyzing

• Use MEGA version 4.0 software to analyze the phylogenetic
relationship.

• Export the nucleotide sequence of the bacteria and align it in
BLAST.

• Then retrieve the aligned sequence using neighborhood joining
in MEGA software.

• Identify the phylogeny of the species using p-distance [4].
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Chapter 4

Isolation and Identification of Citrobacter Species

Sakthinarenderan Sai, Ravi Mani, and Mirunalini Ganesan

Abstract

Isolation and identification of pathogenic bacteria is a crucial part of aquatic health management. Identify-
ing the correct pathogenic bacteria at the species level is key to preparing precautionary and disease
management practices. The pathogenic effects of Citrobacter sp. include tail necrosis, hemorrhage, redden-
ing of the body, and lesions in the intestine. They are facultative pathogens that infect wild and cultured fish,
turtles, aquatic mammals, and humans. It is an important threat to the aquaculture industry, leading to the
mass mortality of cultured fish, thereby resulting in economic loss. This chapter discusses various protocols
for their isolation and identification.

Key words Citrobacter, API 20E, PCR assay, Facultative pathogen, C. freundii, C. braakii

1 Introduction

The genusCitrobacter belongs to the Enterobacteriaceae family and
consists of approximately 13 species [1]. Citrobacter is a Gram-
negative, anaerobic bacterium that causes severe damage to the
intestine and hepatopancreas in cultured fish, thereby leading to
mass mortality. They are opportunistic pathogens in various fish,
turtles, and humans [2]. C. freundii and C. braakii are the most
infectious agents among other species of genus Citrobacter, which
causes a great economic loss for the aquaculture industry [3]. Sato
et al. were the first to isolate and describe the pathogenicity of
C. freundii in diseased fish (Mola mola) [4]. Identification of
pathogenic strains infecting fish is important for the control and
prevention of major economic losses in aquaculture. This chapter
deals with the protocol for isolating and identifying the different
identification techniques used for Citrobacter species from
infected fish.

John Thomas and Natarajan Amaresan (eds.), Aquaculture Microbiology, Springer Protocols Handbooks,
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© The Author(s), under exclusive license to Springer Science+Business Media, LLC, part of Springer Nature 2023

29

http://crossmark.crossref.org/dialog/?doi=10.1007/978-1-0716-3032-7_4&domain=pdf
https://doi.org/10.1007/978-1-0716-3032-7_4#DOI


30 Sakthinarenderan Sai et al.

2 Materials

2.1 Isolation of

Citrobacter from

Infected Fish

• Infected fish.

• Needles.

• Dissection kits.

• Petri plates.

• Incubator.

2.2 Staining and

Biochemical Methods

• Refer to standard microbiology laboratory manual.

2.3 Molecular

Identification

• PCR reaction fine chemicals as per standard protocols.

• PCR primer for 16S rRNA, Forward primer: UFF2: 5-
0-GTTGATCATGGCTCAG-30 and Reverse primer: URF2: 50

-GGTTCACTTGTTACGACTT-30.

• Thermocycler.

• Geldoc/transilluminator.

3 Methods

3.1 Fish Sampling • Collect fish with clinical signs of lethargy and anorexia, hemor-
rhage and hyperemia in the mouth, darkened skin color, and
bilateral exophthalmia.

• Sterilize the equipment, such as needles, by spraying them with
70% alcohol and then expose them to the flames directly.

• Sterilize the Petri dishes by autoclaving them for 10–15 min at
121 �C and 1 atm pressure.

• Dissect the liver, spleen, and kidneys from the fish after cleaning
their skin with 75% ethyl alcohol [5].

3.2 Isolation of

Citrobacter

• Homogenize the dissected organs with 2 mL of PBS and cen-
trifuge at 500 rpm for 5 min.

• Discard the supernatant and wash the pellet three times
with PBS.

• Finally, suspend the pellet with 1 mL of sterile PBS.
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3.3 Identification of

Citrobacter Bacteria

• Straight Gram-negative rods, occurring singly and in pairs.

• Usually, motile using a peritrichous flagella.

• Pure culture colonies are opaque, 2–4 mm in diameter, smooth,
and slightly convex and have a grayish color with a bright
surface on TSA plates.

• On blood agar plates, colonies of the isolated bacteria are pink-
violet and about 4 mm in diameter.

• XLD agar colonies are in yellow with an intensive yellow canter
and a surrounding zone of yellow precipitation.

• In addition, the bacteria are motile, O/F fermentative, cyto-
chrome oxidase negative, and catalase positive.

• Based on phenotypic characteristics, the bacterium is identified
as Enterobacteriaceae.

• API 20E (bioMérieux) rapid test kit and VITEK II (bioMér-
ieux, France) further identified the bacteria as Citrobacter braa-
kii with probabilities of 99.9% and 90%, respectively [3, 6].

3.4 Rapid

Identification Using

Commercial API20E Kit

• API20E is a rapid commercial identification kit forming an
identification system for Enterobacteriaceae and other
non-fastidious Gram-negative rods.

• It is a set of 21 biochemical tests consisting of dehydrated
substrate microtubule.

• After inoculation of bacterial suspension in microtubules, the
color changes of the substrate reaction are noted and numerical
value is given to the bacteria, as per the manufacturer guideline.

• Then using a seven-digit number, the species is identified [7].

4 Molecular Identification of Citrobacter sp.

4.1 DNA Isolation Employ heat treatment method and commercial kits to isolate
bacterial DNA. It is a simple, cost-effective, and efficient method
for extraction of bacterial DNA.

1. Use overnight cultures of pathogenic bacteria for extraction of
genomic DNA.

2. Inoculate the cultures in test tubes containing 1 mL of sterile
distilled water and keep in boiling water bath for 10 min.

3. Centrifuge it at 1000 rpm for 5 min. Collect the supernatant
without disturbing pellet.

4. PCR analysis is done for the collected supernatant.

5. Check the DNA concentration using spectrophotometer or
nanodrop.
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4.2 16S rRNA

Sequencing

• Isolate DNA from bacterial plates or directly from the infected
organs of the fish.

• Prepare PCR mixture for 50 μL consisting of 100 ng of geno-
mic DNA, 1 U Taq DNA polymerase, 5 μL of 10� PCR buffer,
1 μL of 50 mM MgCl2, 1 μL of 10 mM dNTPs, and 1 μL of
10 pmol of each primer.

• Set the PCR cycle as follows: initial denaturation for 2 min at
95 �C, denaturation for 30 s at 95 �C (35 cycles), annealing at
52�C for 45 s, and extension for 1.30 min at 72 �C, and final
extension at 72 �C for 7 min.

• Visualize PCR product using agarose gel (1.8%) and ethidium
bromide stain.

• Further sequencing of PCR product is done using Illumina
sequencer or ABI 3730xl capillary sequencer and analyze
using NCBI -BLAST for confirmation of the species [8].

5 Biochemical Characterization (Table 1)

Table 1
Biochemical characterization of different Citrobacter sp.

Results for the following species

C. braakii C. freundii C. gillenii C. werkmanii

Physiological characteristics

Gram stain

Shape Rod Rod Rod Rod

Motility + + + +

Biochemical characteristics

Catalase + + + +

Oxidase + + + +

Glucose (Hugh and Leifson) +

Citrate (Simmons) +

H2S + +

KCN growth +

Methyl red +

Voges–Proskauer + + + Nd
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(continued)

Results for the following species

C. braakii C. freundii C. gillenii C. werkmanii

Nitrate reductase Nd Nd Nd Nd

Gelatinase + + + +

Urease Nd

Lysine decarboxylase + + + Nd

Ornithine decarboxylase + + Nd

Phenylalanine deaminase +

ONPG Nd Nd Nd Nd

Indole + + Nd Nd

Esculin Nd

Gluconate + + Nd

Tartrate + Nd

Glucose (gas) + +

Acids from

Adonitol + +/ Nd

Sorbitol + Nd

Mannitol + Nd

Dulcitol + + + Nd

Arabitol Nd Nd Nd Nd

Glucose

Lactose +

Sucrose Nd

Cellobiose + Nd

Melibiose + + Nd

Raffinose Nd

Xylose Nd

Antibiotic susceptibility [6]

Ampicillin R R R R

Cephalothin R R S Nd

Gentamicin R R R S

Penicillin R R R R
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(continued)

Results for the following species

C. braakii C. freundii C. gillenii C. werkmanii

Tetracycline S S S S

Neomycin S S S M

Carbenicillin R R S Nd

Oxacillin S S S R

Chloramphenicol S S S S

Nitrofurantoin S S S S

Cefuroxime S S S Nd

Cefotaxime S S S Nd

Ciprofloxacin R R R S

Clindamycin R R R R

Erythromycin R R R M

Streptomycin R R R Nd

Imipenem S S S S

Kanamycin R R R S

Piperacillin S S S R

Polymyxin B R R R S

Rifampicin R R R S

Trimethoprim–sulfamethoxazole S S S Nd

+ shows positive result, � shows negative result, +/� undeterminable, Nd not determined, R resistant against the

antibiotic, S susceptible to antibiotic, M medium resistance, NA not available
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Chapter 5

Isolation and Identification of Infectious Salmon Anemia
Virus from Shrimp

Haimanti Mondal, John Thomas, Natrajan Chandrasekaran,
and Amitava Mukherjee

Abstract

Infectious salmon anemia virus (ISAV) is a segmented RNA virus, belonging to the family Orthomyxovir-
idae. This virion causes infectious salmon anemia (ISA) in Atlantic salmon, Salmo salar. It is an infectious
waterborne viral disease caused by Salmon isavirus. They mostly affect fish farming in Chile, Canada,
Scotland, and Norway, causing heavy losses in salmonid aquaculture. The virus has been reported to survive
in seawater which is a major risk for any aquacultural farm industry. Transmission of the virus is mostly
spread by contact with infected fishes or their secretions, or with people handling them. There is no
effective vaccine or treatment currently for ISAV.

Key words ISAV, ISA, Isavirus, Segmented, Salmonid, Aquaculture

1 Introduction

ISAV is an enveloped ssRNA virus that is reported to be closely
associated with influenza viruses [1]. Infectious salmon anemia is
the etiological agent of ISAV. They are placed within the kingdom
Orthornavirae, phylumNegarnaviricota, class Insthoviricetes, order
Articulavirales, family Orthomyxoviridae, and genus Isavirus. The
genome consists of eight -ve sense single-stranded RNA (ssRNA)
segments, coding approximately ten proteins [2].

Aamelfot et al. [3] reported a study on the ISAV mucosal
infections in Atlantic salmon. They showed the early replication in
various mucosal surfaces including gills, pectoral fin, GI tract, and
skin, which are the entry points for the virus. The treatment and
prevention strategies have been only partially effective. Similarly,
Gervais et al. [1] conducted a study on the response of host to ISAV
using single-cell RNA sequencing in an Atlantic salmon cell line.
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They revealed the potential interaction of host–virus at cellular level
which can be explored for increasing the resistance of Atlantic
salmon to ISAV.
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2 Materials

• Shrimp cell line.

• Tissue samples—the hepatopancreas, gills, liver, and heart.

• Shrimp cell culture medium (SCCM) (22 amino acids, 6 vita-
mins, 4 sugars, cholesterol, fetal bovine serum (FBS), 3 antibio-
tics, phenol red, disodium hydrogen phosphate, potassium
dihydrogen phosphate, pH 6.8–7.2).

• Gentamicin (50 μg/mL).

• Eppendorf tubes.

• PCR tubes.

• TRIzol reagent.

• Chloroform.

• Isopropanol.

• 70% ethyl alcohol.

• DEPC water.

• Primer pairs (forward and reverse).

• cDNA synthesis kit.

• Random hexamers (Promega).

• Homogenizer.

• NanoDrop spectrophotometer.

• UV transilluminator.

• Centrifuge.

• Microscope.

3 Methods

3.1 Dissection of

Various Organs

from shrimps infected

with Infectious Salmon

Anemia Virus [4]

• Dissect organs like the liver, hepatopancreas, gills, and heart
from individual shrimp using a scalpel.
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3.2 Isolation of

Infectious Salmon

Anemia Virus from

Cell Lines

• Homogenize each sample using a mortar and pestle.

• Centrifuge the homogenate at 2–5 �C at 2000–4000 rpm for
15 min.

• Collect the supernatant and treat with antibiotic gentamicin
(50 μg/mL) for 4 h at 15 �C or overnight at 4–8 �C.3.2.1 Sample

Preparation

3.2.2 Inoculation on

Cell lines

• Take shrimp cells for primary isolation.

• Grow them in SCCM medium supplemented with 10% fetal
bovine serum (FBS) and 2% (v/v) L-glutamine (200 mM) in
standard concentrations.

• Incubate at 20 �C.

• Inoculate 100 μL/well of 1:50 diluted tissue homogenate of
the shrimp cell line monolayers in well plates.

3.3 Reverse

Transcriptase-

Polymerase Chain

Reaction (RT-PCR) [5]

• Remove a piece of the hepatopancreas and heart from the
shrimp using a sterile scalpel and homogenize with 200 μL of
NTE buffer.

• Centrifuge the samples at 12,000 rpm for 10 min.

3.3.1 Extraction of RNA • Add 250 μL of tissue homogenate with 600 μL TRIzol reagent.

• Incubate for 5 min in 1.5 mL Eppendorf tube.

• Add 200 μL chloroform and vortex it properly.

• Keep it in ice for 15 min or at 20 �C for 5 min.

• Centrifuge at 12,000 rpm, at 4 �C for 20 min.

• Collect the aqueous phase carefully without touching the
interphase.

• Add 400 μL ice-cold isopropanol to the aqueous phase.

• Centrifuge at 12,000 rpm, at 4 �C for 15 min.

• Discard the supernatant and wash the pellet with 200 μL o
ice-cold 70% ethanol.

• Centrifuge at 12,000 rpm, at 4 �C for 10 min.

• Discard the supernatant.

• Suspend the pellet with 40 μL of DEPC-treated water and store
at 20 �C.

• Measure the purity and concentration of extracted RNA using
NanoDrop spectrophotometer.

3.3.2 cDNA Synthesis • Take 4 μL of RNA from 25 μL of total volume.

• Add 2 μL of oligodt primer.
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• Make up the total volume to 20 μL with molecular biology
grade water.

• Denaturation at 25 �C for 5 min and annealing at 42 �C for
60 min, followed by extension at 70 �C for 5 min (one cycle).

3.3.3 RT-PCR Assay [6] • Design the PCR primers, forward primer (FP) (50-CTACACAG
CAGGATGCAGATGT -30) and reverse primer (RP) (5-
0-CAGGATGCCGGAAGTCGAT-30) for ISAV.

• Carry out the amplification with 40 cycles—denaturation at
94 �C for 30 s, annealing at 61 �C for 45 s, extension at 72 �C
for 90 s, and final extension at 72 �C for 10 min.

• Run the electrophoresis on 2% agarose gel.

• Visualize under UV transilluminator at 304 nm.
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Chapter 6

Isolation and Identification of Betanodavirus from Shrimp

Haimanti Mondal, John Thomas, Natrajan Chandrasekaran,
Amitava Mukherjee, and Natarajan Amaresan

Abstract

Nervous necrosis virus (NNV) or Betanodavirus is a positive, single-stranded RNA (ssRNA) virus. It belongs
to the family Nodaviridae. It is an aquatic pathogen that has been reported as hazardous. They are
responsible for causing the disease outbreak in a wide variety of freshwater and marine juvenile as well as
larval shrimp around the world. This virion is deadly affecting approximately 120 species of fishes also across
the globe. They are affected by several factors, like temperature, biological load or UV. They are widely
distributed in a varied range of temperatures in the aquatic environment.

Key words Betanodavirus, Nodaviridae, Hazardous, Outbreak, Biological load

1 Introduction

Betanodavirus is a non-enveloped, positively ssRNA virus with an
icosahedral capsid which ranges from 25 to 34 nm in diameter. It
belongs to the family Nodaviridae. From the last decade, the fish
culture has been hugely impacted by this virus [1]. This disease
causes 100% mortality. It particularly affects the juvenile and larval
stages of freshwater and marine fishes. The Betanodavirus infection
was first reported in Australia in barramundi, Lates calcarifer [1].

Recently, [2] conducted a study on the imported diseased
samples of pearl gentian grouper fry from Thailand. The PCR
analysis showed that the infection gave positive results for NNV.
Similarly, [3] reported a comparative study on the viability of the
NNV virus in high- and low-salinity seawater at different tempera-
tures in culture medium. They revealed that the NNV strains upon
exposure to oxygen and UV in an aquarium accelerated the inacti-
vated infective particles. They showed that with increase in the
incubation temperature, there was decrease in survival of the virus.
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2 Materials

• Tissue samples—the hepatopancreas, gills, liver, and intestine.

• Shrimp cell line.

• Shrimp cell culture medium (SCCM) (22 amino acids, 6 vita-
mins, 4 sugars, cholesterol, Fetal Bovine Serum (FBS), 3 anti-
biotics, phenol red, disodium hydrogen phosphate, potassium
dihydrogen phosphate, pH 6.8–7.2).

• Membrane filter (0.22 μm size).

• Eppendorf tubes.

• PCR tubes.

• Homogenizer.

• Sodium chloride (NaCl).

• Chloroform.

• Isopropanol.

• 70% ethyl alcohol.

• TRIzol reagent.

• DEPC water.

• Primer pairs (forward and reverse).

• RNA easy mini kit (Qiagen).

• cDNA synthesis kit.

• Random hexamers (Promega).

• NanoDrop spectrophotometer.

• UV transilluminator.

• Cooling centrifuge.

3 Methods

3.1 Dissection of

Various Organs from

Shrimp

• Dissect various organs like the liver, hepatopancreas, gills, and
intestine from shrimp using a sterile scalpel.

3.2 Isolation of

Betanodavirus Using

Shrimp Cell Lines

[4–6]

• Homogenize the sample using homogenizer in 5 mL of SCCM
medium without FBS.

• Centrifuge the homogenized tissue at 10,000 rpm at 4 �C for
20 min.

• Filter the suspension through a 0.22 μm size membrane filter.

• Grow the shrimp cell line in SCCMmedium supplemented with
5% FBS.
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• Inoculate the shrimp cell line monolayer with 500 μL of the
collected filtrate and incubate at 27 �C for 1 h.

• Perform the RNA extraction and RT-qPCR.

3.2.1 RNA Extraction • Homogenize 20 mg of hepatopancreas and gills with NTE
buffer.

• Centrifuge at 10,000 rpm for 5 min.

• Collect 150 μL of the supernatant and add 600 μL of TRIzol
reagent and incubate for 5 min.

• Add 200 μL chloroform and vortex it.

• Keep it in ice for 15 min or at 20 �C for 5 min.

• Centrifuge at 12,000 rpm, at 4 �C for 20 min.

• Collect the aqueous phase carefully without touching the
interphase.

• Add 400 μL ice-cold isopropanol to the aqueous phase.

• Centrifuge at 12,000 rpm, at 4 �C for 15 min.

• Discard the supernatant and wash the pellet with 200 μL o
ice-cold 70% ethanol.

• Centrifuge at 12,000 rpm, at 4 �C for 10 min.

• Discard the supernatant.

• Suspend the pellet with 25 μL of DEPC-treated water and store
at 20 �C.

• Measure the purity and concentration of extracted RNA using
NanoDrop spectrophotometer.

3.2.2 cDNA Synthesis • Take 4 μL of RNA from 25 μL of total volume.

• Add 2 μL of oligodt primer.

• Make up the total volume to 20 μL with molecular biology
grade water.

• Denaturation at 25 �C for 5 min and annealing 42 �C for
60 min, followed by extension at 70 �C for 5 min.

3.3 RT-PCR [2, 7] • Design the primer sets for genomic amplification of RNA.

• Use forward primer, F (50-CTT-CCT-GCC-TGA-TCC-AAC-
TG-30), and reverse primer, R (50-GTT-CTG-CTT-TCC-CAC-
CAT-TTG-30).

• Carry out the reaction in a total volume of 25 μL—each primer
(200 nM), RNA template (500 ng), and 1 μL SuperScript III
RT/Platinum Taq Mix (Invitrogen).
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• Carry out the amplification for reverse transcription—pre-dena-
turation at 50 �C for 30 min and denaturation at 94 �C for
2 min, amplification with 30 cycles—denaturation at 94 �C for
30 s, annealing at 60 �C for 30 s, extension at 72 �C for 3 min/
1.5 min, and final extension at 72 �C for 5 min.

• Run the RT-PCR amplicons on agarose gel electrophoresis.

• Visualize under UV transilluminator.
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Chapter 7

Isolation and Identification of Hemorrhagic Septicemia
Virus from Shrimp

Haimanti Mondal, John Thomas, Natrajan Chandrasekaran,
Amitava Mukherjee, and Natarajan Amaresan

Abstract

Viral hemorrhagic septicemia virus (VHSV) is an enveloped,-ve sense single-stranded RNA (ssRNA) virus.
They belong to the family of rhabdoviruses that are responsible for enormous deaths of fishes worldwide. It
causes viral hemorrhagic septicemia (VHS), a deadly pathogenic fish disease, afflicting more than 50 marine
and freshwater fish species around the globe. The mortality of VHSV varies based on various physiological
and environmental factors like stress, temperature, water, rearing condition, fish species, fish age, virus
strain, and so on. Transmission of this infection primarily takes place horizontally through contaminated
water by excreting the virus directly from infected fishes.

Key words Rhabdoviruses, VHSV, VHS, Rearing, Transmission, Pathogenic

1 Introduction

VHSV is a typical bullet or rod-shaped rhabdovirus consisting of
11–12 kb of RNA genome, encoding six proteins in the order
3′-Asn-Pro-Met-Gly-Val-Leu-5′ [1]. It belongs to the orderMono-
negavirales and are placed in the family Rhabdoviridae, and genus
Novirhabdovirus [2]. They enter the host’s cell through endocyto-
sis or fusion. It binds to fibronectin, a glycoprotein through integ-
rin receptor in the extracellular matrix. Originally, it was isolated in
1962 in Denmark from rainbow trout, Oncorhynchus mykiss.

Cieslak et al. [3] conducted a study based on the phylogeny of
VHSV in the European aquaculture. They reported that the life of
the most valuable aquacultural fish in Europe, rainbow trout,
Oncorhynchus mykiss, was threatened by VHSV. Similarly, another
study was conducted by Baillon et al. [1] on the VHSV markers in
rainbow trout, Oncorhynchus mykiss. They displayed that these
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markers have great importance in predicting the in vivo phenotype
of several viral isolates and also in improving prophylactic methods
like developing live-attenuated safe vaccines.
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2 Materials

• Hemolymph, tissue samples—the hepatopancreas, gills, and
heart.

• Eppendorf tubes.

• PCR tubes.

• Shrimp cell culture medium (SCCM) (22 amino acids, 6 vita-
mins, 4 sugars, cholesterol, fetal bovine serum (FBS), 3 antibio-
tics, phenol red, disodium hydrogen phosphate, potassium
dihydrogen phosphate, pH 6.8–7.2).

• Shrimp cell line.

• Gentamicin (1 mg/mL).

• Sodium chloride (NaCl).

• Isopropanol.

• Chloroform.

• 70% ethyl alcohol.

• TRIzol reagent.

• DEPC water.

• Primer pairs (forward and reverse).

• RNA easy mini kit (Qiagen).

• cDNA synthesis kit.

• Random hexamers (Promega).

• Homogenizer.

• NanoDrop spectrophotometer.

• UV transilluminator.

• Centrifuge.

3 Methods

3.1 Dissection of

Organs from

Hemorrhagic

Septicemia Virus [4]

• Dissect organs like the hepatopancreas, gills, and heart from
shrimp using a sterile scalpel.
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3.2 Isolation of

Hemorrhagic

Septicemia Virus Using

Cell Line

• Homogenize the tissue samples completely using a
homogenizer.

• Centrifuge at 2–5 °C at 2000–4000 rpm for 15 min.

• Collect the supernatant and treat with gentamicin (1 mg/mL)
for 4 h at 15 °C or overnight at 4 °C.

3.3 Inoculation of the

Cell Monolayers [5–7]

• Inoculate the supernatant onto confluent monolayers of shrimp
cell line.

• Culture in shrimp cell culture medium (SCCM) with isosmotic
seawater containing 27% salinity supplemented with streptomy-
cin (100 mg/L), penicillin (100 IU/mL), chloramphenicol
(0.06 mg/mL), and N-phenylthiourea (0.2 mM).

• Adjust the osmolarity to 720 ± 10 mOsm/kg.

• Incubate the inoculated monolayer at 25 °C for 7 days.

4 Hemorrhagic Septicemia Virus Identification

4.1 Real-Time

Polymerase Chain

Reaction (RT-PCR)

Detection

• Homogenize 20 mg of hepatopancreas and gills with NTE
buffer.

• Centrifuge at 10,000 rpm for 5 min.

• Collect 150 μL of the supernatant and add 600 μL of TRIzol
reagent and incubate for 5 min.4.1.1 RNA Extraction

• Add 200 μL chloroform and vortex it.

• Keep it in ice for 15 min or at -20 °C for 5 min.

• Centrifuge at 12,000 rpm, at 4 °C for 20 min.

• Collect the aqueous phase carefully without touching the
interphase.

• Add 400 μL ice-cold isopropanol to the aqueous phase.

• Centrifuge at 12,000 rpm, at 4 °C for 15 min.

• Discard the supernatant and wash the pellet with 200 μL o
ice-cold 70% ethanol.

• Centrifuge at 12,000 rpm, at 4 °C for 10 min.

• Discard the supernatant.

• Suspend the pellet with 25 μL of DEPC-treated water and store
at -20 °C.

• Measure the purity and concentration of extracted RNA using
NanoDrop spectrophotometer.
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4.1.2 cDNA Synthesis [8] • Take 4 μL of RNA from 25 μL of total volume.

• Add 2 μL of oligodt primer.

• Make up the total volume to 20 μLwith molecular biology grade
water.

• Denaturation at 25 °C for 5 min and annealing at 42 °C for
60 min, followed by extension at 70 °C for 5 min (one cycle).

4.1.3 RT-PCR [9, 10] • Design the primer pairs, forward primer (FP) (5′-AAA-CTC-
GCA-GGA-TGT-GTG-CGT-CC-3′) and reverse primer
(RP) (5′-TCT-GCG-ATC-TCA-GTC-AGG-ATG-AA-3′) t
carry out RT-PCR.

• Carry out the reaction in a total volume of 25 μL—each primer
(200 nM), RNA template (500 ng), and 1 μL SuperScript III
RT/Platinum Taq Mix (Invitrogen).

• Carry out the amplification with 40 cycles—denaturation at 94 °
C for 30 s, annealing at 60 °C for 30 s, and extension at 72 °C for
45 s followed by final extension stage of 72 °C for 10 min.

• Run the RT-PCR amplicons on agarose gel electrophoresis.

• Visualize under UV transilluminator.

References

1. Baillon L, Mérour E, Cabon J, Louboutin L,
Vigouroux E, Alencar ALF, Cuenca A,
Blanchard Y, Olesen NJ, Panzarin V, Morin T,
Brémont M, Biacchesi S (2020) The viral Hae-
morrhagic Septicaemia virus (VHSV) markers
of virulence in rainbow trout (Oncorhynchus
mykiss). Front Microbiol 11:574231

2. Dietzgen RG, Kondo H, Goodin MM,
Kurath G, Vasilakis N (2017) The familyRhab-
doviridae: mono-and bipartite negative-sense
RNA viruses with diverse genome organization
and common evolutionary origins. Virus Res
227:158–170

3. Cieslak M, Mikkelsen SS, Skall HF, Baud M,
Diserens N, Engelsma MY, Haenen OLM,
Mousakhani S, Panzarin V, Wahli T, Olesen
NJ, Schütze H (2016) Phylogeny of the viral
hemorrhagic septicemia virus in European
aquaculture. PLoS One 11(10):e0164475

4. OIE (2019) Manual of diagnostic tests for
aquatic animals. In: Viral haemorrhagic septi-
caemia. World Organisation for Animal Health
(OIE), Paris

5. Jayesh P, Jose S, Philip R, Singh ISB (2013) A
novel medium for the development of in vitro
cell culture system from Penaeus monodon.
Cytotechnology 65:307–322

6. Ahmadivand S, Soltani M, Mardani K,
Shokrpoor S, Rahmati-Holasoo H,
Mokhtari A, Hasanzadeh R (2016) Isolation
and identification of viral hemorrhagic septice-
mia virus (VHSV) from farmed rainbow trout
(Oncorhynchus mykiss) in Iran. Acta Trop 156:
30–36

7. Zhang W, Li Z, Xiang Y, Jia P, Liu W, Yi M, Jia
K (2019) Isolation and identification of viral
haemorrhagic septicaemia virus (VHSV) isolate
from wild largemouth bass Micropterus sal-
moides in China. J Fish Dis 00:1–10

8. Duesund H, Nylund S, Watanabe K, Ottem
KF, Nylund A (2010) Characterization of a
VHS virus genotype III isolated from rainbow
trout (Oncorhynchus mykiss) at a marine site on
the west coast of Norway. J Virol 7:19

9. Williams K, Blake S, Sweeney A, Singer JT,
Nicholson BL (1999) Multiplex reverse tran-
scriptase PCR assay for simultaneous detection
of three fish viruses. J Clin Microbiol 37(12):
4139–4141

10. OIE (2013) Manual of diagnostic tests for
aquatic animals, 6th edn. World Organisation
for Animal Health (OIE), Paris. http://www.
oie.int/internationalstandard-setting/aquatic-
manual/access-online/

http://www.oie.int/internationalstandard-setting/aquatic-manual/access-online/
http://www.oie.int/internationalstandard-setting/aquatic-manual/access-online/
http://www.oie.int/internationalstandard-setting/aquatic-manual/access-online/


Chapter 8

Isolation and Identification of Pathogens from Fish: Tilapia
Lake Virus (TiLV)

S. R. Saranya, Vernita Priya, A. T. Manishkumar, and R. Sudhakaran

Abstract

Tilapia cultivation is extremely profitable and the industry in India is rapidly expanding. China is the world’s
largest producer of tilapia. Tilapines are disease-resistant fish compared to other fish, especially when it
comes to many infections that target intensively farmed fish. They can still be infected with protozoan
parasites and bacteria. Infectious and toxic etiologies should be considered in investigations of outbreaks of
significant illness in fish. This protocol provides the details of tilapia lake virus, an emerging novel virus that
causes mortality in tilapia species. The tilapine virus is becoming an epidemic that spreads through various
routes in many countries. Therefore, it is necessary to gather knowledge about this deadly virus to prevent
and treat the disease and minimize the economic loss of the country.

