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ABSTRACT

The adoption of intensive aquaculture S:S/stem has brought about an
increase in the number ol disease outbreaks especially viral diseases. Oﬁe
of the important ways for identification and characterization of the viruses
is multiplying the virus either in living shrimp/prawn or in cell cultures.
Keeping this in view the present study was undertaken to develop cell
culture from the lymphoid organ of commercially important fresh water
prawn, Airosenbergii. Cell culture thus developed can be used for a
variety of applications, in particular isolation, identification,
characterization of virus, diseases of unknown etiology and also to test the

level of various pollutants affecting prawns.

The experiment was carried out to develop primary cultures from
the lymphoid organ of M.rosenbergii. The basic media Leibovitz's-15 was
tested for supplements, osmolality, pH and temperature to establish the
culturing system of cells. The L-15 medium supplemented with 15%
I'BS, 8% prawn extract, epidermal growth factor (20ul /100 ml), human
recombinant interleukin - (10l /100ml), with final osmolality
450mmol/ky and antibiotics has given good results in the development of
primary cultures. The cells were proliferated in an ascending order upto 4

. t} .
days, 4" and 5" day constnat and descending order from 6" day, survived



upto 7 days and 75% confluence was observed. The optimum

. 0
maintenance temperature was found at 28°C, and pH 7.8.

M199 medium supplemented with 15% FBS, 8% prawn extract,
20ul EGF, 10ul human recombinant interleukin, 6 ml salt solution and
antibiotics showed less growth as compared to L-15 medium. 35%
confluence was observed and cells did not survive more than 4 days.
EMEM supplemented with 15% FBS, 8% prawn extract, 20ul EGF,
10ul  human recombinant interleukin, 6 ml salt solution and antibiotics

showed very less cell growth as compared to other two media.
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1. INTRODUCTION

1.1 GENERAL ASPECTS

Crustacea constitute a class, which include animal species of
biological interest for fundamental research and/or high commercial value.
Giant fresh water prawn Macrobrachium rosenbergii belongs to the class
Crustacca. In many parts of world the giant fresh water prawn is the most
coveted species of prawn for culture especially in fresh water areas. There
has been renewed interest for the past few years for culture of these species
in the country. This is because of its suitability for aquaculture on account
of 1t's best growth rate in fresh and low saline water, omnivorus feeding
habit, hardy nature, and compatability for polyculture and high prices in
domestic and international market. Giant prawn is widely cultured in Asian
countries such as Thailand, Taiwan, Malaysia and Vietnam, India,

Indonesia, Hawaii and South Carolina states of USA.

The ever-inereasing demand of prawn in the international market has
tremendous interests among aquafarmers and industrialists to venture into
aqualarming in India. By this, there has been a shift from the traditional
extensive farming system to modified extensive, semi intensive and
intensive culture systems. However, the adoption of intensive aquaculture
system in an unplanned and unscientific manner has brought about an

increasc in the stress on prawns and resulted in many diseases.

It is widely recognized that infectious diseases are major limiting

factors in culture practices. Although many aspects of crustacean virus



discases have been investigated in host animals, suitable in vitro cell
lines/tissae culture systems are necessary for the isolation, purification, and
characterization of the infective agents, the development of diagnostic

methods and production of material for immunological and vaccination

studies.

1.2 LYMPHOID ORGAN

The lymphoid organ is located in the left and right side of the
anterodorsal surface of the hepatopancreas. From the histological structure
and manner in which the out-going and in-coming vessels are connected it
can be casily imagined that this organ belongs to vascular system in
addition. the interstitial tissues surrounding it become lymphoid tissues.

For this reason, the organ can regard as a Lymphoid (Oka, 1969).

1.3 CELL CULTURE.

Growing of cclls in vitro condition with all required materials and
conditions provided in laboratory condition are called as cell culture.
culture of animal cells is usually divided into 3 classes. Primary cells, cell
strains, cell lines. The ultimate source of cells for cell culture is the intact
animal. The cells may be obtained from various organs and tissues of

embryonic, infant or adults origin (human, mice, fishes or shrimps).

The primary culture defined as the culture, which is obtained directly
from the animal's organs and tissues. Primary cell culture retains some of
the characteristics of the tissue from which they have been derived. With
some exceptions, cell culture can be classified in two general

morphological types. Fibroblast like cells are thin and elongated and



epithelial cells are polygonal in shape. Most of the primary cell cultures

have a finite life span of five to ten divisions in vitro.

1.4 APPLICATIONS OF CELL CULTURE

Cells cultured in an artificial environment provide a convenient tool
for studving the living system at the cellular level. The cells can be
monitored without having to sacrifice any experimental animals for the
purpose. These provide homogenous populations of cells of virtually
identical genetic make up grown under controlled and constant
environmental condition. Following are some of the common applications

ol cell cultures.