Key words Tilapia, Cultivation, Virus, World, Mortality

1 Introduction

The history of fish aquaculture began 3000 years ago with the
simultaneous development of fish virology. Fish culture started in
China with cyprinid fish, and many fish were cultured for food and
ornamental trading, including Nile tilapia from Egyptian tombs.
Viral infection of fish started as early as 1563, with spring viremia of
carp and carp pox. Tilapia species were first identified in Africa and
Middle East. A few decades ago, tilapia became an important
species for aquaculture growth, with a worldwide harvest of eight
million metric tons. Tilapia is now the second largest aqua species
to be cultured after carp. It is a perennial breeder capable of
tolerating water quality and pollution. Although there are different
varieties of farmed tilapia, the most culturable species are Nile
tilapia, Mozambique tilapia, and blue tilapia. Nile tilapia became
famous as “aquatic chicken” by the National Fisheries Develop-
ment Board in 2015 [1].
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Tilapia fishes are susceptible to different diseases, which can be
considered a great economy loss for the country. Diseases occur
upon infection by various pathogens such as viruses, bacteria, fungi,
and protozoa. The common viral infections in tilapia fish include
Betanodavirus, Iridovirus, and herpes-like viruses. Recently, the
emergence of a novel viral pathogen called tilapia lake virus
(TiLV) caused severe mortality in farmed fishes within 10 days of
infection [2].

Tilapia tilapinevirus (TiLV) is the transboundary disease for
Tilapia species which was first discovered in Israel followed by
other countries, namely, Bangladesh, Chinese Taipei, Colombia,
Egypt, Ecuador, India, Indonesia, Malaysia, Mexico, Peru, the
Philippines, Thailand, etc., and also emerging to other countries.

1.1 Tilapia

Lake Virus

Tilapia tilapinevirus (TiLV) is a negative-sense single-stranded
RNA virus of Amnoonviridae family, genus Tilapinevirus, and Tila-
pia tilapinevirus species. The size of the virus is approximately
60–100 nm. TiLV has ten segments with 10,323 kb of total length
and is enclosed within a membrane-bound nucleocapsid [3]. All
segments contained an open reading frame (ORF), but segment
1 had weak sequence homology with the influenza C virus PB1
subunit (Bacharach et al. 2016). No other segments of TiLV have
been found to be homologous to other known viruses [4]; how-
ever, the conserved complementary sequences were found to be
consistent with the genome organization of orthomyxoviruses [3].
The life span of the virus inside the host lasts for 7–10 days. The
host range for this virus is restricted to tilapine species (Sarthoredon
andOreochromis spp. and hybrids). The cohabitation of the infected
fish with other species such as carps and mullets is not susceptible to
this virus. However, recent studies have revealed that the virus can
be transmitted to giant gouramis through cohabitation [5]. The
viral particles of TiLV are sensitive to organic solvents such as ether
and chloroform [4]. TiLV-infected tilapines are shown in Fig. 1.

Fig. 1 TiLV infection in tilapia fish [6]



Isolation and Identification of Pathogens from Fish: Tilapia Lake Virus (TiLV) 51

2 Materials

2.1 Maintenance of

Fish and Reinfection

• Fish.

• Fish tank.

• Aeration unit.

• Tilapia fishes.

• Rice husk powder.

• NTE buffer (50 mM Tris–HCl (pH 7.4); 100 mM NaCl;
0.1 mM EDTA).

• Syringe.

• Mortar and pestle.

• Eppendorf tubes.

2.2 RNA Extraction • TRIzol or RNA isoplus.

• Chloroform.

• Isopropanol.

• Ethanol.

• Eppendorf tubes.

• Cooling centrifuge.

• RNAse-free water.

• NanoDrop.

2.3 cDNA and RT-

PCR

• cDNA conversion kit.

• Thermocycler.

• Taq polymerase.

• Sterile water.

• dNTPs.

• Primers.

• Agarose.

• Electrophoresis tank.

• TBE buffer (90 mM Tris base; 90 mM boric acid; 2 mM
EDTA).

2.4 Diagnosis of TiLV • Primers.

• TiLV fish samples.

• Thermocycler.

• Taq DNA Master Mix.

• Gel electrophoresis.
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• Gel documentation system.

• Real-time thermocycler.

• SYBR Green DNA Master Mix.

• ISH probe—DIG-labeled.

2.5 Morphological

Examination of TiLV

• 10% formalin.

• Hematoxylin and eosin.

• Compound microscope.

• 2% glutaraldehyde.

• 1% osmium tetroxide

• Uranyl acetate and lead citrate.

• Transmission electron microscope.

3 Methods

3.1 Isolation of

Tilapia tilapinevirus

(TiLV)

1. Collect the tilapia fishes from the infected lake where the mass
mortality witnessed or from the fish farms for reinfection
through intraperitoneal injection.

2. Dissect out the infected fishes (n ¼ 5) immediately and pre-
serve in TRIzol at 4 �C for RNA extraction.

3. For reinfection, maintain fishes in the laboratory conditions for
at least 5 days and provide feed twice a day to fishes.

4. Prepare required volume of positive TiLV homogenate from
the infected fish and inject into healthy tilapia fishes
intraperitoneally [7].

5. Monitor the injected fishes daily for the development of clinical
symptoms at least for a period of 5–6 days.

6. Once the symptoms developed, collect the tissue from mori-
bund stage fish and preserve in TRIzol.

3.2 Preparation of

TiLV Homogenate

1. Prepare the homogenate by crushing the fish tissue in mortar
and pestle with 1:10 (w/v) concentrate NTE buffer with
10 mM HEPES (pH 7.4–8.0).

2. Centrifuge the tissue homogenate at 12,000 rpm for 10 min at
4 �C and filter the supernatant through 0.22 μm filter.

3. Freeze-thaw the clear homogenate soup thrice to get bacterial
breakdown.

4. Screen the final soup for TiLV positive by RT-PCR and use it
for reinfection in healthy tilapia fishes.

5. Store the homogenate at 20 �C for further use.
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3.3 RNA Extraction

and RT-PCR

1. Dissect the different organs of TiLV infected fish like the gills,
brain, liver, intestine, muscle, and kidney.

2. Weigh 50–100 mg of the infected fish tissue for total RNA
extraction.

3. Follow the instruction of kit for RNA extraction.

4. Measure the purity and concentration of RNA using
NanoDrop.

5. Use the isolated RNA to synthesize cDNA using cDNA con-
version kit (reverse transcription) method.

6. Perform PCR with the synthesized cDNA as a template, the
primers specific to TiLV virus, and Taq DNA polymerase.

7. Keep the cocktail in the thermal cycler with the following
conditions: 95 �C for 30s, 56 �C for 30s, and 72 �C for 30s
and final elongation at 72 �C for 10 min.

8. Repeat the above conditions for 30–32 cycles.

9. Once the PCR run completed, analyze the samples by agarose
gel electrophoresis.

10. Visualize the results under Gel documentation system as
shown in the diagrammatic representation in Fig. 2.

3.4 Diagnosis of TiLV TiLV-infected tilapines are identified by different diagnosis meth-
ods like reverse transcriptase PCR, nested PCR and semi-nested
PCR, quantitative real-time PCR [7, 8], RT-LAMPmethod, and in
situ hybridization.

3.4.1 Nested PCR 1. To perform nested PCR, design two sets of primers for the
successive PCR reaction.

2. Design the first pair of primer to anneal the sequence above the
second pair of primers.

Fig. 2 Mechanism of reverse transcriptase PCR and gel electrophoresis
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3. Use the reaction mixture resulting from the first PCR as a
template for second PCR reaction which enhances the sensitiv-
ity and specificity of TiLV amplification [9].

3.4.2 Semi-nested PCR 1. To perform semi-nested PCR, two successive PCR reactions
are needed.

2. Proceed with the initial reaction with the external primers of
the particular region (in gene) of TiLV to yield primary
amplicon.

3. Proceed with the successive reaction with either the initial
forward or reverse primer used in the first reaction with an
opposing internal primer within the same region.

4. Use this method for both fresh and preserved TiLV fish
samples [10].

5. This method gives more specific results for the detection of
positive TiLV samples [11].

6. The diagrammatic representation of nested and semi-nested
PCR is shown in Fig. 3 [8].

3.4.3 Quantitative Real-

Time PCR for TiLV

Diagnosis

1. Real-time PCR is considered highly advantageous than other
PCR methods due to its specificity and sensitivity [12].

2. Use this method for simultaneous detection and quantification
of the DNA by measuring the fluorescent reporter.

Target

Target

1st Amplicon

2nd Amplicon

DNA

DNA

Biomarker

Biomarker

Target
DNA

Biomarker

Combined inner & outer primers

Primer 1 temp for 9
cycles and primer 2
temp for 25 cycles

Transfer to 2nd PCR tube
with 2nd “Inner” primers 

Traditional nested PCR Seminested asymmetrical PCR

Fig. 3 Diagrammatic representation of nested PCR and semi-nested PCR assay for the specific diagnosis of
TiLV
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Fig. 4 Mechanism of real-time PCR with SYBR Green dye

3. When the DNA binds with the dye, it emits the light signal at
excitation point as shown in Fig. 4.

4. As PCR product increases, the fluorescent signal increases
which is recorded by the system for the result analysis.

5. Especially, this method is suitable for the detection of the
viruses with its quantitative nature, its scalability, and its rapid
time to result.

6. This method never need gel electrophoresis method of analysis
[13, 14].

3.4.4 RT-LAMP 1. The loop-mediated isothermal amplification (LAMP) assay is
used to detect viral RNA.

2. Two pairs of primers are used in this assay, one pair of inner
primers and one pair of outside primers. These primers were
designed specifically for the reaction.

3. To evaluate viral content, similar approaches rely on the turbid-
ity of the sample, which increases as the amount of genetic
material increases.

4. To amplify and detect the results, agarose gel electrophoresis
method is used.

5. RT-LAMP is more sensitive than standard real-time PCR tests.

6. The results of this assay are more specific with nil false
positivity [15].

7. For detecting more specific TiLV-positive samples, this assay is
used with two different set of primers specific to the particular
region in TiLV [16].

3.4.5 In Situ

Hybridization

In situ hybridization technique is used for the accurate detection
and recognition of nucleic acid sequence within a cell.
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Fig. 5 Clinical signs of TiLV in tilapia fishes [6]

1. Complementary base pairing (hybridization) with a detectable
nucleic acid segment (probe) binds with the nucleic acid
sequence explicitly in a tissue section.

2. In situ hybridization (ISH) technique has three major benefits
of high sensitivity and accurate anatomical localization and
quantification [17].

3.5 Morphological

Examination of TiLV

The preliminary examination of TiLV involves clinical signs by
phenotypic observation. TiLV-infected fish tissue can be examined
for histopathological changes and transmission electron micro-
scope (TEM).

3.5.1 Clinical

Observation

Diseased fish with TiLV has the following morphological changes
which is shown in Fig. 5:

1. Ocular alterations

2. Skin erosions resulting in hemorrhagic dermal lesions (Eyngor
et al., 2014)

3. Discoloration (darkening)

4. Abdominal distension (due to fluid or enlargement of spleen
and other organs)

5. Exophthalmia [18]

6. Gill pallor [19]
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7. Scale protrusion

8. Abnormal behavior [6]

9. Loss of appetite and lethargy [20].

3.5.2 Histology 1. Dissect the organs of the infected fish and preserve in 10%
formalin for 24–36 h.

2. Briefly, dehydrate the specimen, and embed in paraffin to sec-
tion at 5 μm.

3. Stain the thin section with hematoxylin and eosin (H&E).

4. Finally, examine the stained section under light microscope.

5. The pathological changes of TiLV in fish involve the following:

• Necrosis of hepatocytes

• Presence of brown lipoproteinaceous material (ceroid)
within the hepatocytes

• Stomach showing significant loss of gastric glands [19]

3.5.3 Transmission

Electron Microscope

1. Dissect the tissue from the infected fish and preserve it in 2%
glutaraldehyde in a cacodylate buffer.

2. Add 1% osmium tetroxide and resin embedding for ultrathin
sectioning.

3. Stain this thin section with uranyl acetate and lead citrate and
examine with transmission electron microscope (TEM).

4. The electron microscope can visualize multinucleated hepato-
cyte, appearance of viruslike particle within cytoplasm, and
swelling of mitochondria and loss of cristae in the organs of
fish infected with TiLV [19].
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Chapter 9

Isolation and Identification of Pathogens
from Shrimp: IHHNV

V. M. Amrutha, R. Bharath, K. Karthikeyan, R. Vidya, and R. Sudhakaran

Abstract

Aquaculture is the rapidly growing food sector around the globe; seafood is healthier and helps to treat
more diseases. Unfortunately, the viral disease outbreak will result in economic losses and more harm to
aquatic animals. Infectious hypodermal and hematopoietic necrosis virus (IHHNV) is a non-enveloped
single-stranded DNA virus. It belongs to the Parvoviridae family commonly detected in penaeid shrimp
culture, infecting juvenile and post-larvae of giant aquatic shrimps. It causes runt-deformity syndrome
characterized by stunted growth, physical abnormality, and cuticular deformities of the antenna, rostrum,
and thoracic and abdominal area. In this study, we explained the existing procedures to isolate and identify
the presence of IHHNV

Key words IHHNV, DNA extraction, Shrimp, Virus, PCR, Histopathology

1 Introduction

In recent years, the aquaculture industry is expanding considerably.
Aquaculture, also known as aquafarming, is a complete artificial
farming setup for the growth of fish, shrimp, medicinal plants, and
other marine living organisms on land, mostly in tanks and ponds
[1]. Onshore aquaculture is defined as culture that occurs near sea
water handled by humans, inshore aquaculture is defined as culture
that occurs in open water and growth occurs in a naturalistic
environment [2], and offshore aquaculture is defined as culture
that occurs in open water and growth occurs in a natural environ-
ment [3, 4]. Some types of aquaculture, such as shrimp and fish
farming, do additional damage to ocean resources, such as waste
disposal, exotic species, invasion of pathogens in species, and
human demand for fish oil as medicine, which may deplete stocks
[5]. Extensive aquaculture is characterized by the elimination of
predators and the control of rivals; semi-intense aquaculture is
characterized by the increased availability of food; and intensive
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aquaculture is characterized by the provision of all nutritional
requirements [6].
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Aquaculture is fast growing in food supply and medicinal sec-
tor; seafood are healthier and also can fight with diseases like
cardiovascular diseases, cancer, and Alzheimer’s disease and many
other illnesses [7, 8]. In the coming decades, not only should fish
output improve but also food safety and security, and aquatic
organisms should be readily available, affordable, and accessible to
people from all sectors [9, 10]. Flagella, yeasts, bacteria, and fungi
can protect fish from disease while also providing nutrition similar
to fish meal [11, 12]. Pathogenic microbes that will live feed the
larvae stage of fishes will get more microbial infection than adults
[13, 14].

IHHNV (infectious hypodermal and hematopoietic necrosis
virus) is a viral pathogen non-enveloped single-stranded DNA
virus; it belongs to the Parvoviridae family that affects aquatic
creatures such as shrimp and crabs. Because these viruses constitute
a constant threat to aquatic organisms, it is critical to understand
the route of infection and the kind of transmission [15] of these
viruses. In terms of host ranges and virulence, DNA virus has at
least three strains; these strains have a greater host survival rate and
a lower viral burden in the aquaculture setting. IHHNV will spread
horizontally through water content and cannibalism, as well as
vertically from the mother to the fetus [16]. The presence of
IHHNV in shrimp farming was widely seen in post-larvae that is
brought in from wild broodstock. Their clinical sign is a stunted
rostrum that seems twisted to one side and a crooked body; these
deformed shrimps account for 10–20% of the population [17]. This
IHHNV has a moderate growth rate, has a poor survival rate, and is
weak but not fatal. These viruses are found in countries such as
India, Indonesia, Taiwan, etc. and infect species such as P. japonicus
and P. monodon. This virus causes acute epizootics and enormous
mortalities seen in juvenile and post-larvae of penaeid shrimp;
however, L. vannamei growth is reduced and shrimp are small in
size; therefore, there is no death [18]. Infected ectodermal and
mesodermal tissues such as gills, cuticular epithelium, hematopoie-
tic tissues, cord nerve, lymphoid organ, and antennal gland dissem-
inate by crustaceans and vectors as shown in Fig. 1 [19, 20].

2 Materials

2.1 PCR Mixture Tris–HCl, KCl, Triton X, each dNTPS, MgCl2, primers, extracted
DNA, and Taq DNA polymerase.

2.2 Agarose Gel

Preparation

0.8% of agarose is added to TBE buffer.
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Fig. 1 IHHNV-infected shrimp’s growth retardation [21]

2.3 Lamp PCR Template, each primer, DNA polymerase, reaction buffer, dNTPs,
distilled water to make up 50 μL, perform in one reaction tube.

2.4 G.HCl

Preparation

10 mM Tris–HCl, 0.1 mol/L of sodium acetate, 6 mol/L G.HCl,
0.5 M of EDTA.

2.5 TBE Buffer Trizma base, boric acid, EDTA.
Homogenizing sticks, ethanol, hematoxylin and eosin–phlox-

ine, minimum essential medium (MEM), fetal bovine serum, glu-
taraldehyde, sodium chloride, sucrose, Eppendorf.

3 Extraction of IHHNV from Penaid Shrimp

3.1 DNA Extraction • The extraction of DNA is done from extracting 100 mg of
shrimp muscle using guanidine hydrochloride (G.HCl)
method [22].

• 1000 μL of G.HCl in 100 mg of tissue homogenate. Incubate
the sample for 30 min at room temperature. Centrifuge it for
5 min at 5000 rpm.

• Transfer the aqueous solution to fresh microcentrifuge tube and
ethanol same amount. Incubate the sample at room tempera-
ture for 10 min and then centrifuge the sample for 15 min at
10,000 rpm.

• Discard the supernatant and add 95% ethanol 500 μL to the
pellet, and centrifuge it for 10 min at 10,000 rpm.

• Discard the supernatant and add 500 μL of 75% ethanol to the
pellet and then centrifuge it for 10 min at 10,000 rpm.

• Discard the supernatant and air-dry the pellet in room temper-
ature and add 50 μL of sterile water [23].
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Table 1
PCR primer

Product
length

Nucleotide
position

1a PCR 389F 50-CGGAACACAACCCGACTTTA-30 389 bp 1400–1788

389R 50-GGCCAAGACCAAAATACGAA-30 389 bp 1400–1788

1b Real-
time
PCR

IHHNV1608F 50-TAC-TCC-GGA-CAC-CCA-ACC-A-30 – 1632–1664

IHHNV1688R 50-GGC-TCT-GGC-AGC-AAA-GGT-AA-
30

– 1632–1664

TaqMan probe 50-ACC-AGA-CAT-AGA-GCT-ACA-
ATC-CTC-GCC-TAT-TTG-30

– 1632–1664

1c Nested
PCR

IHHNV648F 50-GAACGGCTTTCGTATTTTGG-30 648 bp –

IHHNV648R 50-AGCGTAGGACTTGCCGATTA-30 648 bp –

3.2 Polymerase

Chain Reaction (PCR)

Amplification

• The reaction mixture contains 10 mM of Tris–HCl, 50 mM
KCl, 0.1% Triton X, 200 μM of each dNTPS (dATP, dGTP,
dCTP, and dTTP), 2 mMMgCl2, 0.3 μM of primers (designed
according to sequence which contains IHHNV infection as
shown in Table 1a) [24], 1 μL of extracted DNA, and
0.625 U Taq DNA polymerase, and the final volume should
be 50 μL.

• PCR amplification is performed: denaturation for 5 min at
94 �C for 35 cycles, annealing at 94 �C for 30 s, extension at
55 �C for 30 s, and final extension at 72 �C for 7 min held at
4 �C shown in Table 1a [25].

3.3 Post-PCR

Analysis

• Agarose gel electrophoresis is done to visualize 1.6 kb amplifies
product.

10 μL of PCR sample analyzed on 0.8% of agarose gel mixed
with 0.5� Tris–Borate–EDTA (TBE) buffer and attain with
ethidium bromide.

• Load a marker, positive control, negative control, and sample in
agarose gel; run the gel electrophoresis.

• DNA is negative so it moves to the positive side when electro-
phoresis is done.

• Visualize under gel documentation system if the band is visible
in specific base pair and then samples which are infected by
IHHNV [26].
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3.4 Sequence

Comparison and

Phylogenetic Analysis

• The nucleotide and deduced amino acid sequence of presump-
tive IHHNV DNA is compared to the existing IHHNV
sequence in the National Center for Biotechnology Informa-
tion (NCBI) using BLAST search, indicating that the sequence
is located inside the nonstructural protein coding region of
IHHNV [27].

• Clustal X to execute multiple alignment sequences and MEGA
software can create a phylogenetic tree with the highest
parsimony [28].

3.5 Real-Time PCR • Real-time PCR is a technique used to quantify the nucleic acids
like DNA and RNA presented in the sample during the PCR
reaction, and it is also called quantitative PCR (qPCR).

• IHHNV is detected using PCR primers, and a TaqMan probe
for a specific area of the IHHNV genomic sequence that codes
for nonstructural protein is designed as shown in Table 1b [29].

• The upstream and downstream primer sequences are developed
with IHHNV infection in sequence, and the TaqMan probe
should contain nucleotides from 1632 to 1664 that generate
and label with fluorescent dye.

• 10 ng of DNA template is added to a 25 μL PCR mixture with
0.3 M of upstream and downstream primers and 0.15 M of
TaqMan probe [30].

• The ampliTaq is activated, and denaturation occurs for 10 min
at 95 �C, followed by a 40-cycle response annealing for 15 s at
95 �C and extension for 1 min at 60 �C. The sample is tested in
duplicate and results are considered positive [31].

3.6 Nested PCR It is modification of polymerase chain reaction that reduces non-
specific binding in products due to the amplification of unexpected
primer binding site.

• The primer is considering sequence related to nonstructural
protein; DNA amplification is done by preheating for 3 min at
94 �C and 40-cycle denaturation at 94 �C for 30 s, annealing at
54 �C for 45 s, and extension at 72 �C for 45 s after amplifica-
tion with primer as shown in Table 1c; the amplified fragments
are visualized in agarose gel electrophoresis stained with ethi-
dium bromide [32].

• If IHHNV is transferred vertically through contaminated egg,
we can perform nested PCR by extracting DNA from hemo-
lymph in female shrimp; the IHHNV-positive samples are iden-
tified through nested PCR [33].
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Table 2
LAMP reaction

Primer Type Sequence (50–30) a

IHHNV-F3 F3 CGACATCCGTGTACCAGA

IHHNV-B3 B3 AGAGCGTAGGACTTTCCG

IHHNV-FIP F2-F1c GTCCTTGGAGTACAAGAGTGTTTATGGATCCAATC
TTAGCTTGGATAATCATCGT

IHHNV-BIP B1c-B2 GAAAATCTCTTACCATCGGTGCAGGATCCGAAGGT
GTTTGAGTCTCCT

3.7 LAMP Reaction Loop-mediated isothermal amplification (LAMP) is a single-tube
technique for the amplification of nucleic acids, and it is a low-cost
alternative method to identify certain disease. It is also an isother-
mal amplification technique which can carry out alternative
temperature.

• Forward inner primer (FIP), backward inner primer (BIP), and
two outer primers are created specifically for monoplex LAMP
techniques [34].

• Six different nucleotide sequences are amplified using four dif-
ferent primer target sequences at a constant temperature of
60–65 �C [35].

• To determine the temperature, the sample is incubated at vari-
ous temperatures for 60 min and then terminated at 80 �C for
5 min with primer shown in Table 2, after which the amplified
DNA was 2 μL template, 2 μL of each primers, 2 μL of DNA
polymerase, 5 μL of reaction buffer, 2 μL of dNTPs, and 17 μL
of distilled water to make up 50 μL. It is performed in one
reaction tube exposed to electrophoresis [36].

3.8 Virus Isolation by

Cell Culture

Cell culture is performed by removal of infected tissues from the
infected animals and subsequently allowed to grow in artificial
favorable conditions.

• In a tissue culture container, a single layer of epithelioma papu-
losum cyprinid cells is cultured in minimum essential medium
(MEM) with 10% fetal bovine serum at 20 �C [37].

• An infected tissue is incubated for 1 h at room temperature in a
0.5 mL sample generated from infected shrimp tissues.

• MEMSFBS is added to the medium, and the container is incu-
bated at 20 �C and inspected daily. The EPC cells which are not
infected are retained as a control [38].
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• The virus precipitates from supernates at 4 �C for 90 min with
PEG to final concentration, centrifuge at 3000 g for 15 min at
5 �C, and resuspend in TNE buffer.

• The infected cell is freeze-thawed once and centrifuge at 3000 g
for 15 min at 5 �C.

• This suspension is added to a 60% sucrose solution at 240,000
for 30 min at 5 �C. This tube’s bluish viral band is collected and
kept at 70 �C [39].

3.9 Histopathology Histopathology is the study of tissue disease and it entails studying
tissue under a microscope.

• Shrimp at moribund stage is collected from aquaria and trans-
verse cut made in-between posterior end of cephalothorax and
first abdominal segment the cephalothorax fixed, which is pre-
served in alcohol formalin acetic acid (AFA) [40].

• The specimen is transported to 70% ethanol and embedded in
paraffin blocks after 24–48 h.

• For histological investigation, the sectioned shrimp tissue is
stained with hematoxylin and eosin–phloxine [41].

3.10 In Situ

Hybridization

In situ hybridization is a technique that allows for the detection of a
specific nucleic acid segment from a histologic slice by using a
complementary strand of nucleic acid to which molecules are
bound [42].

• The reporter molecules allow nucleotide sequences to be loca-
lized in a cell population. A 4-m-thick paraffin piece is placed on
a positively charged microscope slide and deparaffinized by
heating it for 45 min at 65 �C [43].

• It is then rehydrated and begins to react with a DIG-labeled
probe, yielding a dark-blue to purple precipitate, indicating the
presence of IHHNV infection [31].

3.11 TEM Analysis The transmission electron microscope (TEM) provides a highly
enlarged image by using an electron particle beam that passes
through the material [44].

• Individual organs, such as the heart, muscle, and hepatopan-
creatic tissues, are fixed using 6% glutaraldehyde, 1% sodium
chloride, and 0.5% sucrose.

• The infected tissue is placed in 1 mL of fixative for 6 h at 4 �C,
after which it is examined under a TEM [45].
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Chapter 10

Isolation and Identification of Ichthyophonus hoferi
from Fishes

Haimanti Mondal, John Thomas, Natrajan Chandrasekaran,
and Amitava Mukherjee

Abstract

Ichthyophonus hoferi is a fish pathogen found commonly in both freshwater and marine fishes. I. hoferi causes
a granulomatous systemic infection, called ichthyophoniasis. There has been a lot of recorded evidence of
this infection resulting into heavy mass mortalities of more than 80 freshwater and marine species, leading
to huge economic losses. This parasite has been reported to produce infections in different species of
marine, freshwater, and estuarine teleosts, adapting a wide range of environmental factors.

Key words Ichthyophonus hoferi, Systemic, Ichthyophoniasis, Granulomatous, Parasite

1 Introduction

Ichthyophonus hoferi is a single-celled protist having an amoeboid
stage and hyphae. The cell wall is made up of chitin. It belongs to
the class Ichthyosporea, order Ichthyophonida, and genus Ichthyo-
phonus [1, 2]. In 1893, von Hofer first identified this parasite from
cultured brook and brown trout in Germany. Later, in 1911, based
on the nature of I. hoferi, it was named and described as a fungus by
Plehn and Mulsow. Ultimately, it was classified under Mesomyce-
tozoea [3, 4].

Zadeh et al. [4] conducted a study on the naturally infected
freshwater. They detected Ichthyophonus hoferi from two ornamen-
tal fishes: black tetra, Gymnocorymbus ternetzi, and tiger barb,
Puntigrus tetrazona. Kocan [5] reported a study on the transmis-
sion life cycle of I. hoferi. They revealed that it is still an important
fish pathogen in both cultured and wild fishes.

John Thomas and Natarajan Amaresan (eds.), Aquaculture Microbiology, Springer Protocols Handbooks,
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2 Materials

• Tissue, kidney, liver, intestine, and spleen samples.

• Petri plates.

• Autoclave bags.

• Eagle’s minimum essential medium (MEM).

• Sabouraud’s dextrose agar (SDA).

• Giemsa stain.

• Trypticase soy agar (TSA) medium.

• Dorset egg medium.

• 10% phosphate-buffered natural formalin.

• Hematoxylin–eosin or periodic acid–Schiff stain.

• DNeasy tissue kit (Qiagen).

• Ethylenediaminetetraacetic acid (EDTA).

• NaCl–Tris–EDTA (NTE) buffer.

• DNA extraction buffer.

• Tris–HCl.

• Absolute ethanol.

• 70% ethanol.

• PCR primers.

• Dissecting needle.

• Sa-Iran camera microscope.

• Centrifuge.

• Speed Vac concentrator.

• Electrophoresis.

• UV transilluminator.

3 Methods

3.1 Isolation of

Ichthyophonus

hoferi [4]

• Take the tissue sample.

• Homogenize the samples in NTE buffer.

• Culture in MEM supplemented with 10% fetal bovine serum
(FBS), streptomycin (100mg/mL), and penicillin (100 IU/mL).3.1.1 Tissue Culture

• Incubate the cultures at 25 °C and examine it daily.

• Prepare the dry smear of tissue after 2 weeks and stain with
Giemsa stain.
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3.1.2 Mycological and

Bacteriological

Examination

• Collect the samples from different organs—the spleen, kidneys,
and liver.

• Cultivate on trypticase soy agar (TSA) medium at 32 °C for
48 h.

Bacteriological

Examination
• Transport the colonies to Dorset egg medium.

• Incubate at 25 °C for 14 days.

Mycological Examination • Take the samples from several internal organs like the liver,
intestine, spleen, and kidney using a sterile dissecting needle.

• Inoculate onto SDA andMEM-10 medium with 1% fetal bovine
serum.

• Incubate the plates and tubes at room temperature for 15 days.

3.2 Identification of

Ichthyophonus hoferi

• Identify the isolates by observing the morphological character-
istics including the multinucleated spores, hyphal growth using
stained preparation, and wet mount microscopical examination.

3.2.1 Microscopic

Examination

3.3 Polymerase

Chain Reaction (PCR)

Detection

• Homogenize 50 mg of tissue sample in 100 μL of DNA extrac-
tion buffer.

• Dissolve the homogenized tissue or pellet in extraction buffer
for 10 min at room temperature.

3.3.1 Extraction of DNA

• Centrifuge at 5000 rpm for 5 min at 4 °C.

• Transfer 600 μL of supernatant in another tube.

• Add two volumes of 100% ethanol to precipitate the DNA.

• Mix the sample properly.

• Centrifuge at 12,000 rpm for 20 min at 4 °C to get the DNA
pellet.

• Pour off the supernatant and wash the pellet with 70% ethanol.

• Dry the ethanol using Speed Vac concentrator.

• Dissolve the DNA in appropriate amount of distilled water or
Tris–EDTA (TE) buffer.

• Store at 4 °C or -20 °C.

3.3.2 PCR Assay [6] • Design the PCR primers—forward primer, Ich7f (5′-GCT
-CTT-AAT-TGA-GTG-TCT-AC-3′), and reverse primer, Ich6r
(5′-CAT-AAG-GTG-CTA-ATG-GTG-TC-3′).

• Prepare the reaction in 25 μL volume containing 1X PCR buffer,
0.2 mM dNTP, 2.5 Mm MgCl2, 25 pmol of each primer, 2 μL
template DNA, and 0.025 U/μL DNA Taq polymerase.
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• Carry out the reaction for 35 cycles—initial denaturation at
95 °C for 3 min, denaturation at 94 °C for 30 s, annealing at
60 °C for 45 s, and extension at 72 °C for 60 s, followed by final
extension at 72 °C for 7 min.

• Run the electrophoresis with PCR products using agarose.

• Visualize under UV transilluminator.
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2. Grau-Bové X, Torruella G, Donachie S, Suga H,
Leonard G, Richards TA, Ruiz-Trillo I (2017)
Dynamics of genomic innovation in the unicel-
lular ancestry of animals. eLife 6:e26036

3. Kocan RM (2013) Proposed changes to the
nomenclature of Ichthyophonus sp. life-stages
and structures. J Parasitol 99:906–909

4. Zadeh MJ, Peyghan R, Manavi SE (2014) The
detection of Ichthyophonus hoferi in naturally
infected fresh water ornamental fishes. J Aquac
Res Dev 5:289

5. Kocan RM (2018) Transmission models for the
fish pathogen Ichthyophonus: synthesis of field
observations and empirical studies. Can J Fish
Aquat Sci 76:636–642

6. Whipps CM, Burton T, Watral VG, St-Hilaire S,
Kent ML (2006) Assessing the accuracy of a
polymerase chain reaction test for ichthyophonus
hoferi in Yukon River Chinook salmon Oncor-
hynchus tshawytscha. Dis Auat Org 68:141–147



Chapter 11

Isolation and Identification of Branchiomyces demigrans
from Fishes

Haimanti Mondal, John Thomas, Natrajan Chandrasekaran,
and Amitava Mukherjee

Abstract

For more than past two decades, aquaculture has been one of the most growing activities around the globe.
Branchiomyces demigrans is one of the common devastating fungal pathogens, threatening several freshwa-
ter fishes and causing mortalities, leading to huge economic losses. The diameter of hyphae of B. demigrans
usually ranges from 13–14 μm to 22–28 μm at the hyphal end. The wall thickness is 0.5–0.7 μm and the
diameter of spore is approximately 12–17 μm. They are found in fishes with low pH, 5.8–6.5, low dissolved
oxygen, and less stress.

Key words Branchiomyces demigrans, Hyphae, Dissolved oxygen, Stress

1 Introduction

B. demigrans is one of the fungal species responsible for causing
branchiomycosis, infecting northern pike, large-mouth bass, striped
bass, and tench. Branchiomycosis is a fungal disease common in
fishes, especially in carp occurring almost all over the world. Some-
times, this pathogenic disease causes gill rot, leading to high mor-
tality in huge populations of freshwater fishes. B. demigrans affects
the entire gill region. The hyphae penetrate the wall of the blood
vessels into the lumen and gill filaments, spreading on the
surface [1].

Khalil et al. [2] reported a study on the Branchiomyces demi-
grans infection in common carp, Cyprinus carpio L., and Nile
tilapia, Oreochromis niloticus, at different areas in Egypt, emphasiz-
ing on the environmental stress factor. They revealed the diameter
of non-septated hyphae and spores. They described other fungal
characteristics and the infection branchiomycosis caused by
B. demigrans.
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2 Materials

• Cotton swab.

• 70% ethyl alcohol.

• Petri plates.

• Autoclave bags.

• Lactophenol blue stain.

• Sabouraud’s dextrose agar (SDA) medium (yeast extract, 5 g;
distilled water, 1 L).

• Antibiotics—cycloheximide (0.5 g), gentamycin (0.65 mL from
40 mg/mL), chloramphenicol capsule (1 250 mg).

• 10% phosphate-buffered natural formalin.

• Eosin and hematoxylin stains.

• Ethylenediaminetetraacetic acid (EDTA).

• NaCl–Tris–EDTA (NTE) buffer.

• DNA extraction buffer.

• Tris–HCl.

• Absolute ethanol.

• PCR primers.

• Chloroform.

• Paraffin wax.

• Light microscope.

• Electrophoresis.

• UV transilluminator.

3 Methods

3.1 Isolation of

Branchiomyces

demigrans [3–5]

• Disinfect the fish tissue samples with a cotton swab and moisten
with 70% ethanol.

• Homogenize the samples with NTE buffer.

• Culture the samples on SDAmedium supplemented with cyclo-
heximide, gentamycin, and chloramphenicol.

• Incubate the plates at 28 �C for 7 days.

• Subculture the colonies at 38 �C for 5 days.

• Stain with lactophenol cotton blue to examine the fungal
growth on a clean slide.

• Observe the shape, color, texture, fungal growth of the colony,
conidium, and spores, and measure the diameter of hyphae.
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3.2 Identification of

Branchiomyces

demigrans [6]

• Mount the slides under light microscope.

• Examine the gills directly.

• Observe the spore characteristics of the Branchiomyces
demigrans.3.2.1 Mycological

Examination

3.2.2 Histopathological

Examination

• Fix the specimen in 10% phosphate-buffered natural formalin
for 24 h.

• Wash it under running tap water.

• Dehydrate through ethanol.

• Clean it with chloroform and embed in paraffin wax at 60 �C.

• Take 5μm sections of the tissue. Stain with eosin and hematox-
ylin stains.

3.2.3 Morphometry

of Gills

• Measure the length and breadth of lamella using a microscale
meter.

• Estimate the number of colony-forming units/gram of weight
(CFU/g) of fungal species.

3.2.4 Molecular

Detection Using

Polymerase Chain

Reaction (PCR)

• Homogenize 50 mg of tissue sample in 100 μL of DNA extrac-
tion buffer.

• Dissolve the homogenized tissue or pellet in extraction buffer
for 10 min at room temperature.

Extraction of DNA
• Centrifuge at 5000 rpm for 5 min at 4 �C.

• Transfer 600 μL of supernatant to another tube.

• Add two volumes of 100% ethanol to precipitate the DNA.

• Mix the sample properly.

• Centrifuge at 12,000 rpm for 20 min at 4 �C to get the DNA
pellet.

• Pour off the supernatant and wash the pellet with 70% ethanol.

• Dry the ethanol using Speed Vac concentrator.

• Dissolve the DNA in appropriate amount of distilled water or
Tris–EDTA (TE) buffer.

• Store at 4 �C or 20 �C.

PCR Assay • Perform the PCR tests to detect the DNA in the samples.

• Design two universal primers, IST1 (50-TCC-GTA-GGT-GAA-
CCT-GCG-G-30) and ISP4 (50-TCC-TCC-GCT-TAT-TGA-
TAT-GC-30), for the fungal amplification.
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• Carry out the reaction for 35 cycles—initial denaturation at
95 �C for 3 min, denaturation at 95 �C for 30 s, annealing at
68 �C for 30 s, and elongation at 72 �C for 30 s, followed by
final elongation at 72 �C for 5 min.

• Run the electrophoresis with PCR products using 2% agarose.

• Visualize under UV transilluminator.
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Chapter 12

Isolation and Identification of Microsporidian Parasites,
Enterocytozoon hepatopenaei Infection of Penaeid Shrimp

K. Karthikeyan, V. M. Amrutha, S. R. Saranya, and R. Sudhakaran

Abstract

In shrimp cultures, the microsporidian parasite Enterocytozoon hepatopenaei infection has become a well-
known disease with a critical need to appeal to the sector. Recently, there have been considerable economic
difficulties in the shrimp farming industry. Early diagnosis and quarantine is the most desirable and current
practice because it does not have an adequate treatment or prophylactic protocol for infection. In recent
days, various molecular-based diagnosis approaches have been reported. In this study, we describe a
molecular-based technique to diagnosing EHP infection in shrimp culture.

Key words EHP, Shrimp, Real-time PCR, Staining, Microscope, Diagnosis

1 Introduction

Aquaculture is the fastest expanding food sector in the world, with
countries all over the world cultivating shrimp and prawns. In Asia,
the genus Penaeus is mostly employed for agriculture. Penaeus
monodon is easy to domesticate in cultivation. Later, P. vannamei
became close to shrimp producers worldwide because it can with-
stand pathogenic circumstances and survive, unusually. White spot
disease (WSD) is a serious pathogen in shrimp farming history, yet
this species has avoided epidemics [1].

A statistical report from the Marine Products Export Develop-
ment Authority (MPEDA) observed remarkable growth in global
shrimp exports after the introduction of this non-native species
[2]. Shrimp cultivation and export have rapidly increased in India.
These activities are often negatively influenced by factors such as
improper management, environmental stress, and different dis-
eases. Various pathogens, such as protozoa, fungi, bacteria, and
viruses, from the natural environment cause significant disease
outbreaks.
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In pond-reared L. vannamei in various parts of India, a disease
caused by a novel microsporidian parasite, Enterocytozoon hepatope-
naei (EHP), has been observed, according to [3]. This parasite was
discovered to be responsible for significant economic loss in the
shrimp culture business by slowing shrimp growth in culture
ponds, and the loss persists to this day [4]. This parasite was
discovered and characterized in 2009 [3], followed by an increase
in the occurrence of microsporidian illness in a number of nations
[5] [6].

2 Materials and Methods

2.1 Isolation of

Microsporidian Spores

from Shrimp

Hepatopancreas and

Fecal Matters [7]

• Carefully dissect the EHP-infected shrimp and retrieve the hepa-
topancreas without disturbing the stomach region to avoid
microbial contaminations. For the extraction of spores from
fecal matter: Collect the feces of EHP-infected shrimp.

• Using 500 μL of dimethyl ether, homogenize the shrimp hepa-
topancreas and fecal matter and continuously vortex the mixture
for 1 min.

• Centrifuged for 5 min at 5000 rpm, then decant the superna-
tant, and save the pellet.

• To wash the pellet, add 500 μL of sterile distilled water and
centrifuge it as described above. Repeat the washing process
twice more.

• Collect the pellet containing partly purified EHP spores and
store it at -80 °C.

2.2 Identification:

Molecular Methods

Total DNA extraction from EHP shrimp tissue using standard
phenol chloroform method:

2.2.1 DNA Extraction • Weigh 100 mg EHP suspect shrimp tissue and add 500 μL of
lysis buffer (50 mMTris–HCl pH 9, 0.1M EDTA pH 8, 50 mM
NaCl, 2% SDS).

• Homogenize it completely and add 5 ug of proteinase K enzyme
and incubate at 55°C for 30 min.

• Subsequently, add equal volume of phenol/chloroform/isoa-
myl alcohol (25:24:1) and centrifuge at 16,000 × g for 5 min.

• Collect the aqueous layer and transfer it into fresh 1.5 mL micro
centrifuge tube.

• Add equal volume of ice-cold 100% ethanol and incubate it at
-80°C/-20°C for 1 h and centrifuge at 16,000 × g for 15 min
at 4 °C.

• Add 500 μL of 70% ethanol and centrifuge at 16,000 × g for
5 min and decant the supernatant and dry the pellet.
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• Resuspend the DNA pellet in sterile water and store at -20 °C
for further analysis.

Conventional Polymerase Chain Reaction: [6, 8].

2.3 Amplification of

EHP Targeted Genome

Will Perform in

Thermal Cycler. The

Standard Conventional

PCR 20 μL Reaction
(Karthikeyan et al.

[10], FTA)

• Add 2 μL of 10× 15 mMMgCl2 buffer into 0.2 mL PCR tubes.

• Add 0.5 to 2.5 U of Taq DNA polymerase (as per manufacture
recommendation).

• 200 μM of each of the four nucleotides (200 μM dNTPs).

• 50–200 μM of each forward and reverse primers.

• Add 10–100 ng of total genomic DNA.

• Make up the volume up to 20 μL by addition of sterile PCR
water.

• Thermal cycler conditions are as follows: initial denaturation at
95 °C for 3–5 min, subsequent 35 cycles of denaturation at 95 °
C for 10–60 s, annealing at 50–65 °C for 5–60 s, extension at
68–72 °C for 20–120 s, and single cycle of final extension at
68–72 °C for 3–10 min.

• Visualize the amplified PCR product by running in agarose gel
electrophoresis and examine it under UV transillumination.

2.4 Quantitative

Polymerase Chain

Reaction [9, 10]

Absolute quantification target EHP genomic DNA estimation
upon the known concentration of EHP DNA:

• Add 12.5 μL of 2× SYBR Green I (user selection preference)
master mix (Taq HS DNA polymerase, dNTP mixture, Mg2+,
RNaseH, and SYBR Green I), 50–200 pmol each forward and
revere primer.

• Add genomic DNA from 10 to 100 ng and 1 μL of serially dilute
EHP plasmid.

• Thermal conditions are initial denaturation at 95 °C for 3 min,
40 cycles of denaturation at 95 °C for 5 s, and annealing/
extension at 60 °C for 30 s (follow manufacture instruction).

• For quantitative analysis, interpret the results according to the
standard curve (known plasmid copies) with unknown samples;
for detection assay, interpret with the cycle threshold values.

2.5 Identification:

Microscopy

Examination

• Fix the sample EHP-infected shrimp hepatopancreas in 10%
formalin.

• Prepare a 3–5 um size section using microtome and clean the
section with distilled water.

2.5.1 Hematoxylin and

Eosin Stain [8] • Immerse section into hematoxylin containing coupling jar for
10 s.

• Remove the excess stain by allowing the slide in running tap
water.
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• Rinse the section with 0.3% acid alcohol until the background
becomes colorless.

• Rinse the slide with running tap water.

• Immerse the section into eosin containing coupling jar for 30 s.

• Rinse the slide with running tap water.

• Dehydrate the section by applying ascending alcohol wash
(50, 70, 80, 95, and 100%).

• Rinse with xylene for three to five times.

• Cover the section using coverslip with suitable mounting
medium.

2.5.2 Modified Trichrome

Stain [11]

• Prepare a smear of purified EHP spores on glass slide and allow
to dry.

• Add drop of absolute methanol on the smear and allow for
5 min.

• Place the glass slide in filtered trichrome stain for 90 min.

• Rinse the excess stain using acid alcohol for not more than 10 s.

• Place the glass slide on 95% and 100% ethanol for 10 min each.

• Place the glass slide on xylene for 10 min.

• Mount with coverslip with suitable mounting medium.

• Examine the EHP spores under oil immersion.

2.5.3 Fluorescent

Staining: Chitin Staining

[12]

• Place a small piece of hepatopancreas on a 0.01% poly-lysine-
coated slide.

• Add 50 μL of 4% paraformaldehyde and 50% Triton (49:1; v/v)
and incubate it for 25 min at room temperature.

• Wash the slide with phosphate-buffered saline (pH 7.0) for three
times.

• Add 50 μL of Fluorescent Brightener 28 (1:1000 dilution;
Sigma, USA) and incubate it for 5 min at room temperature.
Repeat wash step.

• Observe the EHP spores under fluorescent microscope.

2.5.4 Calcofluor White

Stain [13]

• Collect EHP-infected shrimp fecal sample/hepatopancreas and
homogenate with phosphate-buffered saline using plastic homo-
genized sticks.

• Prepare a smear of small portion of homogenates on glass slide.

• Add drop of mixture of Calcofluor white stain and Evans blue
stain and incubate it for 5 min.

• Observe the EHP spores under the fluorescent microscope.
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2.5.5 Transmission

Electron Microscopy (TEM)

[11]

• Place a drop of purified spores on carbon-coated 200 mm grid.

• Add a drop of 2% freshly prepared phosphotungstic acid and let
it dry under hot plate (45 °C).

• Observe the EHP spore ultrastructural details under transmis-
sion electron microscope.
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Chapter 13

Methods for Isolating and Identifying Probiotic Bacteria
from Fishes

Mahalakshmi S. Patil, Raghu Ram Achar , and Ann Catherine Archer

Abstract

The growing industry of aquaculture is often faced with challenges of increased production leading to
several bacterial and viral diseases in the fish. Antibiotics and chemicals are commonly used to prevent and
control diseases. However, injudicious use of antibiotics has led to a serious threat of antibiotic resistance
spread in the fish consequently resulting in the transfer of resistance genes from pathogens to other
microflora. To keep up with the increasing demand of the food industry and safeguard the health of
humans, fish, and the environment, probiotics are considered as a safer and environment-friendly alterna-
tive. As marine and freshwater fish species share an intricate relationship with their environment, the
microbiota of fish differ from species to species and thus require robust probiotic strains to target specific
species and disease pathogens. Isolating probiotic bacteria from the host environment is ideal as they possess
the abilities to adapt and colonize in the host and confer beneficial effects. This chapter outlines the
methods for the isolation of potential probiotic microorganisms and techniques used for their
identification.

Key words Probiotics, Probiotic bacteria, Lactic acid bacteria, Aquaculture, Fingerprinting, RAPD,
16S rRNA gene sequencing

1 Introduction

1.1 Probiotics and

Probiotic Bacteria

Probiotics are defined as “live microorganisms when consumed in
adequate amounts confer a health benefit on the host” [1]. The
term “probiotic” meaning “for life” is derived from the Greek
words “pro” and “bios.” The concept of probiotic was first pro-
posed by Élie Metchnikoff when he observed that consumption of
fermented milk reduced putrefactive microorganisms and pro-
moted health and well-being. Nowadays, probiotics are used as
prophylactic, therapeutic, and growth supplements for both
human and animal health [2]. Probiotics have a beneficial effect
through various mechanisms including competitive exclusion of
pathogens, pathogen inhibition, production of enzymes, modula-
tion of immune system and gut microbiota, and improving
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digestion [3, 4]. Commonly studied probiotic microorganisms
include lactic acid bacteria (LAB), Bacillus spp., and even some
species of yeast. LAB are the most widely studied bacteria as pro-
biotics due to their long history of use in fermented foods and
safety [5]. LAB are also naturally present in the gastrointestinal
tract of humans, animals, and fishes. Being commensal residents
of the gut, LAB have the ability to tolerate the acidic and bile
conditions of the gut, reduce pH by production of lactic acid, and
prevent colonization of pathogens [6].
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1.2 Need for

Probiotics in Fisheries

Aquaculture is a rapidly growing industry particularly in the devel-
oping nations due to the rising population, demand for healthy
protein sources, and decline of fishes in inland sources [3, 7]. With
the industry geared to meet the ever-increasing needs of food
insecurity and malnutrition, the burden of fish farming leads to
increased disease susceptibility and spoilage of catch. While healthy
animal husbandry methods can reduce the disease burden, other
biocontrol agents such as chemicals and antibiotics are used for
prevention and disease control [8]. However, use of chemicals and
antibiotics poses potential health risks for consumers and environ-
ment as they can bioaccumulate in the fish, remain as residue in
tissues, andmore importantly cause problem of antibiotic resistance
[9–11]. As antibiotic-resistant genes can be horizontally transferred
to other bacteria, it is essential to adopt measures to curb the spread
of resistance and safeguard the health of fish, humans, and the
environment [12]. Probiotics are being extensively investigated as
safe and eco-friendly alternative to improve production, extend
shelf life, and mitigate disease problems in the aquaculture sector
[13–16].

1.3 Isolation of

Probiotics

In the past, probiotics for aquaculture were mainly derived and
adapted from human and terrestrial animals ignorant of the fact
that the physiology of aquatic species is significantly different and
their relation with the environment is much more intricate
[17]. For aquaculture applications, probiotics are generally isolated
from microbiota both indigenous and exogenous microbiota of
aquatic animals. While Gram-negative bacteria like Vibrio and Pseu-
domonas dominate the indigenous flora of marine fish, genera
Aeromonas, Bacteroides, Fusobacterium, and Eubacterium are pres-
ent in freshwater species. LAB are found to be subdominant in
fishes [18]. Thus, probiotic bacteria isolated from host fish of
interest are likely to adapt and fare better than their terrestrial
counterparts. Also, probiotic effects are strain specific. Hence, rig-
orous screening of indigenous isolates is essential to select a poten-
tial isolate for probiotic application. Initial screening using in vitro
methods is ideal for isolating and identifying a potential strain
although further tests are required to prove its beneficial effects.
Apart from LAB and Bacillus, other genera of bacteria including
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Aeromonas, Arthrobacter, Clostridium, Bifidobacterium, Paeniba-
cillus, Pseudomonas,Roseobacter,Rhodosporidium, Streptomyces, and
Vibrio, microalgae, and yeast are also used as probiotics for aqua-
culture. The methods used for the isolation of probiotic bacteria are
outlined in this chapter. Since isolation is always accompanied by
identification of the isolate, methods for identification are also
described.
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2 Materials

2.1 Media

Composition

2.1.1 Lactobacillus

deMan, Rogosa, and

Sharpe Agar (MRS):

Protease peptone 10.000

Peptone bacteriological 10.000

Yeast extract powder 5.000

Dextrose (Glucose) 20.000

Polysorbate 80 (Tween 80) 1.000

Ammonium citrate 2.000

Sodium acetate 5.000

Magnesium sulfate 0.100

Manganese sulfate 0.050

Dipotassium hydrogen phosphate 2.000

Agar 12.000

Final pH (at 25 °C) 6.5 ± 0.2

2.1.2 Tryptic Soy Agar

Tryptone 17.000

Soy peptone 3.000

Sodium chloride 5.000

Dextrose (glucose) 2.500

Dipotassium hydrogen phosphate 2.500

Agar 15.000

Final pH (at 25 °C) 7.3 ± 0.2
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2.1.3 Nutrient Agar Ingredients Grams/liter

Peptone 5.000

Sodium chloride 5.000

HM peptone B# 1.500

Yeast extract 1.500

Agar 15.000

Final pH (at 25 °C) 7.4 ± 0.2

2.1.4 Miller Luria Bertani

Broth

Tryptone 10.000

Yeast extract 5.000

Sodium chloride 10.000

Final pH (at 25 °C) 7.5 ± 0.2

2.1.5 Zobell Marine Agar

Peptone 5.000

Yeast extract 1.000

Ferric citrate 0.100

Sodium chloride 19.450

Magnesium chloride 8.800

Sodium sulfate 3.240

Calcium chloride 1.800

Potassium chloride 0.550

Sodium bicarbonate 0.160

Potassium chloride 0.080

Strontium chloride 0.034

Boric acid 0.022

Sodium silicate 0.004

Sodium fluorate 0.0024

Ammonium nitrate 0.0016

Disodium phosphate 0.008

Agar 15.000

Final pH (at 25 °C) 7.6 ± 0.2
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2.2 Fine Chemicals Saline (0.85%), phosphate buffer solution (PBS pH—7.4), peptone
water (1%), glycerol, ethanol (70%), ultrapure water, chloride
(10%), clove oil, ethyl alcohol, 2-phenoxyethanol, ethyl
p-aminobenzoate, tricaine methane sulfonate, bromocresol purple,
sodium chloride (NaCl), benzalkonium chloride (0.1%), hydrogen
peroxide, crystal violet, Gram’s iodine, Gram’s decolorizer,
safranin.

2.3 Molecular

Biology Reagents

Tris–EDTA buffer (TE buffer), lysozyme, proteinase K, sodium
dodecyl sulfate (SDS), Tris-saturated phenol, chloroform, sodium
acetate, absolute ethanol, agarose, Tris–acetic acid–EDTA (TAE)
buffer, ethidium bromide, 6× gel loading dye, 10 Kb DNA ladder,
PCR buffer, MgCl2, dNTPs, Taq DNA polymerase, nuclease-free
water.

3 Methodology

3.1 Sample

Collection

1. Harvest fishes from freshwater (streams, rivers, ponds, and
lakes) and marine water (oceans and seas) by professional fish-
eries through netting, dredging, trawl netting, drift netting,
harpooning, basket traps, hooks and baits, dip net, and seine
net [19, 20].

• Fish sample include freshwater and marine water species,
namely, Tilapia species (second most farmed fish species world-
wide), anchovy fish (dried and salted), grouper and loach, shell-
fish samples (prawn, shrimp, crap, conch), mullet, carp, white
bream, goby, rainbow trout, Sheedal, sea bass, red paree, African
nightcrawler, Budu (fermented fish), Channa striata, Puntius
filamentous, Oreochromis mossambicus, Rasbora daniconius,
Ballan wrasse, white seabream, Peter’s fish, European conger,
red scorpionfish, gray mullet, zebra sea bream, longfin gurnard,
dream fish, small-spotted catshark, triggerfish, cuckoo wrasse,
carp rohu, Labeo rohita, wild-caught mullets (Mugil cephalus,
Chelon ramada, Chelon labrosus, Chelon saliens), barramundi
fish, Scorpis violacea, Barbonymus gonionotus, Girella mela-
nichthys, and Cyprinus carpio.

2.

1.