1.4.1 Virology

The main application of cell culture in aquaculture so far has been
in the isolation, identification, and study of viruses that provoke epizootic
outbreaks causing economic loss. Most -cell lines are derived from
commercially important species and a large number of cell lines from
different species 1s required due to host cell specificity of virus (Cheng et

al 1993).

Viruses need living cells to multiply because they are obligate
intracellular parasites. The cell monolayers inoculated with the test virus
and the characteristic appearance of cytopathic effect (CPE) indicates the

presence of pathogen.

Primary lymphoid cell cultures from penaeid shrimp were used in

the development ot a quantal assay protocol (TCIDys) for the filtration of



two highly pathogenic shrimp viruses, the yellow-head virus (YHV) and
non-occluded Chinese baculovirus (CBV) developed by Philip et al.
(1996). ‘

Monolayer cultures were established from ovary, heart, lymphoid
and peripheral hemocytes of penaeid shrimps including P. monodon, P.
Japonicus and P. pencillatus. By electron microscopy, virions of white spot
discase virus (WSDV) and yellow head virus (YHV) were observed in the

nuclei and cytoplasm of cultured cells (Chen et al., 1999).

Cell cultures from embryonic tissues of commercial important
species of crustaceans, fish can be used to indicate vertical transmission of
viral discases. Oka organ cell lines from penaeid shrimp P. stylirostris were

used for the studies on simian virus-40 (Tapay et al., 1994 and 1995).

1.4.2 Toxicology

Established cell lines are used as bio-indicators in cytotoxicity assays
of aquatic pollutants (Alguacil et al, 1991) and direct acting and
metabolism mediated toxicants have been evaluated for their cytotoxicities
(Babich et al, 1991). The requirement for species specific pollution studies
caused for establishing cell lines from individual species (Lyons et al.,

1996).

1.4.3 Cell Biology
Several aspects of cell biology like cell physiology, differentiation

and cytogenetics have been studied using primary and continuous cell



lines. Transport characteristics of hepatopancreatic and antennal gland

epitheloid tissue were studied from primary cell cultures by Cattey, 1990.

Hence the present study was undertaken with the following

objectives.

I. To develop primary cell culture from lymphoid organ of M.rosenbergii

(8]

. To compare different media for initiating primary cultures

)

. To evaluate supplements and additives on growth and attachment cells
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2. REVIEW OF LITERATURE

The risk of discases in aquaculture has prevented the rapid growth of
this industry and current emphasis is on early detection of disease, its
diagnosis, and prevention through management and immunotherapy.
Disecase due to viral ctiology, have resulted in huge losses to the
aquaculture industry and in this context cell culture becomes important
owing to the host specificity of viruses, for confirmative disease diagnosis
and investigation, it is imperative to have cell culture developed from the
concerned crustacean species. Lack of such established cell culture has
limited our knowledge regarding prawn viruses. Prawn cell cultures and
prawn viruses also form very good educational models in teaching

virology, as there is very little danger from handling prawn pathogens.

2.1 CELL CULTURE

Viruses cannot replicate in synthetic media and require living cells as
host. Until 1950's the only tools available to grow and study viruses were
animals and embryonating the eggs. To solve this problem, the cell culture

technique was developed, it requires less space, is less expensive and is

more convenient than the use of animals.

Tissue culture has become a wide spread technique as cultured
cells are being used in a spectrum of disciplines ranging from biochemistry
to molecular and cell biology. Tissue culture techniques/procedures are
simple but require extreme care to avoid contamination (Paul, 1975;

'reshney, 1987; Adams, 1990 and Baserga, 1990).

0



The advantages ot cultivating cells and tissues in completely
defined nutrient medium were reported more than 80 years ago. Realization
of this objectives, particularly for fastidious cell types, require development
of more complex nutritional formulations and discovery of the various

growth and attachment factors required by cells in culture (Ham and

Mckeechan, 1979; Waymouth, 1978).

Most of the cultured cells grow in highly specialized microenvironment
which may be mimicked in vitro by diluting or eliminating serum and
replacing it with mixture of metabolic precursors, macromolecules and
biophysical elements (Bottenstein et al. 1979; Ham 1982; Jayme and

Blackman, 1985; I'reshney, 1987).

2.1.1 Crustacean Cell Cultures

The availability of cellular tools are important to industries which
use intensive aquaculture methods which have increased risk of disease
problems and crustaceans cell culture has gained attention as a potent
model for the development of diagnostic reagents and probes for use in the

shrimp, Cray tish and lobster industries (Toullec, 1999).

Chen et al., (19806) obtained observable cell growth from heart and
gonads of grass prawn P. monodon by using Leibovitz’s -15 medium (L-
15) supplemented with 10% of foetal calt’ serum (FCS), 30% muscle
extract, 0.006 g/ml sodium chloride (NaCl) and 10% lobster haemolymph.
The culture could be maintained for approximately two months at 28-31°C

with weekly change of medium.



Itami et al., (1989) obtained primary cell cultures of the lymphoid
organ, epitheloid cells and fibroblastic cells in various synthetic media and
the cells survived for 42 days in L-15 (2X), 40 days in Lagles MEEM and 54

days in M199 media.