The harvested fish are pre-treated to remove surface contami-
nation by either of the two methods mentioned below:

Collect the fish from freshwater and marine water and sub-
ject to surface (body) wash by benzalkonium chloride (0.1%
for 1 min), followed by anesthetization using ethyl-p-ami-
nobenzoate (0.04 g), clove oil, and ethyl alcohol diluted in
water (to reduce concentration) or by dipping in tricaine
methanesulfonate/sharp blow on fish head and isolation is
carried out [21–23].
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1. Introduce the fish into indoor acclimatization with regular
maintenance and feed plant-based or basal diet
(composition—fish meal, soybean meal, ground corn,
wheat flower, vegetable oil, cod liver oil, dicalcium phos-
phate, gluten, corn starch, canola oil, carboxymethyl cellu-
lose, α-starch, mineral mix, vitamin mix) in the form of pellet
twice daily and keep under observation.

2. Prior to isolation, conduct a starvation period for 48 h and
kill either by injecting or dipping in above mentioned
organic solvents [24, 25].

3.2 Isolation 1. Sacrifice the fish and dissect aseptically with sterile scissors/
tweezers required parts such as the stomach, liver, kidney, gills,
skin, gonads, and gut. Homogenize in sterile saline/PBS
buffer (pH 7.4)/1% peptone water. Prominently, fish gut
(intestine) is preferred for isolation.

3.2.1 Serial Dilution and

Plating (Fig. 1) [26–29]

2. Prepare test tubes containing 9 mL of saline/PBS/peptone
water with cotton plugs and autoclave at 121 °C for 20 min.

3. Add 1 mL of the homogenized sample to the first tube labeled
10-1. Mix well and transfer 1 mL of aliquot from the first tube
to the second tube labeled 10-2.

Fig. 1 Serial dilution and plating method for isolation of probiotic bacteria
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4. Repeat the dilution serially to subsequent tubes up to 10-7 or
10-9 or as desired.

5. Add 0.1 mL aliquot from any of the desired dilution and pour
plate on MRS/TSA/NA/LB/ZMA agar. The agar medium is
chosen based on the species you wish to isolate.

6. Agar media can be supplemented with indicators such as bro-
mocresol purple or sodium chloride (1–2%). Bromocresol pur-
ple is used to indicate colonies of LAB. Sodium chloride is
added to marine fish samples to mimic the marine water
conditions.

7. Incubate the petri plates at 25–30 °C for 24–72 h and observe
the growth of colonies, and calculate the colony-forming units
using the following formula:

CFU=ML=
Total no:of colonies×dilution factor

Volume of sample plated

Observation: Pinpoint colonies with different colony
characteristics can be selected, picked, and cultured in preferred
liquid media for further characterization.

Plates containing bromocresol purple will show yellow
coloration around the colonies due to acid production indica-
tive of LAB.

3.2.2 Purification of

Isolates

1. Overnight grown cultures in broth are streaked onto
MRS/TSA/NA/LB agar plates to obtain isolated purified
cultures.

2. Pick single colony from the streak plate and culture in respec-
tive broth.

3. Prepare glycerol stock by adding pure culture with 40% glycerol
in 1:1 ratio in an Eppendorf tube and store at -20 °C.

3.3 Preliminary

Identification

Tests [30]

1. Gram’s staining: Perform Gram’s staining to determine
whether the isolate is Gram positive or Gram negative.

(a) Briefly, smear a loopful of culture on a clean slide and heat
fix. Flood the smear with primary stain crystal violet and
keep for 1 min.

(b) Wash with tap water. Add Gram’s iodine for 1 min fol-
lowed by decolorizer for 30 s. Finally, stain with safranin
(counterstain) for 45 s.

(c) Wash the stain off with water, dry the slide, and observe
under the microscope.

(d) Cells appearing blue or purple in color are Gram positive,
while cells stained pink are Gram negative.

(e) Morphology of the cells (cocci/bacilli/streptococci/coc-
cobacillus, etc.) is recorded.
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2. Catalase test: Catalase test is performed to test the ability of the
isolate to break down hydrogen peroxide by producing catalase
enzyme.

(a) Add few drops of hydrogen peroxide (H2O2) to a loopful
of culture on a clean glass slide.

(b) Release of effervescence indicates catalase-positive reac-
tion, while no effervescence is catalase-negative.

Note: LAB are Gram-positive and catalase-negative organ-
isms, while Bacillus spp. are Gram-positive and catalase-
positive.

3.4 Phenotypic

Characterization

[31–34]

Bacterial isolates are grown at different physiological conditions
such as temperature, pH, and salt concentrations and in the pres-
ence of different sugars for preliminary identification of the isolates
to the genera and species level.

3.4.1 Growth of Bacterial

Isolates at Different

Temperatures

1. Freshly prepare MRS/TS/LB broth in a test tube (5 mL) with
cotton plug and sterilize.

2. Inoculate 1% overnight grown cultures in test tubes and place
them at different temperature for 24–48 h to observe the
growth.

3. Observation: The growth is represented as follows:

1. +/- = indicates no growth

2. + = indicates growth

3. ++ = indicates good growth

4. +++ = indicates luxuriant growth
(applicable for all physiological and biochemical tests)

3.4.2 Growth of Bacterial

Isolates at Different pH

1. Freshly prepare MRS/TS/LB medium and adjust the pH to
either acidic or basic using pH meter.

2. For broth of acidic pH, adjust the broth to acidic pH 2 and 3 by
adding concentrated HCl, and handle by wearing gloves, eye
protector, and mask.

3. To prepare broth of basic pH, dilute NaOH pellets in water and
then add the dilute solvent dropwise to bring the broth to basic
pH 7 and 9.

4. Inoculate 1% of overnight grown culture in pH (acidic or basic)
broth and incubate for 24–48 h at 25–30 °C in an incubator.
Note down the results thereafter.

3.4.3 Growth of Bacterial

Isolates at Different Salt

Concentrations

1. Supplement the MRS with different salt concentrations and
keep for sterilization.

2. Subculture the isolates and incubate at 37 °C for 24 h.



Methods for Isolating and Identifying Probiotic Bacteria from Fishes 93

3. Inoculate 50 μL of culture in sterilized test tubes containing
broth with addition of NaCl at different concentrations (can
range between 4% and 6.5% depending on the organism of
interest) and incubate for 24 h at 25–30 °C in an incubator
and results are to be noted.

3.4.4 Sugar

Fermentation Test

This test is mainly carried out for LAB isolates as they show varied
utilization of sugars depending on their fermentation abilities.

1. Supplement MRS broth with different sugars (1%) and phenol
red indicator. Place Durham’s tube in an inverted position in
the test tube and sterilize.

2. Inoculate 1% of overnight grown culture into the sterile broth
and incubate for 24–48 h at 25–30 °C.

3. Observation: The isolates are differentiated as homofermenta-
tive (acid production—change in color from red to yellow)
or heterofermentative (acid and gas production—change
in color from red to yellow and gas bubble formation
in Durham’s tube).

4. The results of all the tests will be tabulated as given in Table 1.

3.5 Molecular

Identification

Physiological and biochemical tests help in tentative identification
of the isolates. However, their accurate identification at the species
level requires the use of molecular techniques. DNA is isolated
from the pure cultures of bacterial isolates which is subsequently
used as template for subsequent identification by PCR (polymerase
chain reaction) methods.

3.5.1 Total DNA

Isolation [35]

Phenol/chloroform method is in practice to extract genomic DNA
from bacterial suspension.

1. Centrifuge overnight grown culture (1 mL) at 8000 rpm for
10 min at 4 °C.

2. Pellet and supernatant separation are found after
centrifugation.

3. Discard the supernatant and suspend the pellet by adding
500 μL of 1× TE buffer and 30 μL of lysozyme, recommended
to mix thoroughly, and incubate in water bath for 1 h at 37 °C.

Table 1
Physiological tests of the isolates

Sl. no Isolates Temperature (°C) pH Salt concentrations Fermentation test

01 Isolate-1

02 Isolate-2

03 Isolate-3
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4. Add 15 μL of proteinase K and SDS (20%) gently to get a clear
solution and incubate in water bath for 30 min at 55 °C.

5. Add Tris-saturated phenol (250 μL) and centrifuge at
8000 rpm for 15 min at 4 °C.

6. Observe phase separation at this step and collect upper aqueous
phase carefully without dragging the sediment.

7. After phase separation, mix chloroform (400 μL) to upper
aqueous phase and centrifuge at 10,000 rpm for 15 min at
4 °C.

8. Carefully collect the aqueous phase and mix it with 15 μL of
sodium acetate (3 M) in addition to 400 μL of cold absolute
alcohol and incubate for DNA precipitation.

9. Overnight incubate the DNA sample at 4 °C and centrifuge the
next day at 10,000 rpm for 10 min at 4 °C.

10. Discard the supernatant and wash the pellet by adding 70%
absolute alcohol (50 μL) and centrifuge at 10,000 rpm for
10 min at 4 °C.

11. Obtain the pellet and air-dry for 5–10 min at 30–37 °C,
suspend the pellet in 50 μL of nuclease-free water or TE buffer
and store at -20 °C.

12. Quality of DNA is checked by agarose gel electrophoresis.

3.5.2 Agarose Gel

Electrophoresis

1. Dissolve 0.8% of agarose in Tris–acetic acid (TAE buffer) and
homogenize in microwave oven, and allow to cool at 50 °C.

2. Pour the agarose into the casting tray, seal with adhesive tape,
and place the comb to make wells.

3. Place the casting tray to electrophoresis tank containing 1×
TAE buffer.

4. Load DNA sample (4 μL) with 2 μL of 6× gel loading
(tracking) dye.

5. Run the gel at 80 V till tracking dye reaches to three fourths of
the gel.

6. Stain the gel by immersing in a container containing ethidium
bromide solution.

7. Visualize the bands in a UV transilluminator.

8. Band observed below the well of the gel indicates the presence
of DNA. Thick and intact bands indicate quality and quantity
of the DNA obtained.

9. Document the results in a gel documentation system or by
taking images under UV illumination.
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3.5.3 Random Amplified

Polymorphic DNA (RAPD-

PCR)

RAPD is a PCR-based technique used to differentiate between
species and strains. It is generally used as a fingerprinting tool in
identification of isolates. Universal primers such as M13 can be
used for RAPD PCR [36].

1. Prepare a PCR reaction mixture (25 μL) consisting of
50 ng/μL of DNA as template, 10 pmol of forward and reverse
primer each, 10× PCR buffer, 2.5 mM MgCl2, 0.2 mM
dNTPs, and 0.5 U Taq DNA polymerase.

2. Add the reaction mixture to 0.2 mL PCR tubes, mix well, and
spin down the samples in a microcentrifuge.

3. Place the tubes in a thermal cycler and set the program as
follows: initial denaturation at 95 °C for 5 min followed by
35–40 cycles of denaturation at 95 °C for 1 min, annealing at
appropriate temperature (to be decided based on the primer
chosen) for 1 min, and extension at 72 °C for 2 min, followed
by final extension at 72 °C for 10 min.

4. Observe the amplified product by agarose gel electrophoresis
using 1.8% agarose gel. Run the samples alongside a 10 Kb
DNA ladder. Document the results.

5. Observe the presence of multiple bands in each lane and com-
pare between isolates for similar or different banding patterns
(Fig. 2a).

3.5.4 16S rRNA Gene

Sequencing [37]

16S rRNA gene sequencing is in practice to identify the unidenti-
fied bacteria at a species level and genus level and differentiate
between closely related bacterial species. Amplification of 16S
rRNA gene is done by using universal primers: 27F and 1492R.

Fig. 2 Agarose gel image of RAPD PCR of LAB isolates (a). Lane 1 is DNA ladder, and Lanes 2–9 are banding
patterns (fingerprint) obtained from amplified DNA samples of LAB isolates. (b) 16s rRNA gene PCR of LAB
isolates. The amplicon size is 1500 bp corresponding to the DNA ladder (Unpublished data of Ann Catherine
Archer)
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1. Prepare the PCR reaction mixture as mentioned in Subheading
3.5.3 with 16S primers. Load the samples in a thermal cycler
with the same program as mentioned in Subheading 3.5.3. The
annealing temperature is fixed based on the choice of primer.

2. Run the amplified products on 1% agarose gel at 80 V and
visualize the band corresponding to the expected product size
of the amplicon (Fig. 2b).

3. Excise the band and send it for sequencing. Subject the
sequence to BLAST search (https://blast.ncbi.nlm.nih.gov).
Hits of 98–100% identity are considered for species
identification.

Acknowledgments

The authors wish to express their sincere gratitude to the autho-
rities at JSS Academy of Higher Education&Research, Mysuru, for
extending necessary support and facilities. ACA gratefully acknowl-
edges the DBT Wellcome Trust India Alliance for grant of Early
Career Fellowship (IA/E/20/1/505689). MSP acknowledges the
support of Karnataka Govt. for OBC fellowship (OBC-10/PhD/
CR-04/2021-22).

References

1. FAO/WHO (2001) Report of a joint FAO/-
WHO expert consultation on evaluation of
health and nutritional properties of probiotics
in food including powder milk with live lactic
acid bacteria. Córdoba, Argentina
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Chapter 14

Isolation of Probiotic Bacteria from Gut of the Aquatic
Animals

S. Vidhya Hindu and John Thomas

Abstract

Intestinal probiotic bacteria have a constant and dynamic impact on the gut and systemic immune systems
of the host when taken in adequate proportions. When probiotic microorganisms are provided in functional
food, they can provide health advantages. Probiotics may provide health benefits such as immune system
modulation and antibacterial, anticancer, and antimutagenic properties. Probiotic bacteria can be isolated
and characterized from the intestines of aquatic animals. In this chapter, we addressed the procedure of
isolation, identification, and antagonistic effect of intestinal bacteria as a probiotic effect.

Key words Probiotic bacteria, Antibiotic, Aquaculture, Gut microbiota, Aquatic animals

1 Introduction

Aquaculture has been growing for decades, despite the fact that
outbreaks of a number of illnesses have resulted in economic losses
[1]. Aquaculture’s contribution to animal protein production has
skyrocketed, and it now accounts for about half of all fish and
shellfish consumed globally, constituting it a major food producer
[2]. Disease outbreaks, particularly viral and bacterial disease, have
had a substantial impact on the aquaculture business in recent years.
Chemical and antibiotic medications are extremely hazardous, and
they can lead to pathogenic microorganisms that are resistant to
antibiotics [3]. In order to cause disease, many pathogenic bacteria
require adhesion to the mucosal layer of the human gastrointestinal
tract. Competition for attachment sites, often known as “competi-
tive exclusion,” is a key mode of action in probiotic bacteria. A
desirable factor in the selection of probiotics is the ability of bacteria
to colonize the gut and stick to the epithelial surface, hence inter-
fering with pathogen adherence [4].

Probiotics are beneficial microorganisms that are being consid-
ered as an effective and environmentally friendly alternative to
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antibiotics [5]. Probiotics can be a good choice for increasing
aquaculture productivity in a long-term sustainable manner. For
the desired advantages of probiotics application, it is vital to choose
the proper strain and dose for each aquaculture species [6]. Probio-
tics are live beneficial bacteria which are introduced into the gas-
trointestinal tract via food or water, improving the internal
microbial balance and promoting overall health [7]. In aquaculture,
bacteria derived from the intestines of both aquatic and terrestrial
animals are routinely employed as probiotics [8]. Bacteriocins,
hydrogen peroxide, siderophores, lysozymes, and proteases are
just a few substances produced by probiotic bacteria that have
bactericidal or bacteriostatic effects on other microbial populations
[9–11].
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2 Materials

2.1 Collection of

Sample

• Aquatic animals.

• Aeration.

• Tank.

• Thermometer.

• pH pen.

• Weighing balance.

• Commercial feed for aquatic animals.

2.2 Isolation of

Intestinal Bacteria

• Dissection box.

• Tricaine methanesulfonate (MS-222).

• Normal sterile saline (NaCl 0.85% w/v).

• Laminar airflow.

• Mortar and pestle.

• Tryptic soy agar.

• L-rod.

• Incubator.

• Refrigerator.

• Pipettes.

2.3 Antagonistic

Effect of Isolated

Bacteria

• Pathogenic bacteria.

• Isolated strains from the intestine.

• Petri plate.

• Calorimeter.

• Mueller Hinton agar plate.
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• Swab stick.

• Pipettes.

• Incubator.

• Laminar airflow.

• Incubator.

• Refrigerator.

2.4 Identification of

Probiotic Bacteria

• Refer to standard microbiology laboratory manual to check the
morphological and biochemical characteristics.

2.4.1 Morphological and

Biochemical

Characteristics

• Bergey’s Manual of Systematic Bacteriology.

2.4.2 Molecular

Identification

• 16S ribosomal RNA (rRNA) sequence analysis.

3 Methods

3.1 Collection of

Sample

• Collect the healthy aquatic animals like fish and prawn in live
condition.

• Transfer the collected animals in live condition to the laboratory.

• Acclimatize the experimental animals under aerated condition
for 15 days at optimum temperature prior to experiment.

• Feed the experimental animals twice a day with commercial feed.

3.2 Isolation of

Intestinal Bacteria [12]

• Euthanize the three healthy animals by immersion in tricaine
methanesulfonate (MS-222).

• Dissect out the intestine of animals under aseptic condition and
wash thrice with normal saline (NaCl 0.85% w/v).

• Homogenize the intestine in surface-sterilized mortar and pestle
using 5 mL of sterile saline (NaCl 0.85% w/v).

• Collect the homogenate sample and perform serial dilution
(tenfold) using sterile saline solution.

• Transfer 0.1 mL of diluted samples from each dilution to the
tryptic soy agar plate and spread evenly over agar plate using
L-rod.

• Incubate the plates at 37 °C for 48 h.

• After 48 h, observe the colonies on the plate and store the plates
in the refrigerator at 4 °C until further use.
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3.3 Antagonistic

Effect of Isolated

Bacteria [12]

• Prepare the Mueller Hinton agar plates.

• Take pathogenic bacteria of your interest.

• Swab 100 μL of pathogenic strains (108 CFU/mL) over the
Mueller Hinton agar plates.

• Make a well of 7 mm diameter over the agar surface.

• Prepare the cell-free supernatant by centrifuging the different
isolated strains at 8000 rpm for 10 min.

• Fill the well with 50 μL of cell-free supernatants of different
isolated strains.

• Allow the strains in the well to get absorb completely.

• Then incubate the plates at 37 °C for 48 h in inverted position.

• After 48 h, observe the zone of inhibition of different isolated
strains against pathogenic bacteria which were swabbed over the
agar plate.

• Select the strains which show strong inhibition zone against
pathogen for further analysis.

• The strain which shows inhibition zone against pathogenic bac-
teria has the probiotic effect.

3.4 Identification of

Probiotic Bacteria

• Perform all the preliminary characterization such as staining
techniques and biochemical tests using standard procedures for
the isolated strains showing probiotic effect.

3.4.1 Morphological and

Biochemical Characteristic

[13]

• Interfere the results using Bergey’s Manual of Systematic Bacte-
riology, Eighth Edition, to conform the genus of your strain.

3.4.2 Molecular

Identification

• Confirm the genus of the isolated strain using 16S rRNA
sequencing.
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Characterization of Probiotic Properties of Isolated Bacteria

Mahalakshmi S. Patil, Raghu Ram Achar , and Ann Catherine Archer

Abstract

The growing needs of the aquaculture industry demand measures to safely increase food production by
controlling the emergence and spread of pathogenic fish diseases which lead to huge economic losses.
Probiotics are an alternative approach to curb the use of harmful chemical agents and antibiotics that
jeopardize host and environmental health. However, by definition, a probiotic organism must be a viable
strain that beneficially affects the host health, and hence microorganisms screened for probiotic applications
must possess essential probiotic properties. The Food and Drug Administration (FDA) and World Health
Organization (WHO) have laid out certain guidelines and criteria for the characterization of probiotic
organisms. This chapter deals with some of the essential criteria used to study potential probiotic micro-
organisms in vitro and the methods followed to evaluate them.

Key words Probiotic bacteria, Bile salt hydrolase, Mucus adhesion, Hydrophobicity, Auto-aggrega-
tion, Antibiotic susceptibility, Antimicrobial activity

1 Introduction

Probiotics being live microorganisms that can benefit the host’s
health in the right amounts are increasingly being applied as a
friendly alternative to prevent and control disease in aquaculture.
Probiotics have shown positive effects in aquaculture including a
reduction in disease burden, improved immunity and health bal-
ance, improved growth and performance, sustenance of healthy gut
function, and microbial balance [1–3]. Not all commensal micro-
organisms are probiotic. They must fulfill certain criteria to be
termed probiotic organisms. These criteria include the following:
the organism should be safe to the host, should not harbor any
transmissible resistance genes, should be able to colonize and repli-
cate within the host, should tolerate conditions of the host physiol-
ogy, and must show beneficial health effect in the host system. A
battery of in vitro tests is conducted to characterize the probiotic
properties of the microorganism followed by in vivo safety and
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efficacy testing [4–6]. However, the choice of tests and methods for
selection of probiotics varies in different reports.
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Fig. 1 General scheme of selection of probiotics for aquaculture

The most common method of initial screening involves antimi-
crobial/antagonism tests as selecting strains that have potential
antagonistic activity is the primary aim for disease prevention and
control in fishes. Other parameters include blood hemolysis; anti-
biotic susceptibility; adherence assays like hydrophobicity, auto-
aggregation, and mucin adhesion; tolerance to acid and bile; etc.
These tests are often preceded by collection of background infor-
mation of the host and its environment, and a rich pool of potential
probiotic candidates isolated preferably from the host origin
[7–9]. A general scheme of probiotic selection of aquaculture is
given in Fig. 1. Although some studies suggest the use of in vivo
methods to screen for probiotics, this chapter will be restricted to
the in vitro assays commonly used to characterize probiotic
bacteria.

2 Materials

2.1 Media

Preparation

The media composition required for most assays such as MRS,
TSA, NA, LB, etc. is provided in the preceding chapter.

2.1.1 Mueller Hinton

Agar
Ingredients Grams/liter

Beef extract 2.00

Casein acid hydrolysate 17.50

Starch 1.50

Agar 17.00

Final pH (at 25 °C) 7.3 ± 0.1
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Ingredients Grams/liter

Ingredients Grams/liter

Ingredients Grams/liter

Ingredients Grams/liter

(continued)
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2.1.2 Blood Agar

Peptone 5.00

Beef extract 3.00

NaCl 5.00

Agar 15.00

Sheep blood (5%) 50 mL

Final pH (at 25 °C) 7.2 ± 0.1

2.1.3 Peptone–Gelatin

Agar

Peptone 5.00

Glucose 1.00

Gelatin 15.00

Agar 15.00

Final pH (at 25 °C) 7.3 ± 0.1

2.1.4 Starch Agar

Peptone 5.00

Beef extract 3.00

Starch 1.00

Agar 15.00

Final pH (at 25 °C) 7.2 ± 0.1

2.1.5 Tributyrin Agar

Peptone 5.00

Yeast extract 3.00

Agar 15.00

Tributyrin (1%) 10.00 mL

Final pH (at 25 °C) 7.5 ± 0.1

2.1.6 Carboxymethyl

Cellulose Agar

Peptone 10.00

Carboxymethyl cellulose 10.00

K2HPO4 2.00
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Ingredients Grams/liter

MgSO4.7H2O 0.30

(NH4)2SO4 2.50

Gelatin 2.00

Agar 15.00

Final pH (at 25 °C) 6.8–7.2 ± 0.1

2.2 Chemicals and

Reagents

Saline, PBS, HCl, sodium chloride (NaCl), phenol red indicator,
antibiotic discs, bile (Ox-gall), hydrocarbons (n-hexadecane,
xylene, chloroform, toluene, n-octane, ethyl acetate), pepsin, pan-
creatin, taurodeoxycholic acid (TDCA), calcium chloride (CaCl2),
crystal violet, acetate buffer, citrate buffer, 0.1% benzalkonium
chloride solution, Lugol’s iodine solution, Gram’s iodine, 15%
HgCl2.

3 Methodology

3.1 Safety Tests Probiotic bacteria are said to be beneficial organisms, and hence
one of the criteria for probiotic selection is that they should be safe
and not contain any virulence factors or harbor any transmissible
antibiotic resistance genes.

3.1.1 Hemolytic Activity The fish gut harbors several pathogens such as Aeromonas which
possess virulence genes like aerolysin and hemolysin capable of
hemolyzing blood cells [10, 11]. Human blood, sheep blood, fish
blood, horse blood, etc. can be used to test the hemolytic activity of
the isolates [12, 13]. Probiotic bacteria unlike pathogens should
not possess any hemolytic activity.

1. Prepare a rich medium like blood agar supplemented with 5%
fresh sheep blood (most commonly, sheep blood is at the
forefront for this activity, while few organisms need rabbit or
bovine blood as the hemolytic activity depends on the type of
blood chosen).

2. Culture the isolates to be tested in sterile test tubes.

3. Streak or spot a loopful of overnight grown culture onto sheep
blood agar plates and incubate for 24–48 h at 37 °C [14, 15].

4. Observation: Observe the presence/absence of zone formation
around the colonies to interpret the hemolysis activity.

5. Interpretation of results: Hemolytic activity representation is as
follows (Fig. 2):
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Fig. 2 Result interpretation of hemolytic activity on a blood agar plate

α-hemolysis—greenish to the brownish zone around the
colony

β-hemolysis—clear zone appearance

γ-hemolysis—no zone appearance

3.1.2 Antibiotic

Susceptibility Test

An antibiotic susceptibility test is done to determine the sensitivity
or resistance of potential probiotic bacteria against various antibio-
tics. The Kirby–Bauer disc diffusionmethod is the standard method
used to carry out this test. This method is most widely in practice,
which relies on measuring inhibition of bacterial growth according
to instructions set down from CLSI (Clinical and Laboratory Stan-
dards Institute) and FDA (Food and Drug Administration) [16].

1. Grow the test cultures in liquid broth in test tubes and incubate
overnight.

2. Spread overnight grown cultures on Mueller Hinton agar
(MHA) by swab technique (immerse sterile cotton swabs in
overnight grown cultures and spread onto MHA medium).

3. Prepare appropriate concentrations of antibiotics and impreg-
nate them onto small circular discs cut in Whatman paper.
Alternatively, you can use ready-made antibiotic discs available
from HiMedia Laboratories (Mumbai).

4. Place the antibiotic-impregnated discs on the agar (take care to
pick up the antibiotic disc with sterile forceps, and place them
2 cm apart from each other to circumvent zone combat).

5. Gently press the discs with the forceps to ensure that they stay
in place.

6. Incubate the plates for 16–18 h at 25–30 °C.
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Fig. 3 Result interpretation of antibiotic susceptibility by disc diffusion method

7. Observation: Observe the formation of the inhibition zone
around the discs. The diameter of the zone indicates the sus-
ceptibility of the culture to the respective antibiotic [17, 18].

8. Measure zone of inhibition in mm and compare the diameter of
zones to susceptibility table with approval from the Food and
Drug Administration (FDA) and Clinical and Laboratory Stan-
dards Institute (CLSI).

9. Result interpretation of disc diffusion test (Fig. 3):

Sensitive—treatable by normal dosage

Intermediate—may respond to the higher dosage

Resistant—unlikely to respond to the usual dosage

3.2 Probiotic

Properties

Antimicrobial activity is an essential probiotic property for applica-
tion in aquaculture as the primary aim is to prevent and control
diseases in fish by inhibiting pathogens [3, 5]. Hence, this property
is the first and most common method used to characterize a poten-
tial probiotic bacterium and is often also used as a test to screen for
bacteria having antagonistic activity. Several methods such as spot-
on lawn, double agar layer, and agar well diffusion assays are used
[19, 20]. The well diffusion assay being the widely used method is
described in this chapter. Other methods and further characteriza-
tion of antimicrobial activity are dealt with in detail in the following
chapter.

3.2.1 Antimicrobial

Activity

1. Inoculate test cultures in appropriate broth and incubate for
24 h. Similarly, grow pathogen cultures (indicator bacteria) in
BHI broth and incubate at 37 °C for 24 h.

2. Collect the cell-free supernatant (CFS) of test cultures by cen-
trifuging at 8000 rpm for 10 min and filter the CFS through a
0.22 μm filter.

3. Swab the indicator bacteria on Mueller Hinton or BHI agar
plates.
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4. Bore wells in each plate and add the CFS in the respectively
labeled wells. Incubate the plates at 37 °C for 24 h.

5. Observe for a clear zone of inhibition around the wells and
measure the diameter of the zones to determine the inhibitory
activity [21, 22].

3.2.2 Tolerance to GIT

Conditions

The fish intestine consists of a harsh environment with the presence
of digestive enzymes, bile salts, and pH variations. Surviving the
harsh conditions of the GIT is an important criterion for probiotic
selection as it ensures that the bacteria pass through the harsh
environment and colonize in the GIT to confer a beneficial effect
[23, 24]. Thus, obtaining isolates from the host origin is consid-
ered important as these isolates show tolerance to the GIT condi-
tions of the host. Probiotic bacteria must tolerate pH up to 2 and
bile salt concentration up to 1% [25]. Tolerance to acid and bile
concentrations in broth is used as an initial selection criterion
followed by an assessment of the survival capability in simulated
GIT fluids.

Acid Tolerance

1. Prepare broth media as per the choice of the organism (MRS
for LAB and TSB or LB for other organisms).

2. Adjust the pH of the broth to pH 2 and pH 3 respectively with
0.1 N HCl using a pH meter. Keep broth with neutral pH as
growth control.

3. Add the pH-adjusted broth to test tubes and autoclave.

4. Inoculate sterile tubes with overnight grown culture (5%) and
incubate at the appropriate temperature.

5. Draw aliquots at regular intervals (0, 1, 2, 3 h) and obtain the
plate count by serial dilution and plating.

6. Note down the percentage survival of viable bacteria and cal-
culate by using the following formula:

Survival %ð Þ= CFU1

CFU0
×100

where CFU1 is the bacterial count in the test sample and CFU0

is the count in the control tube [18, 26].

Bile Tolerance 1. Prepare appropriate broth supplemented with 0.3% and 1%
ox-bile, respectively, in test tubes and autoclave.

2. Inoculate the tubes with overnight grown culture (5%) and
incubate at the appropriate temperature.

3. Draw aliquots at regular intervals (0, 1, 2, 3 h) and obtain the
plate count by serial dilution and plating.

4. Calculate the survival percentage as described in Subheading
3.2.2 [18, 26].



112 Mahalakshmi S. Patil et al.

Tolerance to Simulated

Gastrointestinal Fluids

1. Prepare simulated gastric juice by dissolving 1000 U/mL of
pepsin and 0.01 g/L lysozyme in a sterile buffer containing
sodium chloride (2.05 g/L), dihydrogen potassium phosphate
(0.60 g/L), calcium chloride (0.11 g/L), and potassium chlo-
ride (0.37 g/L). Adjust the pH to 3 with 1 M HCl [27].

2. Prepare simulated intestinal fluid by dissolving 3 g/L of bile
salts and 1000 U/mL trypsin in a buffer containing 50.81 g/L
disodium hydrogen phosphate, 8.5 g/L of sodium chloride,
and 1.27 g/L of dihydrogen potassium phosphate.

3. Take overnight test cultures and harvest the cells by centrifu-
ging at 8000 rpm for 10 min. Wash the cells twice in PBS and
resuspend in simulated gastric juice (5%). Incubate at the
appropriate temperature.

4. Obtain plate counts at regular intervals as explained in Sub-
heading 3.2.2.

5. Harvest cells from the simulated gastric juice and resuspend in
simulated intestinal juice. Obtain plate counts at regular inter-
vals same as in Subheading 3.2.2.

6. Calculate survival percentages as previously described in Sub-
heading 3.2.2.

3.2.3 Bile Salt Hydrolase

(BSH) Assay

Bile salt hydrolase is a plate precipitation assay examined by quali-
tative analysis.

1. Pour appropriate sterile agar media (MRS/TSA/LB) supple-
mented with 0.5% of taurodeoxycholic acid (TDCA) and
0.037% calcium chloride (CaCl2) into sterile Petri plates and
allow to solidify.

2. Streak overnight grown test cultures on the surface of the agar
and incubate at the appropriate temperature for 24–72 h.

3. Observation: White precipitation zones around the colonies
indicate BSH activity [28].

3.2.4 Adhesion Assays Adhesion of potential probiotic bacteria to the GIT of the host is a
prerequisite for probiotic selection [29]. Several in vitro adhesion
assays are used to assess the adhesion ability of potential isolates.
Simple assays such as hydrophobicity, auto-aggregation, and
co-aggregation provide an initial idea of the isolate to adhere to
cells of the same species and other species or competitive adhesion
with the pathogen. These assays are often conducted using broth
media or buffer solvents. On the other hand, substrates such as
intestinal mucus from fish, epithelial cells, and cell lines are also
used to demonstrate the adhesion capacity of the isolates [30–32].
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Cell Surface Hydrophobicity

Assay

This in vitro analysis method is carried out to measure adhesion
using microbial adhesion to hydrocarbon (MATH) method
[25, 33].

1. Take overnight grown test cultures and centrifuge at 8000 rpm
for 10 min at 4 °C to obtain a cell pellet.

2. Wash the cell pellet twice with PUM (phosphate urea magne-
sium) buffer and resuspend in PUM buffer to obtain a uniform
cell suspension.

3. Adjust the initial optical density (OD) at 600 nm to 0.7.

4. Take cell suspension and hydrocarbon (n-hexadecane, xylene,
or toluene) in the ratio of 3:1.

5. Vortex the sample well and incubate at 37 °C for 1 h for phase
separation.

6. Carefully take the aqueous phase and read the final OD at
600 nm.

7. Calculate the percentage of cell surface hydrophobicity using
the following formula:

Cell surface hydrophobicity %ð Þ= A0 -A1ð Þ
A0

×100

where A0 indicates initial optical density and A1 indicates final
optical density.

Auto-aggregation 1. Harvest overnight grown cultures by centrifugation, wash
twice in PBS, and resuspend in PBS to get a uniform cell
suspension adjusted to an OD 600 nm of 0.6.

2. Briefly vortex the cell suspension and incubate at appropriate
temperature for 24 h.

3. Take readings at regular intervals (0, 2, 4, 6, and 24 h)
[22, 26].

4. Calculate the auto-aggregation percentage using the following
formula:

Auto‐aggregation %ð Þ= 1- A1
A0

� �
×100

where A0 = initial absorbance and A1 = final absorbance.

Co-aggregation 1. Cultivate test cultures in appropriate medium and pathogen
cultures in BHI broth.

2. Harvest overnight grown cultures as mentioned in auto-
aggregation procedure.

3. Mix equal volumes of test culture and pathogen culture in a test
tube and incubate at room temperature for 4 h.
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4. Keep tubes containing cell suspension of each culture sepa-
rately as control.

5. Read the absorbance of mixed cultures and monocultures at
600 nm.

6. Calculate co-aggregation percentage using the following
formula:

Co‐aggregation%=
At þAp

� �
-2Amix

At þAp

� �
"

×100

where At and Ap are the absorbance of test culture and patho-
gen suspension, respectively, while Amix is the absorbance of
mixed bacterial suspension after incubation [27].

In Vitro Cell Adhesion Assay (a) Preparation of Mucus [24]

1. Collect harvested fish and disinfect with 0.1% benzalko-
nium chloride solution.

2. Dissect with a scalpel and remove the hindgut.

3. Rinse the inner surface of the hindgut with PBS (pH 7.2)
and scrape with a rubber spatula.

4. Centrifuge the scrapings twice at 6000 rpm for 30 min at
4 °C to remove any particulate and debris material.

5. Filter the preparation through a 0.22 μm syringe filter.

6. Determine the concentration of mucus by Bradford
method and adjust the protein concentration to 0.5 or
1 mg/mL. Store at -70 °C until further use.

(b) Adhesion to Mucus [24, 33]

1. Take a 96-well microtiter plate and coat with 100 μL o
mucus. Incubate the plate overnight for adhesion of the
mucus at 4 °C.

2. Take overnight grown test cultures and adjust the cell
density to 1 × 108 cells/mL (A0).

3. Add 100 μL of test culture to the immobilized mucus and
incubate at 37 °C or appropriate temperature for 1 h.

4. Wash the wells with PBS to remove non-adherent cells.

5. Fix the adhered cells at 60 °C for 20 min and stain with
100 μL crystal violet (0.1% solution) for 15 min.

6. Wash the wells with PBS to remove excess stain.

7. Treat the cells with 100 μL of 20 mM acetate or citrate
buffer (pH 4.3) to release the stain bound to the cells.

8. Measure the absorbance at 600 nm (A1) in a microtiter
plate reader.
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9. Keep stained mucus without added bacteria as negative
control (Acontrol).

10. Calculate the percentage of adherent bacterial cells using
the following formula:

Adhesion%=A1 -
Acontrol

A0
×100

3.2.5 Production of

Extracellular Enzymes

1. To test proteinase production, inoculate peptone–gelatin agar
plates with test cultures and incubate at appropriate tempera-
ture for 48 h. Flood the plates with 15% HgCl2. Clear zone
around the colony indicates positive reaction for proteinase.

2. To test for amylase production, inoculate starch (1%) agar
plates with test cultures and incubate for 24 h at appropriate
temperature and subsequently flood with Lugol’s iodine solu-
tion. Whitish yellow discoloration on the plate is indicative of
amylase activity.

3. To test for lipolytic enzyme production, inoculate test cultures
onto tributyrin (1%) agar. Whitish opaque zone around the test
culture colony indicates lipase activity.

4. To determine cellulose production, inoculate test cultures onto
carboxymethyl cellulose agar plates for 48 h at appropriate
temperature. Flood the plates with Gram’s iodine solution.
Presence of whitish appearance around the colony is indicative
of cellulose production [33, 34].
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Campanero C, Del Campo R, Hernández PE,
Herranz C, Cintas LM (2013) Antimicrobial
activity, antibiotic susceptibility and virulence
factors of lactic acid bacteria of aquatic origin
intended for use as probiotics in aquaculture.
BMC Microbiol 13(1):1–22

10. Abdel-Latif HM, Khafaga AF (2020) Natural
co-infection of cultured Nile tilapia Oreochro-
mis niloticus with Aeromonas hydrophila and
Gyrodactylus cichlidarum experiencing high
mortality during summer. Aquac Res 51(5):
1880–1892

11. El-SonMA, Nofal MI, Abdel-Latif HM (2021)
Co-infection of Aeromonas hydrophila and Vib-
rio parahaemolyticus isolated from diseased
farmed striped mullet (Mugil cephalus) in Man-
zala, Egypt – a case report. Aquaculture 530:
735738

12. Cota-Gastélum LA, Luna-González A,
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Chapter 16

Antibacterial Activity of Probiotic Bacteria
from Aquaculture

Mahalakshmi S. Patil, Anagha Sudhama Jahgirdar,
Ann Catherine Archer , and Raghu Ram Achar

Abstract

With a huge demand for antibacterial agents worldwide due to the development of resistance against
existing antibiotics, probiotics have gained an upper hand. This extends even to aquaculture production as
well and has been considered as a major constraint. As an alternative to antimicrobial agents, the use of
probiotic bacteria in aquaculture has gained a lot of attention. This chapter describes in detail the protocols
to be followed for effective demonstration and characterization of antibacterial activity of the probiotics in
the study. The protocols to be followed, viz., the sample preparation and processing and demonstration of
antibacterial and bacteriocin activity, with emphasis on bacteriocin purification and characterization, have
been represented.

Key words Antibacterial, Probiotics, Probiotic bacteria, Fish, Aquaculture, Bacteriocins

1 Introduction

Antimicrobial agent refers to any substance that can inhibit the
growth of microorganisms or kill it. The aquaculture industry has
seen tremendous growth in recent years due to the rising demand
for aquatic food globally. However, the production of fish involves
significant challenges including production, prevention of spoilage,
and disease control [1, 2]. Due to increased production, there is an
increase in bacterial and viral diseases in fish. Antibiotics are used
widely as prophylactic and therapeutic agents to control diseases,
but they are associated with the emergence of antibiotic resistance
in bacterial pathogens and its consequent effects on the spread of
antibiotic resistance in the food chain [3, 4]. This has prompted the
need for new and safe alternatives to antimicrobial compounds.
Among these, probiotic bacteria are said to be beneficial microor-
ganisms capable of inhibiting pathogenic bacteria via various
mechanisms such as modulation of the gut microbiota, competitive
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exclusion, and modulation of the immune system [1]. Probiotics
also secrete compounds with antimicrobial potential such as
enzymes, bacteriocins, organic acids, and hydrogen peroxide [5, 6].

120 Mahalakshmi S. Patil et al.

Lactic acid bacteria (LAB) are one of the common groups of
microorganisms that have been found to possess probiotic proper-
ties due to their long, safe history in food fermentations and
presence as natural flora in the gastrointestinal tract of humans,
mammals, and even fishes [1, 7, 8]. LAB as probiotics have been
found to decrease aquatic diseases caused by pathogens like Aero-
monas salmonicida and Vibrio anguillarum and improve the overall
health of the fishes [5, 9, 10]. Thus, LAB become an important
source of probiotic bacteria and antimicrobial substances to effec-
tively prevent and control bacterial diseases in fishes [11, 12]. Several
techniques have been used to investigate the antagonistic or anti-
microbial activity of probiotic LAB [13].

Some of the precise methods including qualitative assay of
antimicrobial action to detection of presence, purification, and
characterization of bacteriocins have been outlined in this chapter.

2 Materials

Bacterial Strains and Growth
LAB is grown in DeMan Rogosa Sharpe (MRS) media (composi-
tion in Table 1). Pathogenic organisms used as indicator strains for
antibacterial activity is grown in tryptic soy (TS) or brain heart
infusion (BHI) media (composition in Tables 2 and 3). The indica-
tor strains which cause disease in fish are listed in Table 4. Selected
strains from the list can be used for antibacterial studies.

Purification and Characterization
Ammonium sulfate, acetonitrile, trifluoroacetic acid, tricine,
sodium dodecyl sulfate, acrylamide, N,N′-methylenebisacrylamide,
ammonium persulfate, tetramethylethylenediamine, Coomassie
brilliant blue R-250, silver nitrate, formaldehyde, ethanol, acetic
acid, CM Sepharose/SP Sepharose, CM Sephadex G50/75/100,
C18 reverse-phase columns.

3 Methodology

3.1 Sample

Collection and

Processing

1. Collect freshwater or marine water fish from local sources.

2. Weigh the fishes and aseptically remove the intestines, place in
ice, and transport to the laboratory.

3. Homogenize the fish intestines and its contents in 10 mL
phosphate-buffered saline.



Antibacterial Activity of Probiotic Bacteria from Aquaculture 121

Table 1
Composition of MRS media

Ingredients Grams/liter

Peptone 10

Beef extract 10

Yeast extract 5

Dextrose 20

Polysorbate 80 1

Ammonium citrate 2

Sodium acetate 5

Magnesium sulfate 0.1

Manganese sulfate 0.05

Dipotassium phosphate 2

Agar 12

pH 6.5

Table 2
Composition of tryptic soy media

Ingredients Grams/liter

Pancreatic digest of casein 15

Peptic digest of soybean meal 5

Sodium chloride 5

Agar 15

pH 7.3

Table 3
Composition of brain heart infusion media

Ingredients Grams/liter

HM infusion powder 12.5

BHI powder 5

Peptone 10

Dextrose 2

Sodium chloride 5

Disodium hydrogen phosphate 2.5

Agar 15

pH 7.4
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Table 4
Common bacterial fish pathogens that can be used as indicator strains for antibacterial activity

Pathogen
species

Gram-negative species

Aeromonas
hydrophila

Trout, goldfish, salmon, koi, and
other fishes

Furunculosis

Aeromonas
salmonicida

Trout, goldfish, salmon, koi, and
other fishes

Furunculosis

Aeromonas
veronii

Catfish, tilapia, striped bass,
sturgeon, eel, salmonid, and
non-salmonid species

Motile aeromonas septicemia (MAS),
hemorrhagic septicemia, epizootic ulcerative
syndrome (EUS), red sore disease

Pseudomonas
anguilliseptica

Eel, turbot, sea bream, ayu Pseudomonadiasis, winter disease

Yersinia ruckeri Salmonids, sturgeon, crustaceans,
eel, minnows

Enteric red mouth

Piscirickettsia
salmonis

Salmonids Piscirickettsiosis

Edwardsiella
ictaluri

Catfish and tilapia Enteric septicemia

Edwardsiella
tarda

Tilapia, catfish, salmon, carps,
yellowtail, flounder, striped brass

Edwardsiellosis

Pasteurella
skyensis

Salmonids and turbot Pasteurellosis

Vibrio
anguillarum

Turbot, salmonids, striped bass, sea
bass, eel, cod, ayu, red sea bream

Vibriosis

Aliivibrio
salmonicida

Cod, Atlantic salmon Vibriosis

Vibrio vulnificus Tilapia, eel Vibriosis

Vibrio ordalii Salmonids Vibriosis

Vibrio harveyi Abalone, shark, sea bream, red
drum, cobia, sea bass, flounder

Vibriosis

Photobacterium
damselae

Sea bass, sea bream, striped bass,
yellowtail, sole

Photobacteriosis

Flavobacterium
psychrophilum

Carp, salmonids, eel, perch, ayu Coldwater disease

Flavobacterium
branchiophila

Cold water and warm water
salmonid and non-salmonid
species

Bacterial gill disease

Flavobacterium
columnare
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(continued)

Pathogen
species

Gram-positive species

Lactococcus
garvieae

Yellowtail, rainbow trout, prawns,
turbot, and eel

Streptococcosis or lactococcosis

Streptococcus
iniae

Yellowtail, sea bass, barramundi,
flounder

Streptococcosis

Streptococcus
parauberis

Turbot Streptococcosis

Streptococcus
phocae

Atlantic salmon Streptococcosis

Enterococcus
faecalis

Rainbow trout, brown bullhead,
catfish

Streptococcosis, exophthalmia hemorrhage

Other common food pathogens

Listeria
monocytogenes

–

Escherichia coli –

Staphylococcus
aureus

–

4. Serially dilute the homogenate in sterile saline solution (0.85%)
and pour plate appropriate dilutions on DeMan Rogosa Sharpe
(MRS) agar in sterile Petri dishes.

5. Incubate the plates at 25–30 °C (depending on the source of
the sample) for 24–48 h.

6. Pick single colonies based on morphology characteristics, grow
in MRS broth, and purify by streak plate technique.

7. Purified isolates are identified as LAB by Gram staining and
catalase test.

8. The isolates are stored as 40% glycerol stock at -20 °C.

3.2 Agar Overlay

Assay

Agar overlay assay is a method of direct antimicrobial activity test-
ing. It is also called the double agar layer method. This can be done
by two methods:

3.2.1 Method-I 1. Prepare serial dilutions of fish intestine samples as explained in
Subheading 3.1, pour plate with MRS agar, and incubate at
25–30 °C for 24–48 h.

2. Once the colonies of LAB are formed, pour a layer of tryptic
soy or BHI soft agar (0.8%) seeded with indicator pathogen
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organism (1% inoculum) over the plate and allow to
solidify [14].

3. Incubate the plates at 37 °C for growth of the indicator
organism.

4. After incubation, a clear zone of inhibition around the colonies
of LAB indicates antibacterial activity.

3.2.2 Method-II 1. Prepare fresh cultures of purified LAB isolates by inoculating
LAB in MRS broth and incubating overnight.

2. Place 5–10 μL spots of LAB cultures on a layer of MRS agar at
appropriate distances.

3. Incubate the plates at 25–30 °C to allow the spots to grow.

4. Overlay the plate with tryptic soy (TS) or BHI soft agar (0.8%)
seeded with indicator pathogen organism and allow to solidify.

5. Incubate the plates at 37 °C for growth of the indicator
organism.

6. After incubation, a clear zone of inhibition around the colonies
of LAB (Fig. 1) indicates antibacterial activity [15].

Fig. 1 Representative plate showing agar overlay assay. Serial dilution of fish
intestine sample is first plated in MRS agar. Colonies developed after incubation
are overlayed with soft agar seeded with indicator pathogenic organism. Devel-
opment of inhibition zone around the LAB colonies is indicative of antibacterial
activity. (This unpublished data belongs to Dr. Ann Catherine Archer)
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3.3 Cell-Free

Supernatant (CFS)

Preparation

1. Freshly culture LAB isolates in MRS broth for 18–24 h.

2. Cell-free supernatant is obtained by centrifuging the cultures at
8000 rpm for 10 min.

3. Filter the CFS through 0.22 μm filter and store at-20 °C until
further use [16].

3.4 Antibacterial

Activity by Agar Well

Diffusion Assay

The antibacterial activity of LAB isolates is tested by agar well
diffusion assay against common fish pathogens (Table 1) used as
indicator organisms [17, 18].

1. Prepare 0.8% soft agar (w/v) of tryptic soy media or brain heart
infusion media.

2. Seed 1% of each indicator organism (1 × 105 CFU/mL) into
the soft agar separately, mix well, and pour into sterile Petri
dishes.

3. Allow the media to solidify.

4. Bore 6–8mmwells onto the seeded agar using a cork borer or a
sterile tip. Label the wells on the bottom of the plate with the
respective LAB isolates.

5. Add 50–100 μL of LAB CFS in the wells, and allow the CFS to
diffuse through the wells for 1–2 h at room temperature.

6. Incubate the plates at 37 °C or appropriate temperature of the
indicator strain for 24 h.

7. Observe the formation of zone of inhibition around the wells
which indicates antibacterial activity of the CFS (Fig. 2).

Fig. 2 Representative plate showing agar well diffusion. CFS of LAB isolates are
added to wells bored into soft agar seeded with indicator pathogen. CFS is
allowed to diffuse through the agar resulting in the formation of zone of inhibition
indicative of antimicrobial activity. (This unpublished data belongs to Dr. Ann
Catherine Archer)
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8. Measure the zone diameter using a scale and record the results
in mm.

9. The antibacterial activity may be due to production of organic
acids or antimicrobial compounds such as bacteriocins.

3.4.1 Determination of

Bacteriocin Activity

1. To confirm if the inhibition activity is due to production of
bacteriocins, the CFS is neutralized with 1 M NaOH [19].

2. The neutralized CFS is tested for antibacterial activity by well
diffusion assay as described in Subheading 3.4.

3.5 Growth

Dynamics and

Bacteriocin Production

1. Prepare 100 mL MRS broth in a conical flask and autoclave at
121 °C for 20 min.

2. Inoculate LAB isolate at 1% into the broth and incubate at
30–37 °C for 48 h.

3. Take aliquot of sample at regular intervals (0, 4, 8, 12, 16, 20,
24, 28, 32, 36, 40, 44, 48 h).

4. Determine the cell density at 600 nm, pH of the culture, and
antibacterial activity by well diffusion assay.

5. The activity is expressed as arbitrary units per milliliter of
culture medium (AU/mL).

6. One AU/mL is defined as the reciprocal of the highest dilution
of bacteriocin showing a clear zone of inhibition against the
indicator strain.

AU
mL

=
Reciprocal of highest dilution
Amount of Bacteriocin used

× 1000

AU
mL

=
1000
V ×D

� �

where V is the volume of the sample and D is the highest dilution
factor.

or

AU
mL

= ab × 100

where a = 2 (factor dilution) and b = value of the highest dilution
showing at least 2 mm inhibition zone.
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3.6 Broth

Microdilution Assay

Broth microdilution assay can be done using crude CFS or purified
bacteriocin extract to determine the minimum inhibitory concen-
tration (MIC) of the inhibitory compound. The procedure involves
serial dilutions of the test sample (crude CFS/purified bacteriocin)
and incubating with the indicator organism. MIC is the lowest
concentration of antimicrobial agent that can visibly inhibit the
growth of the organism [23].

1. Add 200 μL volume of test sample containing 100 μL o
neutralized CFS or purified bacteriocin of LAB isolates and
100 μL of indicator organism (105–106 CFU/mL) in
TS/BHI broth into the first well of a microtiter plate.

2. Transfer 100 μL of sample from the first well into the second
well containing 100 μL of indicator organism in TS/BHI
broth.

3. Repeat the dilution for subsequent wells as described in step 3.

4. Incubate the plate at 37 °C for 24 h.

5. MIC is determined by measuring the optical density of the test
wells at 600 nm.

6. Plate aliquot of each dilution to determine the viable count of
indicator organism.

3.7 Time-Kill Assay Time-kill assay is a method to determine the bactericidal effect of
CFS. It is a time-dependent method to study the bactericidal
activity of LAB against the growth dynamics of the indicator organ-
ism [24, 25].

1. Prepare tryptic soy or BHI broth (10 mL) in test tubes and
autoclave the tubes at 121 °C for 20 min. Allow the tubes
to cool.

2. Inoculate the tubes with indicator organism (105 CFU/mL)
and add 100 μL of crude CFS to the tubes.

3. Incubate the tubes at 37 °C for 24 h.

4. Draw aliquots at regular intervals (0, 2, 4, 6, 8, 10, 12, 24 h)
and determine the CFU/mL by plate count method.

5. Tubes inoculated with only indicator organism are kept as
growth control.

6. Bactericidal effect is determined by plotting the graph of viable
count against time and comparing the growth of indicator
organisms in the control and test samples.

3.8 Time-Kill Co-

culture Assay

This is a method to determine the antibacterial activity of LAB
isolates by co-culturing with the indicator organism [26].

1. Culture LAB isolates and indicator organisms individually in
their respective broth mediums.
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2. The cultures are centrifuged at 8000 rpm for 10 min to obtain
cell pellet.

3. Inoculate indicator organism (105–106 CFU/mL) with 106–
108 CFU/mL of LAB isolates in 10 mL MRS-TS/BHI broth
(1:1 ratio).

4. Incubate the co-culture tubes at 37 °C. Aliquot samples at
regular intervals (0, 2, 4, 6, 8, 10, 12, 24 h) and determine
the viable count by plate count method (MRS agar for LAB
and TS/BHI agar for indicator strains). Also measure the pH
changes.

5. Tubes inoculated with monocultures of LAB or indicator
organism are kept as control.

6. Bactericidal effect is determined by plotting graph of the viable
count and comparing with growth control.

3.9 Scanning

Electron Microscopy

1. Incubate crude CFS and indicator organism as described in the
time-kill assay. Take aliquots at 30, 90, and 120 min. Centri-
fuge the samples at 8000 rpm and wash the cell pellet with
PBS [27].

2. The cell pellet is fixed by adding 2.5% glutaraldehyde and
incubated at 4 °C overnight [28].

3. Next day, wash the cells with PBS and dehydrate by incubating
the cells in increasing concentrations of ethanol (5, 10, 20, 30,
50, 70, 90, 100%).

4. Aliquot of the final cell suspension after dehydration in 100%
ethanol is placed on a coverslip and allowed to dry.

5. The coverslip is subjected to gold sputter coating. The coated
samples are visualized under scanning electron microscope.
Modified newer methods have been adopted over time with
variety of fixative based on the desired magnification and
resolution [29].

6. Morphological changes in cell shape and structure are observed
in the samples treated with CFS [30].

3.10 Purification of

Bacteriocin

1. The cell-free supernatants are centrifuged at 8000 to 10,000×g
for 10–20 min at 4 °C to remove debris. Then, addition of
ammonium sulfate from 10% to 80% saturation is done to
precipitate the bulky proteins with stirring at 4 °C. The
obtained saturation is centrifuged at 8000 to 10,000×g for
10–20 min at 4 °C to obtain fractions as pellets containing
bacteriocin [31].

2. The bacteriocin pellets are then resuspended in appropriate
buffers or diluted using distilled water. These initial crude
extracts are subjected to agar well diffusion method as men-
tioned in Subheading 3.4.
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3. The crude extracts are further purified using gel filtration or ion
exchange as per the standard protocols [32].

4. Briefly, cation exchange chromatography can be performed
with UV detection at 220 nm. One liter of the suspension
obtained from precipitation is into a strong cation exchange
resin column and subjected to elution at a flow rate of
1.5–2 mL/min and washed with 3× column volume of appro-
priate buffer at the flow rate of 1 mL/min. The obtainment of
bacteriocin fractions must be standardized based on the differ-
ent concentration of NaCl from 0.2 to 1 M [33]. The active
fraction is lyophilized and stored at -20 °C for further purifi-
cation and analyses.

5. Furthermore, the active fractions of bacteriocins are subjected
to gel filtration by loading it onto a Sephadex column of
required specification. The choice is ideally based on the estab-
lished recommendations [34]. Ideally, the column is equili-
brated with the chosen appropriate buffer used for
suspension. The column is eluted with the same buffer and
the fractions are collected at 1.0–1.5 mL/min and the absor-
bance was 220 and 280 nm. The collected fractions are again
evaluated for antibacterial activity as described by the above-
mentioned procedures, and the active fractions are dialyzed in
distilled water for further purification.

6. The active fraction purified from gel filtration chromatography
process is processed further onto a C18 reverse-phase columns.
Reverse phase high-performance liquid chromatography
(RP-HPLC) system by a liner gradient elution would provide
confirmation of purity. The elution is with the standard eluent,
i.e., 95% water–acetonitrile containing 0.1% trifluoroacetic acid
(TFA). The flow rate is usually fixed to 0.5 mL/min and may
be extended up to 1 mL/min [35].

7. Note: The concentration of protein in every process of purifi-
cation. The collected fractions after every purification step are
pooled based on the peaks obtained using UV–Vis spectros-
copy at 280 and 220 nm and evaluated for antibacterial activity
as described by the abovementioned procedures.

3.11

Characterization of

Bacteriocin

1. Initially, tricine SDS–PAGE analysis of fractions from CFS to
the purified fraction after each purification is subjected to
16–18% resolving gel (subject to the equipment and resolution
achieved) and 4% stacking gel.

3.11.1 Determination of

Molecular Weight
2. The gel is subjected to staining with Coomassie brilliant blue

R-250 or silver staining for molecular weight using standard
ladder (between 2 and 60 kD). One more unstained part of the
gel should be subjected to 20% (v/v) isopropanol and 10%
(v/v) acetic acid for 2–3 h and rinsed in sodium phosphate
buffer (pH 6.0) for 1 h [36].
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3. The resultant bands are then overlaid with soft agar medium
inoculated with the indicator strain for 24–48 h for antibacter-
ial activity as per the abovementioned protocol in
Subheading 3.4.

4. Mass spectrometry analyses are carried out using LC/MS sys-
tem. Briefly, by following the abovementioned steps of liquid
chromatography which is linked to the mass spectrometer is
programmed to run in positive electron spray ionization (ESI)
mode with mass/charge (m/z) ratio in the range of m/z
(based on the relative molecular weight obtained in PAGE
analysis) and a quadrupole time of flight (Q-TOF) mass ana-
lyzer is ideally used [37].

3.11.2 Sensitivity of

Probiotic-Generated

Antibacterials to

Microenvironments

(a) Heat: The purified fractions are subjected to a range of incu-
bation temperatures from 25 to 121 °C.

(b) pH: The probiotics and purified fractions are subjected to a
range of buffers—usually between 2 and 12 for a minimum of
1 h and may be extended up to 2–3 h with occasional stirring
at 37 °C.

(c) Physiological Enzymes: The probiotics or their extracts or the
generated metabolites will have to be subjected to inactivation
by the treatment of physiological enzymes like catalase, tryp-
sin, pepsin, and proteinase K for 1–5 h at 37 °C with constant
stirring.

Note: The treated fractions mentioned above are subjected to anti-
bacterial activity as mentioned in Subheading 3.4.
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Chapter 17

Preparation of Marine Algal (Seaweed) Extracts
and Quantification of Phytocompounds

S. Thanigaivel, John Thomas, Natrajan Chandrasekaran,
and Amitava Mukherjee

Abstract

Protocol for the seaweed extraction is discussed here which focuses on the different types of algal collec-
tions, processing, and preparation of seaweed extract which is obtained through the standard protocol.
Aquaculture health management necessitates a steady increase in output by reducing economic losses and
using a variety of natural plant-based bioproducts for treating pathogenic bacteria. Hence, such natural
product-based extract can be recommended to overcome the side effects of antibiotic use in fisheries sector.
According to the current method, bioactive compounds present in two seaweeds are identified through the
use of different types of differential extraction methods (sequential and maceration), as well as traditional
and solvent-based extraction methods. The extracts with bioactive compounds having antioxidants and
antibacterial activities will be effective against fish pathogens.

Key words Seaweeds, Phytochemicals, Extract preparation, Maceration, Sequential, Fish pathogen

1 Introduction

Efficacious disease management with the aid of vaccines, as well as
the efficient formulation of extracts and emulsion preparations, is
essential for the successful production of aquatic animals and their
products in the aquaculture industry [1]. This can be achieved
through efficient disease management with the aid of vaccines, as
well as the efficient formulating and formulation of extracts and
emulsion preparation in the aquaculture industry. It is currently
being used to treat and control infections in aquaculture, rather
than commercial antibiotics, which promote resistance to patho-
genic bacteria. Plant-based extracts are being used to treat and
control infections in aquaculture [2]. Furthermore, the consump-
tion of antibiotic-treated fish by humans can result in health pro-
blems. Furthermore, it impairs the fish’s ability to defend itself
against opportunistic pathogenic microorganisms by weakening
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its immune system. Because of their antibacterial activity against
both gram-negative and gram-positive pathogens, seaweeds and
their extracts have gained growing attention for use in medicine,
biotechnology, and food preservation [3]. Algal extracts contain
polysaccharides, proteins, polyunsaturated fatty acids (PUFAs),
pigments, polyphenols, flavonoids, cinnamic acid, isoflavones, ben-
zoic acid, lignans, quercetin, minerals, and plant development hor-
mones, among other substances [4]. As a starting material for the
production of algal extracts, the seaweed biomass could be utilized
[5, 6]. Extraction is the most important and first step in the process
of isolating different types of components. It is possible that the
extraction efficiency of seaweed will be reduced due to the presence
of a complex cell wall, and this will be influenced by the solvent
composition, temperature, duration of treatment, and pH. Plant
material has been isolated and studied using a variety of techniques,
including microwave-assisted extraction, supercritical fluid extrac-
tion with carbon dioxide as a solvent, Soxhlet extraction, enzyme-
assisted extraction, and ultrasound-assisted extraction [6, 7]. There
are a variety of solvents that can be used in this process, including
ethanol, acetone, methanol–toluene, methanol–toluene–methanol,
petroleum ether, ethyl acetate, dichloromethane, and butanol, to
name a few. The employment of these processes necessitates the use
of expensive and potentially toxic solvents [8, 9]. To overcome the
limits of typical extraction methods and produce algal extract, we
used boiling and soaking extraction operations with distilled water
as our method of choice [10, 11].
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2 Materials

2.1 Reagents and

Raw Materials

Required

• Marine algae—brown and green seaweeds.

• Distilled water.

• Plastic containers and jars.

• Plastic trays.

• Petri dish.

• Mixer grinder.

• Filtering funnel.

• Conical flask.

• Ascorbic acid.

• Folin–Ciocalteu reagent.

• Gallic acid.

• Quercetin.

• Ethylene disodium tetra acetic acid.

• Ethanol, dichloromethane, petroleum ether, and chloroform.
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2.2 Collection of

Seaweeds

• Collect the seaweed and process it.

• Wash the seaweeds to remove the debris and salt impurities.

• Dry the seaweeds at a moisture level up to 15%.

• Ground the plants to a particle size of 0.3 mm [9, 12].

3 Methods

3.1 Processing of

Seaweed Extract

• Remove epiphytes and other microbial contaminants.

• Shade dry the seaweeds before being used for extraction [9, 13].

• Pulverize dried seaweed leaves.

• Mix them with 100 mL water and agitate the mixture for
24–48 h.

• Filter the extract through a cheesecloth.

• Centrifuging the filtrate for 10 min at 7000 rpm.

• Collect the supernatant and preserve [14].

3.2 Extract

Preparation

(Conventional Method)

• Maceration methods used for extraction.

• Add 5 g of powdered seaweeds to 100 mL of water and keep
overnight in shaker.

• Filter the extract using Whatman filter paper.

• Extracts filtered out and stored for the assays [15].

• Evaporate the extracts under low pressure in a rotary evaporator.

• Dry the samples scraped out.

• Add scraped samples and mix with appropriate Milli-Q water.

• Measure the dry weight of the sample and calculate the dried
yields [15].

3.3 Phytochemical

Detection in Seaweed

Extracts [9]

The following standard protocols were used to conduct phyto-
chemical analysis of plant extract. The following phytochemical
screening assays were performed on the plant extracts.

3.3.1 Alkaloids • Add 1 mL of Dragendorff”s reagents.

• Add 2 mL of seaweed extract.

• Observe the orange–red precipitation.

• Confirm the alkaloid formation.

• The presence of alkaloids is indicated by the presence of green or
white precipitate.
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3.3.2 Flavonoids • Add 1 mL of seaweed extract.

• Add 0.1 mL of chloroform.

• Add equal volume of sulfuric acid to the same tube.

• Observed the upper layer for red color formation.

• Confirm the presence of flavonoids.

3.3.3 Carbohydrates • Add 2 mL plant extract.

• Add 1 mL Molisch’s reagent.

• Then add few drops of concentrated sulfuric acid.

• Carbohydrates are indicated by a purple or reddish tint.

3.3.4 Test for Quinine • Take 1 mL of seaweed extracts.

• Add 1 mL concentrated sulfuric acid.

• Observe the formation of a red tint.

• Confirm the quinone.

3.3.5 Test for Glycosides • Add 2 mL plant extract.

• Add 3 mL chloroform, followed by 10% ammonia solution.

• Observe the formation of a pink tint.

• Confirm the glycosides.

3.3.6 Test for Triterpenes • Take 1.5 mL of seaweed extract.

• Add 1 mL Liebermann–Burchard reagent.

• Observe the formation of a blue–green color in the tube.

• The presence of triterpenoids confirmed.

3.3.7 Phenolics • Take 1 mL plant extract.

• Add 2 mL of distilled water.

• Add few drops of 10% ferric chloride.

• Observe blue or green tint.

• The presence of phenols is confirmed.

3.3.8 Proteins • Take 1 mL of extracted seaweed.

• Add few drops of ninhydrin.

• Observe the blue color formation.

• Confirm the presence of protein in the extract.
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3.3.9 Phytosteroids and

Steroids

• Take 1 mL of plant extract in a test tube.

• Add equal volume of chloroform.

• Add few drops of sulfuric acid.

• Observe the brown ring.

• Confirm the phytosteroid.

3.3.10 Phlobatannins • Take 1 mL of plant extract.

• Add 2% hydrochloride.

• Observe the red-colored precipitate.

• Confirm the presence of phlobatannin.

3.3.11 Anthraquinones • Prepare 1 mL of plant extract.

• Add few drops of 10% ammonia solution.

• Observe the pink-colored precipitate.

• Confirm the presence of anthraquinones.
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Chapter 18

Treating Bacterial Infections in Fishes and Shrimps Using
Seaweed Extracts

S. Thanigaivel, John Thomas, Natrajan Chandrasekaran,
and Amitava Mukherjee

Abstract

The use of seaweeds in the treatment of bacterial infections can help to reduce antibiotic resistance. Use of
brown and green seaweed extracts, in particular, promotes immunological protection against fish and
shrimp. For 45 days, juveniles were given seaweed extracts in concentrations of 2.5 and 5 g kg-1 in
conjunction with their meal. The extracts contained bioactive molecules that were both antioxidant and
antibacterial in nature, making them very effective against infections. When compared to the other extracts,
the ethanol and aqueous extracts of the seaweeds give good antibacterial effect against bacterial infections in
fish, indicating that they were more effective. Using algal extracts to treat infections in aquaculture is a cost-
effective and ecologically friendly method of disease management. Using these extracts as a prophylactic
step could be beneficial.

Key words Seaweed extracts, Pathogenic infections, Fish and shrimp pathogen, Pathogenicity,
Treatment

1 Introduction

Aquaculture has seen a surge in popularity in recent years, particu-
larly in the production of fish and shrimp, and this is expected to
continue. Since the rapid expansion of the fish and shrimp indus-
tries has resulted in increased production of both fish and shrimps
as a result of the rapid development of aquaculture and the increas-
ing demand for fish, the production of both fish and shrimps has
increased [1]. Disease outbreaks are therefore more likely to occur
as a result of this. When it comes to mass mortalities in aquaculture,
infectious diseases produced by bacteria, viruses, and fungi are
among the most common causes. Viruses cause huge losses in
both farmed fish and shellfish production. There are a variety of
effective treatment methods available for various epidemics. Farm-
ers commonly employ antibiotics and/or pesticides to control
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dangerous organisms in their fields [2]. Drugs such as antibiotics
and chemicals, on the other hand, have been used sparingly since
they are expensive, nonbiodegradable, and highly biomagnified,
and antibiotic resistance has been increasing in recent years. Addi-
tionally, unfavorable side effects, such as ramifications for human
health and the health of nontarget species, have been observed in
some instances. Pesticides and antibiotics are being used indiscrim-
inately, which has created a heated debate among environmentalists
and government organizations about whether to outright ban
these products or allow them to be manufactured in a more
environmentally friendly manner [3]. It has received a great deal
of interest in the recent decade to study pathogen management in
aquaculture and illness prevention using herbs and phytochemicals.
Several highly bioactive secondary metabolites found in seaweeds,
such as sterols, hormones, vitamin B complexes, and
bio-membrane structure components, have been shown to contrib-
ute in the creation of novel functional aquaculture ingredients.
Several of these compounds have been studied for their potential
anticarcinogenic, antibacterial, and anti-inflammatory properties
[4]. To improve the defenses of shrimp, several researchers have
concentrated on the development of new bioactive chemicals
derived from seaweeds and other natural products. Furthermore,
the increased need for disease control strategies that are less harm-
ful to the environment has encouraged specialists to seek different
options. The primary objective is to determine how different sea-
weed extracts affected the growth, survival, and immune protection
of shrimp and fish against bacterial infections [5].
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2 Materials

2.1 Collection of

Experimental

Fishes [6]

• Healthy fingerlings.

• Glass container.

• Aerator.

• Fiberglass tank.

• Test tubes.

2.2 Isolation of

Bacterial Pathogen [4]

• Isolation of microorganism from infected fishes.

• Culturing in lab condition.

• Biochemical confirmation.

• 16 s rRNA identification.

• Koch postulate.

• Pathogenicity in fishes.
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2.3 Preparation of

Bacterial Inoculum [4]

• Culture bacteria on selective medium for pathogenicity
experiments.

• Incubated at 37 °C for 24 h.

3 Methods

3.1 Maintenance of

Experimental

Animals [7]

• Collect fingerling of fishes.

• Transport the fingerlings with proper aeration.

3.2 Collection and

Processing of

Seaweeds

• Collect seaweeds and shade dry it.

• Crush the powder and soak 5 g in 100 mL of respective solvents
for 48 h.

• Extract it using water, ethanolic, and other desirable solvents.

• Filter the extract and store in vitro and in vivo.

3.3 Antibacterial

Activity [8]

• Prepare Mueller Hinton agar and autoclave at 121 °C for
15 min.

• Pour the media into sterile plates.

• Perform agar well diffusion against pathogen.

• Dip the broth culture with a sterilized cotton swab.

• Remove the extra inoculum by squeezing the cotton swab on
the sides of the test tubes.

• Swab the cultures onto the media.

• Make two 8-mm-diameter wells with well cutter on the agar
plate.

• Add 0.5, 1, 1.5, 2, and 2.5 mg/mL of extract into the wells.

• Add respective solvents as a control in separate well.

• Allow the solution for 2 h to disperse.

• Incubate the plates for 24–48 h at 37 °C.

• Observe the zone of inhibition around the well.

3.4 Pathogenicity

and Treatment of

Seaweed Extracts [8]

Add the 1000 mL of water in a glass tank.

Keep three tanks.

Add five healthy fishes in all the tanks.

Inject 20 μL of bacterial pathogen (105) dilution to fishes kept in
tanks.
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Inject 20 μL of saline to fishes in one tank which serve as control for
pathogenicity.

• Inject 25 μL of respective extracts by intramuscular injection for
treatment.

• Inject saline into one set of fishes for control treatment [4, 9].
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Chapter 19

Preparation and Treatment of Seaweed Encapsulated Pellet
Feed in Fisheries Aquaculture

S. Thanigaivel, John Thomas, Natrajan Chandrasekaran,
and Amitava Mukherjee

Abstract

Aquaculture is one of the most effective methods of increasing world fish production. Disease outbreaks are
a significant problem in the aquaculture industry. Using chemotherapeutic approaches, disease outbreaks
have been treated and averted in the past. The usage of chemicals has detrimental consequences for the
environment as well as for the health of humans. Antibiotic resistance occurs as a result of repeated usage of
antibiotics over an extended period of time. The use of natural products such as medicinal plants, marine
algae, herbs, and their extracted compounds in the management of disease in fish and prawns is now being
explored. Single ingredients, combinations of two different compounds, and feed additives can all be
employed. The compounds produced by the extracts are more effective when supplied as encapsulated
beads.

Key words Seaweeds, Microencapsulation, Fish feed, Antibacterial compounds, Fish pathogen, Dis-
ease resistance

1 Introduction

Aquaculture provides protein supplements in the form of fish meal,
which is produced in large quantities. Aquiculture includes the
production of “food fish,” which are vertebrates and invertebrates
that are intended for human consumption, as well as the produc-
tion of non-food items such as pearls, seashells, and decorative
items [1]. There have been an enormous number of cultivated
aquatic plant species, such as seaweed, and cultivable critters pro-
duced in recent years. Apart from that, almost 43 million tons of
fish have been used as food sources for marine algae, which has a
range of applications. Farm-raised fish account for the majority of
primary production [2]. Fish residues account for the vast bulk of
the world’s total output of fish meal. International commerce in
fisheries and export of fisheries products is a significant economic
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activity in developing nations, accounting for over 10% of total
agricultural transportation in 2007. During the preceding five
decades, global fish production has expanded tremendously
[3]. In order to ensure long-term aquaculture productivity, the
use of biobased natural products in aquatic animal health and
disease management has become increasingly vital. Because of
environmentally friendly techniques, this was made possible.
These biobased natural products can be used to replace synthetic
chemicals in the environment. Environmentally friendly processes
are employed in the creation of such natural items, which aids in the
solution of environmental problems created by synthetic chemicals
[4]. It is necessary to compactly anchor the components using a
polysaccharide including sodium caseinate and sodium alginate
biopolymer matrix. Encapsulating bioactive chemicals in this man-
ner is a novel approach of preventing biological degradation and
oxidation of the molecules [5]. The bioactive characteristics of
microencapsulated products are preserved for a longer period of
time. The active chemicals isolated from seaweed extracts, which
were chosen for their antibacterial and antioxidant capabilities,
were investigated in the current study to determine their effects
[6, 7]. They were microencapsulated in a biopolymer system in
order to examine their antibacterial properties and growth-
stimulating factors against diseases that affect fish and shrimp,
with the goal of improving health and disease resistance in the
animals [8, 9]. This development of a bioeffective diet supplement
for use in fish feed is very effective [10].
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2 Materials

2.1 Collection of

Seaweeds and

Experimental

Fishes [11]

• Marine algae—brown and green seaweeds.

• Distilled water.

• Plastic containers and jars.

• Plastic trays.

• Petri dish.

• Mixer grinder.

• Filtering funnel.

• Conical flask.

• Healthy fingerlings.

• Glass container.

• Aerator.

• Fiberglass tank.

• Test tubes.
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2.2 Extraction of

Active Compounds

[10, 12]

• Crude extracts of seaweeds.

• Column chromatography.

• Silica gel.

• Solvents.

• Blotting papers.

3 Methods

3.1 Preparation of

Bioactive Compounds

[10]

• Collect seaweeds and shade dry it.

• Powder the samples.

• Add 5 g of seaweeds with 100 mL of ethanol.

• Keep in shaker for 24 h.

• Take a glass column.

• Pack silica gel column (2 × 25 cm) with cotton wool.

• Add mobile phase solvent till it reach cotton wool.

• Add the extract into the column.

• Collect each fractions separately.

3.2 Encapsulation of

Active Compounds

[10]

• Mix sodium caseinate and xanthan gum with 1% glycerol and
Milli-Q water.

• Add the purified bioactive compounds to the biopolymer matrix
and mixed together.

• Perform mixing in magnetic stirrer.

• Keep for 24 h.

• Drop the biopolymer matrix into 1 N HCL using 5 mL syringe.

• Observed for bead formation.

• Filter the HCL using muslin cloth.

• Collect the beads and wash three times in Milli-Q water.

• Dry the beads over night at room temp.

3.3 Feed Treatment

[10]

• Add the 1000 mL of water in a glass tank.

• Keep three tanks.

• Add five healthy fishes in all the tanks.

• Inject 20 μL of bacterial pathogen (105) dilution to fishes in two
tanks.

• Inject 20 μL of saline to fishes in other tank.
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• In one tank (fish injected with pathogen), add 1 g of beads
(treated).

• In other two tanks, add normal fish feed (control).

• Observe the results and compare between control and treated.
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Chapter 20

Treatment Using Seaweeds in Fishes and Shrimp
by In Vivo Method

R. Bharath, K. Karthikeyan, R. Vidya, and R. Sudhakaran

Abstract

Disease outbreak is a serious issue in aquaculture sector, influencing the development of fishes and shrimp.
The emergence of pathogens in shrimp and fish has caused significant economic impairment and had
devastating impact on the aquaculture industry. However, there are no efficient therapeutic methods
available for control of diseases. In order to control disease condition in shrimp and fishes, the use of
medicinal plants, seaweeds, and their secondary metabolites has gained importance. Dietary supplementa-
tion with seaweeds has the ability to increase immunological response and physiological function. Here, we
describe how the bioactive compound from seaweed is isolated and used as feed for aquatic animals.

Key words Seaweed extracts, Animals, Immune-response, Antioxidant

1 Introduction

Seaweeds or marine algae are marine aquatic plants that inhabit the
coastal regions of oceans and seas [1]. These are macroscopic algae
that are found attached to the solid bottom of rocks, shells, and
other plant material. It constitutes about 6000 species with a great
diversity of forms and sizes and only 5% of it is being used. Sea-
weeds have a great source of bioactive compounds and produce
secondary metabolites that exhibit a wide range of biological func-
tion such as antibacterial [2], antifungal, antiviral, anti-
inflammatory, nematocidal, and anticoagulant [3, 4]. Based on
their pigmentation, they are divided into three categories, such as
Rhodophyta (red algae), Chlorophyta (green algae), and Phaeo-
phyta (brown algae). The demand for seaweed usage has increased
in the last decade.

Aquaculture is the fastest-growing animal production industry.
Shrimp and fish are one of the most traded aquaculture products,
accounting for one of the largest groups of exported species in
terms of price. Diseases are one of the key impediments in
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aquaculture development, costing the business more than $6 bil-
lion each year. The necessity of reducing chemical use is an impor-
tant concern because the application of various chemotherapeutics
including antibiotics has a deleterious influence on immune system
of fish and shrimp [5]. To control the diseases in aquatic animals,
several immunization strategies including DNA vaccines and
recombinant vaccines were used. The oral route of administration
(feed) is the most prominent route of delivery, but the infected
animals may lose their appetites and fail to adequately ingest or
digest their feed. This eventually leads to the release of antibiotics
into the environment via feces. However, the development of vac-
cinations is more concerned with safety than effectiveness. The
increased pressure to phase out certain traditional disease manage-
ment measures is prompting farmers to look for non-harmful alter-
natives to treat and prevent disease outbreaks. In recent years, the
interest toward seaweeds and their extract has increased due to their
ability to boost growth, immunological response, and diseases
resistance in aquatic animals. Seaweed exhibits great source of
antimicrobial activity, but the amount of efficacy differs by species.
Compared to other antibiotics and chemical drugs, the seaweed
extracts are cost-effective and are easily biodegradable, and they
easily degrade in natural aquaculture systems. The extract obtained
can be either a single compound or a mixture of two different
compounds. The delivery of compounds obtained from the extracts
was shown to be more effective when delivered in the form of
encapsulated beads [6].
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2 Materials

2.1 Collection of

Seaweeds

• Seaweeds.

• Grinder.

• Airtight container.

2.2 Preparation of

Seaweed Extract

• Seaweed powder.

• Petroleum ether.

• Acetone.

• Chloroform.

• Methanol.

• Incubator.

• Whatman no. 1 filter paper.

• Rotary vacuum evaporator.
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2.2.1 In Vitro

Antibacterial Activity

• Sterile cotton swab.

• Sterile well cutter.

• Agar plate.

• Seaweed extract.

2.3 Treatment Using

Seaweed Extract

• NTE buffer.

• Seaweed extract.

2.3.1 Bioassay • Fish/shrimp.

2.4 Treatment Using

Pellet Feed

• Fish meal.

• Groundnut oil cake.

2.4.1 Preparation of

Seaweed Diet

• Soybean powder.

• Wheat bran.

• Vitamins.

• Mineral mix.

• Binder.

• Seaweed active fraction (SAF).

2.4.2 Feeding Trail • Pellet feed.

• Fish/shrimp.

2.5 Determination of

Immune Parameters

After Bioactive

Compound

Administration

• 1 mL needle.

• 1.5 mL microcentrifuge tube.

• Anticoagulant (0.45 M NaCl, 0.1 M glucose, 30 mM sodium
citrate, 26 mM citric acid, 10 mM EDTA at pH 7.5).

2.5.1 Blood Sample

Analysis

3 Methods

3.1 Collection of

Seaweeds

• Collect fresh seaweeds and remove impurities and salts present
on the surface using tap water.

• Shade dry the sample for 72 h.

• Prepare dried seaweeds into fine powder and store in an airtight
container for further experiments.

3.2 Preparation of

Seaweed Extract

• Weigh 10 g of powdered seaweed and extract it using different
solvents such as petroleum ether, acetone, chloroform, metha-
nol, and water (1:100 w/v).

• Keep it in shaker incubator for 24 h at 37 �C [7].
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• Then filter the extract using Whatman no. 1 filter paper and
evaporate via rotary vacuum evaporator.

• To calculate the sample’s dry yield, determine the dried yield of
the seaweed extract produced using differential extraction
procedure.

3.3 In Vitro

Antibacterial Activity

• To determine the antibacterial activity of seaweed extract, agar
well diffusion technique can be performed.

• A sterile cotton swab was used to disseminate an inoculum of
the bacterial pathogen at 108 cfu/mL on top of the solidified
agar plate.

• Then by using a sterile well cutter, punch 8-mm-diameter well
into the agar plate.

• Add various concentrations of seaweed extract and allow it to
diffuse for 2 h.

• Then incubate the plate at 37 �C for 24 h.

• The antibacterial activity will be determined with the highest
zone of inhibition around the well [8, 9].

3.4 Treatment Using

Seaweed Extract

• The antibacterial and antiviral activity of seaweed extract in vivo
can be examined by intramuscular injection.

3.4.1 Bioassay • Divide the animals into three groups and conduct the study in
triplicates.

• Group 1 was injected with NTE buffer served as negative
control; group 2 was injected with 100 μL (5 μL of pathogen
and 95 μL of NTE buffer) pathogen which served as positive
control; and group 3 was injected with 100 μL (5 μL of patho-
gen, 20 μL of extract, and 75 μL of NTE buffer) pathogen
challenged with 1 mg/mL extract.

• Feed the animals twice a day using commercially available
feed [10].

• The CM% can be calculated by the total number of animals in
the control group by the total number of animals in experimen-
tal groups multiplied by 100 [11].

3.4.2 GC–MS Analysis of

Seaweed Extract for

Identification of Bioactive

Compounds

• To determine the chemical composition of seaweed extracts, as
well as the presence of bioactive natural compounds, GC–MS
can be used [12].

3.4.3 FTIR Analysis for

Identification of a

Functional Group

• To identify functional groups, present in the seaweed extract,
FTIR spectroscopy can be performed [13].
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3.5 Treatment Using

Pellet Feed

• The pellet diet contains 56% fish meal, 20.7% groundnut oil
cake, 11% soybean powder, 6% wheat bran, and 2% vitamins and
mineral mix, 2% cod liver oil, and 2% binder [14].

3.5.1 Preparation of

Seaweed Diet • The solvent extract of the seaweed active fraction (SAF) should
be included individually into the test at a different concentra-
tion mixed with the basal ingredients at 100, 200, 300, and
400 mg kg�1.

• Using manual feed pelletizer, pelletized the feed through a sieve
(2 mm).

• In control diet, seaweed active fraction is not added.

• The feeds can then be air-dried at 60 �C for 18 h before being
packed individually in the appropriate vessel.

3.5.2 Feeding Trail • Inject the pathogen intramuscularly (IM) into the shrimp or fish
from the experimental and control groups [15].

• During the challenge experiment, feed all the animals with
relevant experimental diets two times a day.

• Perform the study in triplicates and for negative control normal
feed should be given.

• The unfed and fecal matter must be removed daily by water
exchange.

3.5.3 Growth

Performance

• At the end of the experiment period, estimate the growth para-
meters by dividing total animal weight in each net enclosure by
the number of animals [16].

• The following variables can be estimated:

Weight gain (WG) (%) 100 (Wf Wi)/Wi.

Specific growth rate (SGR) (% day�1) 100 (lnWf lnWi)/t.

Survival (%) 100 Nt/No.

Feed conversion ratio (FCR) dry feed intake/(Wt Wo).

Protein efficiency ratio (PER) 100 (Wt Wo)/(I CNf).

3.6 Determination of

Immune Parameters

After Bioactive

Compound

Administration

• Collect blood or hemolymph from the randomly selected ani-
mals in each group at the end of the experiment.

• Collect 0.5 mL of blood from each fish through cardiac vein
puncture with 1 mL needle [17].

• In shrimp withdraw 0.5 mL of hemolymph from the ventral
sinus cavity of each shrimp.3.6.1 Blood Sample

Analysis • Then add the samples to a tube containing 0.5 mL anticoagu-
lant solution (0.45 M NaCl, 0.1 M glucose, 30 mM sodium
citrate, 26 mM citric acid, 10 mM EDTA at pH 7.5).
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• Measure THC (total hemocyte count), TPP (total plasma pro-
tein), phenoloxidase activity (PO), peroxidase activity (POD),
and superoxide dismutase activity (SOD), and store in �20 �C
for further study.

3.6.2 RT-PCR Analysis • Total RNA was extracted and was converted into cDNA by
reverse transcription method [18].

• The mRNA expression of immune gene in animals fed with
control and experimental diets can be analyzed using real-
time PCR.

3.6.3 Histological

Analysis

• For comparative analysis of healthy, infected, and treated ani-
mals, different organs, such as gills, hepatopancreas, muscle,
etc., can be collected by dissection and can be used for
examination [19].
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Treatment Using Medicinal Plants in Fish and Shrimp

Vernita Priya, A. T. Manishkumar, K. Karthikeyan, and R. Sudhakaran

Abstract

Fish, like other animals, are susceptible to a variety of diseases. The disease is a major factor in fish mortality,
especially in young fish. Viral infections, bacterial infections, fungal infections, and other pathogens can
cause fish illnesses. Antimicrobial drug use in aquaculture could result in pathogenic bacteria developing
resistance. Alternatives to antibiotics have emerged in recent years and medicinal plants are one of the
options provided. Secondary metabolites and phytochemical substances found in these plants exhibit
antimicrobial properties in fish. The fact that they are native to the area gives them an edge, and the
majority of these plants are not harmful to humans and fish. This chapter summarizes the methods of
treatment using plant extracts as a long-term and successful alternative to chemical treatments in fish
farming.

Key words Medicinal plants, Immunostimulants, Antibacterial, Antiviral, Antifungal, Antiparasitic

1 Background

The fastest-growing food industry is aquaculture; however, global
demand will require a 50% increase in production by 2050. Every
year, aquaculture expands at a faster rate, and the most prevalent
sickness among pond caretakers is a fish disease, which spreads
quickly and causes uncontrollable loss and industry shutdown.
The crab sector, among the various aspects of aquaculture, has
grown dramatically in recent years as a result of global market
demand for crustaceans [1].

Plants are increasingly being employed as a treatment for a
variety of ailments, particularly those in which synthetic medica-
tions induce negative effects. The prevalence of diseases has
increased in aquaculture production and has gotten more intensive,
resulting in large economic losses. Vaccinations are costly for a large
number of fish growers, and their drawback of only being effective
against a single infection. Antimicrobials and other veterinary med-
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ications are commonly used as prophylactics (to prevent infections
before they arise), therapeutics (to treat sick animals), and growth
promoters in fish food, baths, and injections [2].
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Traditional medicine is based mostly on medicinal herbs, which
are consumed by roughly 3.3 billion people in underdeveloped
countries. Due to the presence of active components such as phe-
nolics, flavonoids, and others, plant extracts in aquaculture may also
show various activities such as stress reduction, appetite stimula-
tion, growth promotion, enhancement of immunostimulant, anti-
pathogen activity, and maturation of culture species. Due to their
antioxidant and antibacterial characteristics, herbal extracts offer
crucial properties such as disease control. Plant extracts are known
to have various modes of action due to their complexity [3].

In aquaculture, bacterial illness is a severe problem, and anti-
biotics are occasionally used to treat it. Bacteria are the pathogenic
agents with the greatest economic impact. Bacterial illnesses kill a
lot of fish, both in captivity and in the wild, all over the world.
Antibiotic use regularly can lead to bacterial resistance and undesir-
able residues in aquaculture products and the environment. Bacte-
rial infection of fish and its products may have an impact on human
health, either directly by causing illness or indirectly via antimicro-
bial drug residues’ leftover from treating infections in fish that
affect humans. Resistant bacterial strains may harm fish illness
treatment and the environment of fish farms [3].

The breeding of marine fish is quite profitable in India. The rise
of viral-caused infectious illness, which is affecting many high-value
fish species and causes massive economic loss, is one of the biggest
risks to the aquaculture business. Plant-based natural compounds
are an important source for finding effective antiviral medicines.
The most significant technique for testing the efficacy of an antiviral
treatment is animal cell culture. For viral diagnostics, several fish
cell lines have recently been produced [4].

In most cases, fungi infect fish as a result of another factor or
pathogen, such as poor water quality, poor condition, trauma
(rough handling or aggression), bacterial illness, or parasites.
Fungi can be exterior or inside, and they can spread throughout
the body. Fungi can wreak havoc on reproduction by infecting
fertilized eggs in spawns, for example. In poorly stored feeds,
certain species of fungi can thrive and create mycotoxins. Freshwa-
ter and brackish water fish are most commonly infected by water
molds, which are the most prevalent of all fungal infections
[5]. Fungal agents have gotten a lot of attention over the last
decade, especially in wild fish populations.
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2 Soxhlet Method

2.1 Materials – Plant material.

– Flask.

– Soxhlet extractor.

– Glass wool.

2.2 Methods – Fresh plant material or dried plant material is taken.

– The amount of plant material utilized should be enough to fill
the porous cellulose thimble.

– The solvent (ethanol) transferred to a round-bottom flask.

– Inside Soxhlet extractor, crushed plant stuff is placed.

– Glass wool is taken and placed on the side arm of the Soxhlet
extractor. The isomantle heats the solvent, which starts to evap-
orate as it passes through the device to the condenser.

– The solvent reaches the syphon and pours back into the flask,
and the cycle is repeated for 16 h.

– Following the completion of the process, rotary evaporator is
used to evaporate the ethanol, leaving a small amount of
extracted plant material in the glass bottom flask (approximately
2–3 mL) [6].

3 Digestion

3.1 Materials – Plant material.

– Water bath/oven.

3.2 Methods – This is a method of extraction that uses mild heat during the
extraction process.

– The extracted solvent is placed in a clean container, with the
powdered drug material.

– At a temperature of about 50� C, the mixture is placed in
water bath.

– Throughout the extraction procedure, heat is needed to reduce
the viscosity of the extraction solvent and improve the removal
of secondary metabolites.

– Plant materials which are easily soluble are used.

– Filtration and decantation is performed to separate the
extract [7].
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4 Plant Dye Extraction

4.1 Materials – Plant material.

– Cheese cloth/cotton wool/paper filter.

4.2 Methods – Different plant parts which are used to manufacture dye are
taken.

– Plant part is collected and dried in the shade or in the sun before
extraction.

– Homogenize using manual or electric grinding equipment to
break it down into very small pieces or powder.

– Optimal extraction conditions determined by varying extraction
parameters such as solvent type, extraction time, plant material
to solvent ratio, temperature, and pH, which are all dependent
on the properties of specific dye components.

– Following extraction, filter the extract filters using cheesecloth,
cotton wool, or a paper filter [7].

4.3 Source of

Medicinal Plant

Medicinal plants with different parts, like leaves, rhizome, roots,
fruit, bark, seed, and bulb, are used to extract different secondary
metabolites and phytochemical compounds, like alkaloids, flavo-
noids, and tannins [8].

4.4 Preparation of

Fish Feed

Formulations

– The dried feed (with a final moisture level of 6–10%), semi-moist
(with 35–40%), or wet (with a moisture content of 50–70%).

– Depending on the fish’s feeding requirements, the pellets will be
modified to sink or float [8].

– Feed ingredients mixed for 5 min before adding 200 mL kg�1 of
water and mixing for another 5 min.

– The mixture is then formed into a ball-like structure and auto-
clave for 45 min.

– After autoclaving, the herbal ingredients should be thoroughly
mixed [9].

– The cylindrical dried feed will be packed in plastic bags and
stored in a cool, dark place.

– Fish feeding is done at a rate of 3% twice a day in feeding trials for
8 weeks. The edge of the fins will develop and destroy more
tissue over time [10].

4.5 Administration of

Medicinal Plants in

Aquaculture

These techniques of administering medicinal herbs for preventing
and treating various fish illnesses are stated to have no dangers of
contaminating the environment or harming fish and humans.
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– Medicinal herbs administered to fish and shellfish through injec-
tion (intramuscular or intraperitoneal), oral delivery, and immer-
sion or bathing [11].

– The most common technique of administering medicinal plants
is through oral administration. Bacterial infections can be trea-
ted by including them in fish diet.

– The therapeutic or preventive dose must be calculated using the
medicinal plant and the number of fish swallowed [12].

– Bathing fish in various medicinal plant solutions can also yield
positive results. Various plant extracts can treat bacterial and
fungal infections by immersing fish in them. The therapeutic
or preventive dose should be calculated using the medicinal
plant and the number of fish swallowed.

– Intraperitoneal injection is the most effective way to deliver the
appropriate dose. An injection quickly raises the antibacterial
substance levels in the blood and tissues [12].

– Medicinal plants could be used alone or in combination with
trace elements and probiotics to treat fish diseases [12].

– Baths are often used to treat ectoparasites. As a result, oral
treatment is a good alternative for aquaculture, as medicinal
herbs can improve fish health and disease resistance.

4.6 Bacterial

Diseases of Fish and

Shrimp

In aquaculture, bacterial illness is a severe problem, and antibiotics
are occasionally used to treat it. Antibiotic use on a regular basis can
lead to bacterial resistance and undesirable residues in aquaculture
products and the environment.

5 Materials and Methods

5.1 Preparation of

Herb Extracts

– Eclipta alba is used.

– To facilitate easy solubility of the herb extract in antibacterial
testing, the crude extract is further producing as complex gran-
ules using polyvinylpyrrolidone (PVP) [13].

5.2 Antibacterial

Tests

– Antibacterial testing is done using Tragen’s agar plate dilution
method.

– Guava extract will be made in a series of twofold dilutions
providing values ranging from 0.625 to 10 mg/mL.

– To reduce the inoculum for the test plates, preculture in tryptic
soy broth for 18 h at 30 �C. Two percent NaCl is added as a
supplement.
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– Before overlaying on the test plates, the precultured broth
(0.1 mL) is mixed with 1 mL of the same broth.

– Antibacterial activity will be tested by seeing bacteria develop
after incubation at 30 �C for 24 h [13].

5.3 Efficiency

of Herbs

10 mg/mL of extracts from E. alba can completely inhibit all of the
microorganisms tested (100%). One (8.3%) and ten (83.3%) of the
studied strains can be suppressed by concentrations of 2.5 and
5 mg/mL, respectively. This plant can prevent Macrobrachium
rosenbergii from Aeromonas hydrophila infections [13].

5.4 Viral Diseases of

Fish and Shrimp

– Using sterile syringes, infected shrimp’s hemolymph is drawn
directly from the heart.

5.4.1 Preparation of Viral

Inoculum

– Centrifuge the hemolymph at 3000g for 20 min at 4 �C.

– The supernatant will be filtered through a 0.4 m filter after being
recentrifuged at 8000g for 30 min at 4 �C.

– Store the filtrate at 20 �C for infectivity testing [14].

5.4.2 Preparation of

Plant Extracts

Medicinal plant Cynodon dactylon which is previously reported for
antiviral activity can be used.

– The plant is dried and extraction is done separately with petro-
leum ether, benzene, diethyl ether, chloroform, ethyl acetate,
methanol, ethanol, and distilled water using a Soxhlet device.

– Crude extract will be filtered using Whatman No. 1 filter paper
before drying in a vacuum evaporator at 40 �C and
25–30 mm Hg.

– The crude extracts (100mg) are mixed in 0.2 mL acetone before
mixing with 0.8 mL distilled water at 1000 ppm.

– In the final test, polysorbate 80 (Tween 80) is used with the
extract. Negative control extract is made up of a mixture of
acetone and polysorbate 80 [14].

5.4.3 Determination of

Antiviral Activity

– For the bioassay, a 30 μL of viral suspension, plant extract, and
NTE buffer (0.2 M NaCl, 0.02 M Tris–HCl, and 0.02 M
EDTA, pH 7.4) is injected intramuscularly into shrimp or fresh-
water crabs (five animals per tank) (5 L viral suspension, 10 L
plant extract with varying concentrations (100 or 150 mg/kg of
animal body weight), and 15 L NTE buffer).

– A mixture of 25 μL NTE buffer and 5 μL virus suspension is
used as positive control, which will be combined with plant
extracts at varied doses.
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– Before injection keep it at 29 �C for 3 h.

– The combination is delivered intramuscularly into experimental
animals after 3 h.

– After infection, the experiment will be carried out for up to
30 days. Record the results [14].
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N. Chandra Mohana, A. M. Nethravathi, Raghu Ram Achar,
K. M. Anil Kumar, and Jalahalli M. Siddesha

Abstract

Aquaculture has gained prominence globally in recent years particularly in fish and shrimp production. The
increased surge of demand has led to a rapid increase in several aquaculture setup implementations.
However, it also has raised the risks of disease outbreaks leading to mass mortality rates caused by bacteria,
viruses, and fungi. Also, inappropriate use of antibiotics leading to resistance in microbial pathogens is an
expanding threat. Hence, feed preparation and characterization using ethnomedicinal plants could offer
relief for the present requisite in aquaculture. Feed formulation by analyzing nutritional needs supplemen-
ted with ethnomedicinal plant-based feeds would benefit aquaculture in encountering antibiotic resistance.
The feed formulation using plant-based feeds would envision natural solutions for infections along with
economical sustainability with low-cost feed for the growing aquaculture industry.

Key words Aquaculture, Feed, Medicinal plants, Antimicrobial, Phytocompounds

1 Introduction

In terms of species, agricultural methods, and environmental cir-
cumstances, aquaculture is the world’s most diverse farming prac-
tice. Aquatic farming is a rapidly expanding agricultural sector for
the production of high-protein meals with fish and shellfish being
widely produced globally [1, 2]. Fish has long been recognized as a
low-cost, high-quality protein source, with demand and consump-
tion rising in several developing countries [3]. It is impossible to
precisely calculate the total number of farmed species and the
extent to which they are farmed; typically, reports that include
such figures are limited and inaccurate.

The primary challenges for fish farmers are cultivating highly
produced fish and disease-resistant cultured fish [4]. Also, the high
cost of high-quality fish feed is one of the barriers to aquaculture
development. With disease outbreaks increasing in lockstep with
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the expansion of intensive aquaculture, the need for low-cost fish
feed with multifunction attributes is the need of the hour. The
inappropriate use of antimicrobial drugs in fish aquaculture is
worsening the global problem of antibiotic resistance [5]. The
expanding demand for animal protein for human use has resulted
in an alarming increase in the necessity for lifesaving medications in
these modern animal production systems. Because of the emer-
gence of antibiotic resistance in bacteria, which threatens to undo
most of the medical progress made in the previous decades, the
number of antimicrobials available for disease treatment is becom-
ing increasingly limited, expensive, and, in some cases, unavailable.
According to the findings of the study, the lack of aggressive disease
control has harmed long-term fish output [6].
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Antimicrobials have primarily been used in aquaculture for
therapeutic and preventative purposes [7]. With antibiotics being
completely banned as a feed additive in the European Union due to
concerns that they may contribute to bacterial resistance or endan-
ger human health via residues in animal by-products, there is a need
for natural alternatives [8]. Natural resources, such as medicinal
herbs, have been used to treat a wide range of human illnesses for
thousands of years. Numerous active compounds with potential
bioactivities have been identified.

As a result, there has been a surge in interest in using medicinal
plants in aquaculture to provide safe and environmentally accept-
able alternatives to antibiotics and chemical compounds, as well as
to boost immune function and control fish diseases. Herbs, seeds,
and spices are used as immunostimulants in a variety of forms,
including crude, extracts, blended, and active chemicals, resulting
in a significant improvement in fish immune systems, allowing them
to avoid and control microbial illnesses. Plant segments such as
seeds, roots, blooms, and leaves also displayed varying degrees of
activity. As measured by increases in immunological parameters,
medicinal plants were found to boost both cellular and humoral
immune responses. When injected, immersed, or taken orally,
medicinal plants have been shown to boost the immune system to
varying degrees and quantities. However, determining the optimal
dose to boost fish immune systems while avoiding immunosuppres-
sion is critical. Certain medicinal plants have been successfully used
to replace the protein in fish meal as a low-cost source of protein.
Medicinal plants can function as both an immunomodulator and a
growth stimulant [9].

2 Materials

(i) Proteins (essential amino acids).

(ii) Carbohydrates (sugars, starch).
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(iii) Lipids (fats, oils, fatty acids).

(iv) Vitamins.

(v) Minerals.

(vi) Medication: plant extracts/phytocompounds.

vii) Aqueous and organic solvents.

iii) Pelleting apparatus.

3 Methods

3.1 Preparation of

Feed Supplemented

with Phytocompounds

The controlling of microbial infections in aquaculture is tradition-
ally done with the application of antimicrobial agents in aquacul-
ture. In this regard, medicated feeds are being developed by using
medicinal plants [5]. The medicinal plants and extracts with anti-
bacterial, antiviral, and antifungal activity in fish and shrimps have
been enlisted in Table 1, and the steps involved in feed preparation
and characterization have been depicted in Fig. 1.

Aqueous Extract Preparation [10]

• Weigh and dissolve the plant material in 100 mL of water.

• The aqueous solution is heated in a water bath at 80 �C for
15 min.

• The mixture is then allowed to cool to room temperature before
being centrifuged at 6000 rpm for 10 min.

• The supernatant solution’s filtrate is collected and mixed with
fish feed.

Alcoholic Extract Preparation [11]

• In 100 mL EtOH/MeOH, ground air-dried plant material is
shaken.

• The alcoholic solution is heated for 48 h at 40 �C.

• Filter paper (Whatman No. 1/4) was used to filter the insoluble
material, which was then evaporated to dryness at 40 �C under
decreased pressure.

• Weigh the extract and combine it with fish feed.

Solid Fish Feed Preparation [12]

• Plant material is thoroughly washed, rinsed, and cut into small
pieces.

• Plant material is weighed, and paste is obtained with aid of a
homogenizer.
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Table 1
Medicinal plants exhibiting antimicrobial activities in aquaculture

Name of plant Name of microorganism

Vitis adnata (essential oil) Salmonella pullorum

Cymbopogon citrates (oil) Shigella flexneri, Escherichia coli, Staphylococcus
aureus, Salmonella typhi,Klebsiella pneumoniae

Chamaesyce hirta Shigella flexneri

Ipomea fistulosa (ethanolic extract) Streptococcus faecalis

Cabbage juice Staphylococcus aureus

Anacardium occidentale Staphylococcus aureus, Serratia marcescens

Bhallatakasava and Sukshma Triphala Clostridium titani

Eucalyptus oil Mycobacterium avium

Centella asiatica Bacillus subtilis, Escherichia coli, Pseudomonas
aeruginosa, Psendomonas cichorii

Terminalia bellerica, Garcinea gummigulla,
Anisomeles malabarica, Aegle marmelos,
Alangium saluifolium, and Zizyphus jujuba

Bacillus subtilis, Staphylococcus aureus, Escherichia
coli, Pseudomonas aeruginosa

Azadirachta indica Mycobacterium tuberculosis, Streptomycin resistant
strains

Ocimum sanctum Escherichia coli, Bacillus anthracis,Mycobacterium
tuberculosis

Gloriosa superb (leaf extract) Staphylococcus aureus, Bacillus subtilis, Klebsiella
pneumoniae, Escherichia coli

Triphala churna, Hareetaki churna and Dashmula
churna

Staphylococcus epidermidis, Proteus vulgaris,
Staphylococcus aureus, Escherichia coli,
Pseudomonas aeruginosa, Salmonella typhi

Moringa oleifera(leaf extract) Bacillus cereus, Bacillus subtilis, Staphylococcus
aurens, Mycobacterium phlei

Calotropis procera (Ethanolic extract) Enterobacter cloacae, Fusarium moniliforme

Adhatoda vasica Pseudomonas fluorescens

Pericarpium granati, Rhizoma sanguisorbae, Fructus
schizandrae, Rheum officinale

Vibrio alginolyticus

Acorus calamus, Indigofera aspalathoides Aeromonas hydrophila

Ulva fasciata Vibrio parahaemolyticus

Allium sativum, Magnifera indica kernel,
Azadirachta indica

Aeromonas hydrophila

Neem extract Vaccinia virus, Chikungunya, Measles and
Coxsackie viruses
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(continued)

Name of plant Name of microorganism

Maclura cochinchinensis, Centella asiatica,
Mangifera indica, Cynometra cloiselli,
C. madagascariensis, Ravensara retusa,
Evonymopsis longipes, Terminalia monoceros,
Acorus calamus extracts

Herpes Simplex virus

Syzygium kurzi, Syzygium megacarapum (extract) Encephalitis causing virus

Scilla hyacianthiana, Dillemia pomifera, Smilax
perfoliadour, Rosa osmastonii (extract)

Semilike Forest virus (SFV), Ranikhet diseases
virus (RDV)

Cyanodon dactylon, Aegle marmelos,
Tinosporacordifolia, Picrorhiza kurooa, Eclipta
alba

White spot syndrome virus (WSSV) challenged
Penaeus monodon

Ocimum sanctum (extract) Anti-viral property

Geranium sanguineum(polyphenolic extracts) Various strains of human, avian and Equine
Enfluenza virus

Hyptianthera stricta (Ethanolic extract) Encephalomyocarditis and Japanese Encephalitis
virus

Anti-WSSV drugs (MP07X) derived from the marine
plant and (TP22C) derived from terrestrial plant

WSSV infected Litopenaeus vannamei

Anti-WSSV drug (TP22C) derived from terrestrial
plants

WSSV infected Litopenaeus vannamei

Fructus prunusis Black gill disease in farm shrimp
Platanus orientalis caused by Fusarium
oxysporum

Helenium quadridentatum (extract) Saprolegniasis in fish

Neem leaf (extract), oil and seed Trichophyton, Epidermophyton, Micrsporum,
Trichosporon, Geotircum, Candida
Deuteromyceteous

Turmeric oil Dermatophytic fungi, Trichophyton rubrum

Chenopodium ambrosioides Trychophyton mentagrophytes, Microsporum
audouinii

Garlic clove extract Fusarium solani

Bauhinia variegate leaf extract Aspergillus fumigatus, Aspergillus niger

Nelumbo nucifera Potent anti-fungal and anti-yeast activity

Eucalyptus citriodora, Eucalyptus dalrympleana,
Eucalyptus laveopinea (essential oil)

Dermatophytes

Eucalyptus citriodora Pyricularia grisea

Adopted from Raman [16]
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Fig. 1 Overview of feed components, preparation, and characterization

• Fine extracts with fibrous particulates are filtered with fine mesh
cloth followed by filtration using Whatman 541 filter paper.

• The crude extracts are collected and stored at 10 �C.

Fish Feed Formulation with Phytocompounds or Plant
Extracts [13]

• Various methods for integrating medication differ depending
on the type of feed. The medicinal plants/extracts and phyto-
compounds with antimicrobial activity in aquaculture are
enlisted with their target infectious organisms in Tables 2 and 3.

• Dry pellets can be diluted in water or oil before being sprinkled
over food [13].

• To make moist pellets, the medication should be thoroughly
mixed with the other ingredients in the diet before extrusion.

• Both situations require that medication be evenly distributed
and included in the final meal.

• To limit the possibility of medicine leaching, pellets could be
coated or dried.

• The medicated feed should be fed to the net pen in a timely and
even manner.

• Only active fish will devour the food if it is slowly distributed;
sick and inactive fish will starve to death.

• Feed should be supplied in a suitable ratio and at two or more
feedings each day to ensure continuous acceptance.
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Table 2
Antimicrobial molecules studied for their antiparasitic activity for aquaculture

Source (botanical
name)

Host (common
name)

Allicin Allium sativum Neobenedenia sp. Lates calcarifer
(Barramundi)

[17]

Bruceine A
and Bruceine D

Brucea javanica Dactylogyrus
intermedius

Carassius auratus
(Goldfish)

[18]

Chelerythrine Chelidonium majus Ichthyophthirius
multifiliis

Ctenopharyngodon
Idella (Grass carp)

[19]

Chelerythrine and
chloroxylonine

Toddalia asiatica Ichthyophthirius
multifiliis

Carassius auratus
(Goldfish)

[20]

Dihydrosanguinarine
and
dihydrochelerythrine

Macleaya microcarpa Ichthyophthirius
multifiliis

Squaliobarbus
curriculus

(Barbel chub)

[21]

Dioscin and polyphyllin
D

Paris polyphylla Dactylogyrus
intermedius

Carassius auratus
(Goldfish)

[19]

Ginkgolic acids (C13:
0 and C15:1)

Ginkgo biloba Pseudodactylogyrus Anguilla (Common
eel)

[22]

Gracillin and Trillin Dioscorea
zingiberensis

Dactylogyrus
intermedius

Carassius auratus
(Goldfish)

[23]

Osthol and
isopimpinellin

Fructus cnidii Dactylogyrus
intermedius

Carassius auratus
(Goldfish)

[24]

Osthole Radix angelicae
pubescentis

Dactylogyrus
intermedius

Carassius auratus
(Goldfish)

[25]

Pentagalloylglucose Galla chinensis Ichthyophthirius
multifiliis

Ictalurus punctatus
(Channel catfish)

[26]

Piperine Piper longum Argulus spp. Carassius auratus
(Goldfish)

[27]

Sanguinarine Macleaya microcarpa
Macleaya cordata

Dactylogyrus
intermedius

Ichthyophthirius
multifiliis

Carassius auratus
(Goldfish)

Ctenopharyngodon
idella (Grass carp)

[28]

The powdered ingredients are dried at 70–100 �C in an oven
for 24 h. The ingredients are individually weighed and mixed
thoroughly using a hand mixer. The mixed composition is sub-
jected to densification into pellets. Single pellets are produced using
a pelletizing apparatus The pellets are then stored in a sealed plastic
container at 4 �C until used [14]. Meanwhile, the application mode
of the phytocompounds is based on the nature of the cultivation
employed as follows:
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Table 3
Antimicrobial plant extracts studied for their antiparasitic activity for aquaculture

Source (botanical
name)

Host (common
name)

Aqueous extract Cinnamomum cassia Dactylogyrus
intermedius

Carassius auratus
(Goldfish)

[29]

Aqueous extract Capsicum frutescens Ichthyophthirius
multifiliis

Carassius auratus
(Goldfish)

[30]

Aqueous extract Camellia sinensis Trichodina sp. Oreochromis
niloticus (Nile
tilapia)

[31]

Crude extract Allium sativum and
Terminalia catappa

Trichodina sp. Oreochromis
niloticus (Nile
tilapia)

[32]

Crushed garlic
cloves

Allium sativum Trichodina sp.
Gyrodactilus sp.

Oreochromis
niloticus (Nile
tilapia)

[33]

Essential oil Melaleuca alternifolia Uronema sp.
Ichthyophthirius
multifiliis

Pampus argenteus
(Silver pomfret)

Piaractus
mesopotamicus
(Pacu)

[34]

Essential oil Origanum
minutiflorum

Myxobolus sp. Diplodus puntazzo
(Sheephead
bream)

[35]

Ethanol extract Artemisia annua Monogenea Heterobranchus
longifilis
(Vundu)

[36]

Freeze-dried Allium sativum Gyrodactylus turnbulli Poecilia reticulate
(Guppy)

[13]

Methanol extract Radix Bupleuri
chinensis

Dactylogyrus
intermedius

Carassius auratus
(Goldfish)

[36]

Methanol extract Magnolia officinalis
and Sophora
alopecuroides

Ichthyophthirius
multifiliis

Carassius auratus
(Goldfish)

[37]

Methanol extract Dryopteris
crassirhizoma

Dactylogyrus
intermedius

Carassius auratus
(Goldfish)

[38]

Methanol extract Piper guineense Gyrodactylus elegans
and Dactylogyrus
extensus

Carassius auratus
(Goldfish)

[29]

Methanol extract
aqueous extract

Semen aesculi Dactylogyrus
intermedius

Carassius auratus
(Goldfish)

[38]

Methanol extract
petroleum-ether
extract

Mucuna pruriens
Carica papaya

Ichthyophthirius
multifiliis

Carassius auratus
(Goldfish)

[39]
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Water Immersion

1. Bath immersion method: Based on the requirement of the
medicinal value for long exposure. The phytoconstituent
must be solubilized and essentially dispersed with the culture
media. For such requirements the application of
phytoconstituents.

2. Dip method of application is for short intervals of exposure,
wherein brief contact with a chemical that must be soluble is
introduced into the aquaculture system.

3. Flush method: Provision of the medicinal feed through flush
for a certain dosage requirement at a certain duration of time in
maintenance of the aquaculture.

4. Encapsulation method: Herein, the constituents are available
for a longer stay and controlled release into the medium and
considering to be relatively significant in having lesser danger of
environmental hazards. But requires the appetizing ingredients
to be added into the feed.

Medicated Feed
Direct dosage may be provided as an injection, oral route, or topical
application. This method of application requires expertise in
handling the living fish.

(a) Injection is feasible only with large fish with moderate use of
the constituent as per the requirements per body weight.

(b) Oral mode of application is cumbersome and requires appe-
tizing ingredients.

(c) Topical application for region-specific action but requires for-
mulation preparation.

3.2 Aqua Feed

Characterization

1. A variety of factors influence aqua feed quality, viz., handling,
processing, and storage of feedstuffs, as well as a variety of
market-related factors, which can all have an impact on feed-
stuff quality and safety. Before raw materials can be purchased,
quality, traceability, environmental sustainability, and safety
standards must be met.

2. Factory-produced feed has always been of high quality, but the
quality may have deteriorated by the time it reaches a grower’s
pond, i.e., commercial fish feed purchased stored outside in
bins on large farms. The nutritional value degrades over time,
diminishing palatability and aesthetics while also falling below
minimum criteria.

3. Long-term storage, among other things, can result in mold
growth, vitamin deterioration, and lipid rancidity. Unnecessary
handling destroys the feed bags and creates dust, which the fish
do not ingest and is thrown away.
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Table 4
The feed components with their units

Feed component Unit

Protein %

Fat %

Fibre %

Ash %

Macro minerals (calcium, phosphorus, sodium, etc.)
Phosphorus is usually expressed on an available basis

%

Trace minerals (zinc, manganese, iron, copper, selenium, etc.,) mg/kg

Amino acids (arginine, histidine, lysine, methionine, etc.,)
The amino acids are usually expressed on a digestible basis.

%

Fatty acids and other lipid components (linoleic acid, linolenic acid, EPA, DHA,
cholesterol, phospholipids, etc.,)

%

Starch and non-starch polysaccharides %

Energy (usually expressed as digestible energy for aquafeeds) kcal/kg or MJ/kg

Vitamins (vitamin A, thiamine, riboflavin, etc.) IU/kg, mg/kg, or
μg/kg

Phytocompound(s) or plant extract(s) mg/kg

4. Storage must be pest-free to prevent infection. Simple storage
is the most crucial part of conserving the items in good shape.

Feed Composition
Feed composition is analyzed by standard methods of proximate
analysis followed as per the guidelines from the Association of
Official Analytical Chemists (AOAC). The feed composition and
their concentration units are provided in Table 4.

Single Pellet Density
The pellets are measured for their individual weight using weighing
balance. The height and diameter are measured with a caliper. The
compact density for each formulation is calculated using the for-
mula given below and expressed as kg�3 [14]. This enables com-
parison of medicinal feed preparation along with traditionally used
commercial feed.

Density ¼ Mass
Volume



¼ ¼
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Single Pellet Durability
Durability of individual pellet is measured using the following
formula [14]. The durability changes as per the protocol followed
for a particular application procedure employed.

Durability %ð Þ ¼ W f

W i
� 100

Wf Final weight; Wi Initial weight.

Microstructural Characterization
The scanning electron microscope is used to observe the morphol-
ogy of the pellet powder ingredients [14]. This can further be used
for the assessment of action of the medicinal feed on the required
antimicrobial activity [15].

4 Conclusion

In conclusion, the medicinal plants have been used in the treatment
of parasitic, bacterial, viral, and fungal infections in fish and
shrimps. Feed formulation with effective doses of antimicrobial
plant extracts or phytocompounds provide the best treatment stra-
tegies for aquaculture of fish and shrimps. Since the medicinal
plants are well-known for their cultural acceptability and lesser
adverse effects on human health, integrating effective antimicrobial
components during feed formulation is essential.
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Chapter 23

Isolation and Identification of Actinomycetes

Haimanti Mondal, John Thomas, and Natarajan Amaresan

Abstract

Actinomycetes are Gram-positive, facultatively anaerobic bacteria since most of them grow best under
anaerobic conditions. They consist of mycelium in the filamentous form with branched growth pattern.
This species may form endospores and have either coccoid- or rod-shaped forms. Some species may be
acidophilic, thermophilic, and alkaliphilic. They are often found in moderate pH levels and mostly prefer
moderate temperatures. Actinomycetes form symbiotic associations with various plant species by nitrogen
fixation. They have wide applications in various fields and are used as a source of antibiotics, pesticides, and
so on.

Key words Actinomycetes, Filamentous, Mycelium, Endospore, Facultatively anaerobe

1 Introduction

Actinomycetes are generally Gram-positive ubiquitous, spore-
forming bacteria with diverse biological activities [1]. They are
placed within the phylum Actinobacteria, class Actinomycetia, sub-
class Actinobacteridae, and order Actinomycetales that consists of
over 160 genera, 10 suborders, and more than 30 families
[2]. They are considered to be one of the vast bacterial phyla
consisting of filamentous fungal-like morphological characteristics
[3]. They are known to have over 55% high guanine to cytosine
(G + C) content taxonomically [1, 4]. The most common genera of
Actinomycetes include Streptomyces, Actinomyces, Micrococcus, and
Actinoplanes [5, 6].

Actinomycetes are an immense source of microbial resources
that have huge commercial value and vast practical use. They have
huge biosynthetic potential to produce secondary metabolites
[7]. They are the source of approximately 70% of antibiotics and
nonantibiotic bioactive metabolites like enzymes, anti-oxidation
reagents, enzyme inhibitors, immunological regulators, etc. [2].
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[8] reported that Actinomycetes are widely distributed in both
terrestrial and marine habitats, especially in the soil and oceans. The
best marine source of Actinomycetes reported is the sediment. The
isolation of Actinomycetes has also been reported from water, rocks,
sand, deep sediment, mangrove sediment, marine plants, and sea-
foods [2]. They are used in the production of secondary metabo-
lites and their products are widely used for different treatments [9].

2 Materials

2.1 Isolation of

Actinomycetes [10]

• Sediment sample.

• Autoclave bags.

• Test tubes.

• Petri plates.

• Actinomycetes isolation agar (AIA) medium (sodium caseinate,
2 g; L-asparagine, 0.1 g; sodium propionate, 4 g; dipotassium
phosphate, 0.5 g; magnesium sulfate, 0.1 g; ferrous sulfate,
0.001 g; agar, 15 g; final pH, 8.1 0.2; distilled water, 1 L).

• ISP2 broth.

• Sodium chloride (NaCl).

• Nalidixic acid.

• Mycostatin.

3 Actinomycetes Identification [11–13]

3.1 Staining Methods • Gram staining kit and capsule staining (refer to standard micro-
biology laboratory manual).

3.2 Biochemical

Tests

• KB003 Hi 25 Biochemical kit.

• KB009A/KB009B/KB009C Hi Carbo™ kit.

3.3 Molecular

Identification

• PCR reaction mix as per the standard protocols.

• Universal primers 27F and 1492R.

• Conserved universal primer 800R.

• Thermocycler.

• Transilluminator.
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4 Methods

4.1 Pretreatment of

Marine Sediment

Samples

• Pour the sediment sample in a glass petri plate.

• Keep the sample overnight at 70 �C in hot air oven for drying.

• Under aseptic condition, crush and grind the samples aseptically
using mortar and pestle.

4.2 Isolation of

Actinomycetes from

Marine Sediments/Soil

• Weigh 1 g of sediment/soil sample.

• Disperse the sample into 100 mL conical flask containing 0.9%
saline with distilled water.

• Keep at room temperature for 10 min using an orbital shaker.

• Prepare serial dilution.

• Transfer 0.1 mL aliquot of the last four dilutions on AIA
medium supplemented with nalidixic acid (50 μg/mL) and
mycostatin (100 μg/mL).

• Incubate the petri plates at 30 �C for 7–14 days.

• Select the pure colonies and subculture them from the master
plate.

4.3 Identification of

Actinomycetes

• Perform the staining techniques and biochemical tests as per
standard procedures.

4.3.1 Staining Methods

and Biochemical Tests

4.3.2 Scanning Electron

Microscopy (SEM) Analysis

• Inoculate the isolate in the broth medium.

• Incubate the culture medium in rotary shaker at 30 �C for
7 days until growth is visible.

• Centrifuge the broth culture at 7000 rpm for 10 min and
discard the supernatant.

• Add 1 mL autoclaved phosphate-buffered saline (PBS) in cell-
free supernatant and mix well.

• Transfer 10–20 μL of the culture on a grease-free clean slide.

• Dispense 20 μL of 0.25% of glutaraldehyde solution into the
slide.

• Oven-dry the slide for 48 h at 40 �C.

4.3.3 Molecular

Identification [14, 15]

• Extract the genomic DNA from Actinomycetes using lysis
method by boiling suspensions of bacterial culture cells as per
the standard protocols.

• Perform 16S rRNA gene amplification with a reaction mix of
50 μL containing 1 μL of genomic DNA, 0.2 μM of each
primer, and 25 μL Master Mix using universal primers.
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• Amplification reaction starts with an initial denaturation at
95 �C for 5 min followed by 30 cycles of denaturation at
95 �C for 1 min, primer annealing at 55 �C for 1 min, and
primer extension at 72 �C for 1.5 min with final extension at
72 �C for 10 min.

• Purify the PCR products and sequence it using conserved uni-
versal primer 800R.

• Edit the retrieved sequences manually and perform BLAST
nucleotide analyses with NCBI to identify the Actinomycetes
up to the genus level.

References

1. Daquioag JEL, Penuliar GM (2021) Isolation
of Actinomycetes with cellulolytic and antimi-
crobial activities from soils collected from an
urban green space in the Philippines. Int J
Microbiol 2021:6699430

2. Dilip VC, Mulaje SS, Mohalkar RY (2013) A
review on Actinomycetes and their biotechno-
logical application. Int J Pharm Sci Res 4(5):
1730–1742

3. Jose PA, Jha B (2016) New dimensions of
research on Actinomycetes: quest for next gen-
eration antibiotics. Front Microbiol 7:1295

4. Abdul MKN, Chowdhury AJK, Zainuddin Z,
Abidin ZAZ (2014) Selective isolation of Acti-
nomycetes from mangrove forest of Pahang,
Malaysia. In: Proceedings of the international
conference on agriculture, biology and envi-
ronmental sciences (ICABES’14), Bali, Indo-
nesia, pp 8–9

5. Agadagba SK (2014) Isolation ofActinomycetes
from soil. J Microbiol Res 4(3):136–140

6. Adegboye MF, Babalola OO (2012) Taxon-
omy and ecology of antibiotic producing acti-
nomycetes. Afr J Agric Res 7(15):2255–2261

7. Niu G (2018) Genomics-driven natural prod-
uct discovery inActinomycetes. Trends Biotech-
nol 36:238–241

8. Chandramohan D (1991) Coastal microbial
processe. In: Natarajan R, Dwivedi SN, Rama-
chandran S (eds) Coastal zone management
(in Tamilnadu state, India). Ocean Data Cen-
tre, Anna University, Madras, p 93

9. Shrestha B, Nath DK, Maharjan A, Poudel A,
Pradhan RN et al (2021) Isolation and charac-
terization of potential antibiotic-producing

Actinomycetes from water and soil sediments
of different regions of Nepal. Int J Microbiol
5586165:1–9

10. Singh V, Haque S, Singh H, Verma J, Vibha K
et al (2016) Isolation, screening, and identifi-
cation of novel isolates of Actinomycetes from
India for antimicrobial applications. Front
Microbiol 7:1921

11. Cheesbrough M (2010) Adaptive or specific
immune response, district laboratory in tropi-
cal countries, 2nd edn. Cambridge University
Press, Cape Town, p 11

12. Rajkumar T, Manimaran M, Taju G, Vimal S,
Majeed AS et al. (2018) Antiviral viral com-
pound from Streptomyces ghanaensis like strain
against white spot syndrome virus (WSSV) of
shrimp. bioRxiv https://doi.org/10.1101/
340265

13. Undabarrena A, Beltrametti F, Claverı́as FP,
González M, Moore ERB et al (2016) Explor-
ing the diversity and antimicrobial potential of
marine Actinobacteria from the Comau Fjord
in northern Patagonia. Chile Front Microbiol
7:1135

14. Claverı́as FP, Undabarrena A, González M,
Seeger M, Cámara B (2015) Culturable diver-
sity and antimicrobial activity of Actinobacteria
from marine sediments in Valparaı́so bay. Chile
Front Microbiol 6:737

15. Moore E, Arnscheidt A, Krüger A, Strömpl C,
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Chapter 24

Assay of Hemolytic Activity

Haimanti Mondal, John Thomas, and Natarajan Amaresan

Abstract

Hemolysis refers to the breakdown of erythrocytes/red blood cells (RBCs). This results in the destruction
of erythrocytes, releasing hemoglobin from within RBCs into the blood plasma. In vitro hemolysis is the
result of pre-analytical causes associated with parameters including extreme temperature, sample collection
and handling, jarring transportation techniques, delayed processing, and later prolonged storage. Hemo-
lytic assays are performed on bacteria including Actinomycetes after the extraction of secondary metabolites
with the most potent solvent. Later, they are screened for hemolytic activity against bacterial and fungal
pathogens in aquaculture.

Key words Hemolysis, In vitro hemolysis, Red blood cells, Hemolytic assays

1 Introduction

One of the major virulence factors, hemolysins, is considered as the
compounds produced by a wide variety of bacterial species includ-
ing Actinomycetes. They are responsible for cell lysis, destruction of
adjacent cells and tissues, and membrane damage in order to supply
nutrients like iron for toxin producers [1].

Hemolytic assays of Actinomycetes can be performed on the
blood of marine animals [2–5]. Several studies have been reported
on Actinomycetes where the secondary metabolites are extracted
and screened for hemolytic activity against particular bacterial and
fungal pathogens. Suthindhiran and Kannabiran [6] reported the
in vitro hemolytic activity of secondary metabolites extracted from
several species ofActinomycetes including Streptomyces,Micromonos-
pora, Actinopolyspora, and Saccharopolyspora on mouse RBCs.
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2 Materials

• Petri plates.

• Sheep blood agar (SBA) medium (casein enzymic hydrolysate,
14 g; peptic digest of animal tissue, 4.5 g; yeast extract, 4.5 g;
sodium chloride, 5 g; sheep blood, 0.5 g; agar, 12.5 g; final pH,
7.3 0.2; distilled water, 1 L).

• Sheep/mouse erythrocytes.

• ISP2 broth.

• 96-well plates.

• Calcium chloride (CaCl2).

• Sodium chloride (NaCl).

• Triton X-100.

10 phosphate-buffered saline (PBS).

3 Methods

3.1 Hemolytic

Assay [7]

• Inoculate the actinomycetes’ isolates on 5% sheep blood agar
medium.

• Incubate at room temperature at 28–30 �C for 2–3 days.

• Record the zone of inhibition (in mm) around the actinomy-
cetes’ colonies which indicates hemolytic activity.

3.2 In Vitro

Hemolytic Assay

[6, 8–10]

• Wash the erythrocyte fraction thrice with saline and resuspend
in 10 mL PBS.

• Perform the hemolytic activity of the bioactive compound by
hemolytic assay in 96-well plates.

• Pour 100 μL of 0.85% NaCl solution containing 10 MMCaCl2
in each well.

• Consider the first well as negative control that contains only
water.

• Add 100 μL of various concentrations (5–500 μg/mL) of bio-
active compounds in the second well.

• Adjust the osmolarity of the extract with 10� PBS for prevent-
ing osmotic lysis of RBCs.

• Take the last well as positive control containing 20 μL of 0.1%
Triton X-100 in 0.85% saline.

• Add 100 μL of a 2% suspension of human/mouse erythrocytes
in 0.85% saline containing 10 MM CaCl2 in each well.
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• Incubate at room temperature for 30 min to 2 h.

• Centrifuge and remove the supernatant.

• Record the absorbance of the liberated hemoglobin at 540 nm.
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Chapter 25

Cytotoxicity Assay

Haimanti Mondal, John Thomas, and Natarajan Amaresan

Abstract

Cytotoxicity test is defined as the screening test and biological evaluation of tissue cells in vitro to detect the
growth, the reproduction, and also the morphological effects of the cell by use of medical devices. It is
performed in vitro for determining whether that particular medical device can cause death of a cell either by
direct contact or leaching of several toxic substances. Cytotoxicity assays measure the loss of some cellular
and intercellular functions or structures involving lethal cytotoxicity. They also indicate whether they cause
both cell and tissue injury. These assays are conducted on several bacteria including Actinomycetes as
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) proliferation assay against several
cell lines to observe their cytotoxicity level.

Key words Cytotoxicity assay, Actinomycetes, Lethal, Toxicity

1 Introduction

Analysis of the biological activity of the secondary metabolites
reveals the efficacy of the bactericidal agents against several patho-
gens and also their in vitro cytotoxic activity against a cancerous or
tumor cell line in aquaculture [1]. They also focus on the elucida-
tion of the mode of action resulting in the death of a cell high-
lighting selective cytotoxic activity [2].

Several studies have been reported on the cytotoxic effect of the
Actinomycetes extract against particular human cell lines [2]. Gozari
et al. [3] reported a study where they screened and identified five
most potent Actinomycetes strains. They later showed that these
Actinomycetes strains produced antibacterial secondary metabolites
with cytotoxic agents against various microbial pathogens and
human tumor cell lines (HTCLs). They also observed that the
most potent antibacterial extracts of Actinomycetes exhibited high
dose-dependent cytotoxicity against HTCLs, with either low or no
significant toxicity toward normal cells.
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2 Materials

• 5-(2,4-dimethylbenzyl)pyrrolidine-2-one (DMBPO).

• Roswell Park Memorial Institute 1640 (RPMI 1640) medium/
Dulbecco’s Modified Eagle Medium (DMEM).

• HEP2 (laryngeal carcinoma cells), Vero (greenmonkey kidney),
Hep G2 (hepatocellular carcinoma) cell lines.

• Streptomycin.

• Penicillin.

• 10% fetal bovine serum (FBS).

• Cell Quanti-MTT assay kit.

• 96-well tissue culture plate.

• Multi well plate reader.

• Dimethylsulfoxide (DMSO).

3 Methods

3.1 Assay of

Cytotoxicity [3, 4]

• Perform the cytotoxicity of DMBPO (0–25 μg/mL) on differ-
ent cell lines like HEP2 (laryngeal carcinoma cells), Vero (green
monkey kidney), and Hep G2 (hepatocellular carcinoma) by
MTT cell proliferation assay.

• Culture the cells routinely in 75 cm2 culture flasks.

• Maintain it in RPMI 1640/DMEM medium supplemented
with streptomycin (100 mg/L), penicillin (100 IU/mL), and
10% FBS (v/v) in 5% carbon dioxide at 37 �C.

• Quantify the cell lines (1� 105 cells/well) according to the user
manual.

• Culture the cells (80 mL/well) in a 96-well clear bottom tissue
culture plate.

• Incubate till they get confluence.

• Add the test compounds with cells and incubate at different
time periods.

• Add 15 mL/80 μL cell culture of Cell Quanti-MTT™ reagent/
well.

• Incubate at 37 �C for 4 h.

• Pour 100 mL of solubilization solution and keep in orbital
shaker at room temperature for 1 h.

• Measure the optical density (OD) for each well at 570 nm on a
multi well plate reader.

• Perform the test in triplicates.
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• Consider the wells treated with 0.1% DMSO or only culture
medium as control.

• Determine the average of controls (blank) and subtract from
absorbance values.

• Plot the graph with cell viability against time period with differ-
ent concentrations of the compound.
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Chapter 26

Antibacterial Activity and Extraction of Bioactive Compound
from Actinomycetes

Haimanti Mondal, John Thomas, and Natarajan Amaresan

Abstract

Currently, the pathogenic organisms are showing greater acquired resistance against almost all frequently
used antibacterial agents. There is a dire need of novel bioactive compounds to fight against such infectious
pathogens. To detect and isolate newer bioactive compounds from Actinomycetes, many unknown and
unexplored areas are explored, and screening of antibacterial agents performed. Till date, several thousands
of bioactive compounds have been isolated from Actinomycetes and characterized. Many of them have been
developed into drugs for the treatment of diseases in aquaculture. Thus, Actinomycetes are regarded as the
most potent source in the production of antibiotics, secondary metabolites, and other novel bioactive
compounds.

Key words Pathogen, Antibacterial, Bioactive compounds, Secondary metabolites, Treatment

1 Introduction

Actinomycetes are well-known for the production of a vast number
of bioactive compounds [1]. Almost two-thirds of the antimicrobial
compounds that are currently used are produced by several species
ofActinomycetes [2]. Bioactive molecules are also known as second-
ary metabolites. They are not important for reproduction and
growth but may presumably activate the defense system of the
producer microbe to help them compete in the external environ-
ment [3]. Actinomycetes are considered as one of the most potential
sources of novel bioactive metabolites. Almost 70% of the known
drugs, of which 60% and 75% are used in agriculture and medicine,
are isolated from actinomycetes. They are the prime source of
secondary metabolites and in addition have anticellular
activities [3].

Actinomycetes have outstanding capacity to deliver the most
unique, assorted, and remarkable antibacterial effectiveness with
low toxicity [4, 5]. Cho et al. [6] reported several secondary
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metabolites produced by Streptomyces sp. that have been used suc-
cessfully as antibiotics in treating drug-resistant infections in
humans and animals. Several studies reported that secondary meta-
bolites produced by Actinomycetes showed very high antibacterial
activity [7].
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2 Materials

• Petri plates.

• Actinomycetes isolation agar (AIA) medium (sodium caseinate,
2 g; L-asparagine, 0.1 g; sodium propionate, 4 g; dipotassium
phosphate, 0.5 g; magnesium sulfate, 0.1 g; ferrous sulfate,
0.001 g; agar, 15 g; final pH, 8.1 0.2; distilled water, 1 L).

• Mueller Hinton agar (MHA) medium (meat infusion from
equivalent to beef, 300 g; casein acid hydrolysate, 17.5 g;
starch, 1.5 g; agar, 17 g; final pH, 7.3 � 0.1; distilled water,
1 L).

• ISP2 broth.

• Sodium chloride (NaCl).

• Cork borer.

• Whatman No. 1 filter paper.

• Separating funnel.

3 Methods

3.1 In Vitro

Antibacterial Activity

[8–10]

• Perform the preliminary screening using cross-streak method to
screen the isolates against the pathogens.

• Supplement the agar plates with 2% NaCl.

3.1.1 Primary Screening • Inoculate the isolate by a single streak in the center of the plate.

• Incubate the petri plates at 30 �C for 7 days.

• Streak the sub-cultured test pathogens perpendicularly at 90� to
the Actinomycetes isolate.

• Incubate the petri plates at 37 �C for 24 h.

• Record the zone of inhibition (in mm) around the colonies.

3.1.2 Secondary

Screening

• Select the Actinomycetes isolates showing potential antibacterial
activities from the primary screening.

• Inoculate the isolates into ISP2 broth.

• Keep the broth culture in a rotary shaker incubator at 120 rpm,
30 �C for 7 days.
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• Centrifuge the culture at 4 �C, 10,000 rpm for 20 min.

• Collect the supernatant.

3.2 Agar Well

Diffusion Method

• Spread the lawn cultures of the pathogens on the solidified agar
plates using sterile cotton swabs.

• Make wells using a sterile cork borer on the agar plates.

• Add the supernatant (crude extract) to the agar wells.

• Wait until the extracts are completely diffused onto the agar
plates.

• Incubate the petri plates at 37 �C for 24 h.

• Conduct the experiment three times and record the mean of
zone of inhibition (in mm).

3.3 Extraction of the

Bioactive Compound

• Prepare the inoculum by inoculating the selected isolate into
ISP2 broth.

• Incubate the culture broth in rotary shaker incubator at 30 �C
for 7 days.

• Filter the broth through Whatman No. 1 filter paper.

• Centrifuge the filtrate at 4 �C and 10,000 rpm for 20 min.

• Collect the cell-free supernatant and extract it three times with
an equal volume of ethyl acetate in 1:1 ratio using separating
funnel.

• Collect the upper layer in a conical flask.

• Keep it in rotary shaker incubator for 24 h.

• Allow to settle for 20 min after taking out from shaker.

• Collect the upper layer.

• Concentrate the solvent layer using rotary evaporator.
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Chapter 27

Isolation and Identification of Harpacticoid Copepod

M. F. Yasmeen and A. Saboor

Abstract

Harpacticoid copepods are crustaceans that include benthic as well as planktonic forms. They are nutrient-
rich live food organisms used in finfish and shellfish culture. They feed on diverse food sources such as
microalgae, fungi, protozoans, bacteria, and detritus. These copepods can able to sustain themselves even
during the low availability of their food sources. Many harpacticoid species have been recognized to possess
characteristic features that make them more suitable as a live feed. This chapter aims to exemplify a simple
protocol to isolate and identify the harpacticoid copepods.

Key words Copepod, Harpacticoid, Live feed, Aquaculture

1 Introduction

In an aquatic ecosystem, copepods constitute the major percentage
of consumer biomass. They are known as the essential key linkers
due to their ability to transfer energy from primary producers to
secondary consumers precisely to fish larvae and juveniles [1]. Stud-
ies on the larval stages of the majority of fishes revealed that they
rely on copepods for their primary food source [2].

Copepods are a natural synthesizer of essential fatty acids like
polyunsaturated fatty acid (PUFA), viz., eicosapentaenoic acid (20:
5 ω-3) and docosahexaenoic acid (22:6 ω-3) [3]. Many copepod
species play a crucial role in aquaculture as they possess high repro-
ducing capacity, larger brood size, longer reproducing duration,
more female population, shorter generation time, shorter turnover
time, faster growth, and high survival rate [4]. All these features are
found to be persisting in many harpacticoid copepods [5]. They can
feed on readily available food in nature including the detrital
organic matter and microorganisms such as bacteria, algae, and
protozoans. Bacteria are also one of the essential food components
for the harpacticoid copepods [6].
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Many aquafarmers depend on imported feeds for aquaculture
which are not only expensive but may also have a risk of introducing
disease-causing non-native pathogens [7]. It is indispensable to
identify, isolate, and culture native copepods as they can be com-
paratively more suitable as a live feed.

Among the copepods, harpacticoid species are more advanta-
geous due to their smaller size, high nutritious profile, and easy
food adaptability [8]. Though harpacticoid is one of the best
choices as a live feed for aquafarmers, their protocol for large-
scale production is still lagging. So, it becomes necessary to under-
stand the taxonomy and biology of harpacticoid copepods in order
to identify native species which helps to design the proper culture
protocol for identified copepod. This chapter illustrates the proce-
dure to isolate and identify harpacticoid copepods.

2 Materials

2.1 Collection of

Zooplankton Sample

• Plankton net.

• Hand gloves.

• Habitat water.

• 10 L water can.

• Glass tank.

• Aerator.

• pH pen.

2.2 Isolation of

Harpacticoid Copepod

• Plankton strainer.

• Gloves.

• Table lamp.

• Beaker 200 mL.

• Watch glass (big, medium, and small).

• Dissection microscope.

• Pasteur pipette.

• Fine brush.

2.3 Identification of

Harpacticoid

Copepods

• 5% formaldehyde solution.

• 10% glycerol.

• 90% ethanol.

2.3.1 Morphology • Rose bengal (1 g/L).

• Watch glass (small).

• Pasteur pipette.

• Glass slides.

• Binocular compound microscope with camera.
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2.3.2 Camera Lucida

Drawings

• 5% formaldehyde solution.

• Watch glass (small).

• Pasteur pipette.

• Glass slides.

• Dissection set.

• Tungsten needle.

• Camera lucida.

• Compound microscope.

• Dissection microscope.

2.3.3 SEM Analysis • Scanning electron microscopy analysis of the sample.

3 Methods

3.1 Collection of

Zooplankton Sample

• Collect the zooplankton sample using a handled plankton net
made up of bolting silk with 50 μm mesh size.

• Transfer the filtrate to the 10 L water can.

• Perform zooplankton sampling only during the early hours of
the day.

• Carefully bring the collected zooplankton sample to the labora-
tory and transfer to a glass tank.

3.2 Isolation of

Harpacticoid Copepod

• Filter the laboratory-maintained zooplankton samples using a
plankton strainer.

• Transfer the filtrate to a big watch glass and keep it near the
source of light.

• Based on their phototactic nature, harpacticoid copepods can be
isolated from zooplankton samples.

• Use a fine brush or Pasteur pipette to transfer harpacticoids to a
fresh medium or small size watch glass containing the filtered
habitat water.

3.3 Identification of

Isolated Harpacticoid

Copepod

• Transfer the fixed sample to a watch glass containing an ethanol
and glycerol mixture (90% ethanol and 10% glycerol) containing
Rose bengal (1 g/L).

3.3.1 Morphology
• Wait until the alcohol evaporates.

• Place the specimens on a glass slide with the drop of glycerol and
observe under the compound microscope.

• Photograph the structure of the whole animal.

• Identify the species with the aid of identification keys provided
by taxonomists [9–12].
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3.3.2 Camera Lucida

Drawings

• Place the fixed specimen on the slide with the drop of glycerol.

• Dissect the body parts such as prosome, urosome, and
appendages.

• Mount the dissected body parts.

• Attach the camera lucida to a compound microscope.

• Observe the mounted glass slide with the sample under a camera
lucida fixed compound microscope.

• Observe and draw the impression of the sample that falls on the
paper.

• Camera lucida drawings can be described following standard
terminology [13].

3.3.3 SEM Analysis • Fix and process the sample using the standard protocol.

• Photomicrograph the specimen at different angles and
magnifications.
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