Monolayers of ovarian epitheloid cells from P. stvlirostris and P.
vannamei were developed by Luedman and Lightner (1992) swith 80%
confluence in a two-day period at an osmolality of approximately 700-750
mmol/Kg, temperature range of 25-28"C and incubation in normal
atmosphere. They used lobster hacmolymph, shrimp muscle extract, foctal

bovine serum and hybridoma quality foetal bovine serum.

Hsu et al., (19995) tried to establish a subculture system for cells from
the Oka organ (lymphoid tissue) of the grass prawn, P. monodon and found
that Leibovitz’s 15 media supplemented with 10% foectal bovine serum,
Sg/L NaCl at pH 7.63 — 8.1 supports the growth eftectively as a basic
culture medium. The basic culture media was tested for osmolality, serum

concentration, serum sources and pH.

Toullec et al,, (1996) cultured tissues and dissociated cells from
various organs of the shrimp P. vannamei and embryos of P. indicus in
different media and observed cell out growths with ovaries, epidermal
regeneration buds and embryos with a survival for several months in M 199
based medium for ovaries and embryos, and Grace's medium for

regeneration buds. In every case, a 10% foctal bovine serum supplement

was used.



Philip et al., (1997) developed the primary lymphoid cell cultures
from penaeid shrimp for the development of a quantal assay protocol for
the titration of two highly pathogenic shrimp viruses, the yellow head virus
(YHV) and non occluded Chinese bacculovirus (CBV). This report
represented the first convenient quantitative assay protocol using cell

cultures derived from the penaeid shrimp to titer shrimp viruses.

Chen and Wang (1999) established monolayer cultures from ovary,
heart, lymphoid tissue and peripheral haemocytes of penaeid shrimps
including P. monodon, P. japonicus and P. penicillatus and observed that
the most favorable conditions for the culture of penaeid shrimp cells in
‘vitro was iIn CMRL and L-15 tissue culture media when used within
osmolarity ranges of 620 — 760 mmol/Kg, at a temperature of 25'C for
tissue of P. japonicus and 28°C for tissue of P. monodon and P.
penicillatus. Lymphoid tissue of Oka organ was found superior for the
formation of confluent cell monolayers and was subculture up to three

times. Muscle extract was found to enhance the survival of cultured cells of

penaeid cells in vitro

Leigh and Jan (1999) attempted to produce continuous cell lines
from penaeid tissue and the osmolarity of P. monodon haemolymph was
measured at 687 mmol/Kg. The best media for cell growth and
maintenance was observed to be double strength L-15 supplemented with
10% foetal bovine serum and 10% prawn muscle extract was madc by
homogenizing 30g of prawn muscle in 50/50 ratio of distilled
water/autoclaved seawatér which was clarified at 2k, 14k, 14k X g for 30

min each.

9



Kasornchamdra et al., (1999) developed primary shrimp cell cultures
from lymphoid organ and ovaries of black tiger shrimp, P. monodon by
using double strength Leibovitz’s L-15 medium supplemenfed with 15%
foetal bovine serum, 1% glucose, 5 g/l sodium chloride and 15% shrimp
- meat extract, and L-15 media was found to give 80% confluent monolayer
cells of P. monodon because it has strong buffering capacity and it's

chemical composition.

2.1.2 Macrobrachium rosenbergii

Frerichs (1996) obtained good yields of dissociated, uncontaminated,
viable cell suspensions from embryonic tissue of M. rosenbergii by physical
disruption of harvested eggs in the presence of buffered iodophore
disinfectant and malachite green. Primary cultures in the form of
proliferating foci of cells were readily initiated using a wide range of
mammalian and insect cell culture media with osmolality adjusted to 450
mmol/kg water and addition of 20% heat-inactivated foetal bovine serum.
and the passage of primary cultures resulted in the loss of adherence of cell
to the culture vessel surface, cessation of cell multiplication and consequent

failure to establish a cell line.

2.2 MEDIA

In in vitro culture, the media provide nutrients for maintaining
homeostasis to adapt and respond to the microenvironment and for growth,
division and differentiation of the growing cell. They also serves as
reservoirs of metabolites (Trumbore, 1966). A general similarity between

the nutritional requirement of different cells was observed by Paul (1965).



Epitheloid and fibroblast cells were observed in the primary culture
of lymphoid organ of P. japonicus by using different media like PRMI 14,
L-15 (2X), Eagle's MEM and M 199, while 18% calf serum, 27% muscle
extract of kurma shrimp, 10% blood homogenate of Charybdis japonicus
and 6 gm of sodium chloride were added to the media. (Itami ez al., 1989).
Best growth of gonad cells of P. monodon occurred in a culture system
containing double strength (2X) L-15 medium supplemented with 10%
foetal calf serum (FCS), 30% muscle extract, 0.006 gm/ml NaCl and 10%

lobster or grass prawn haemolymph (Chen et a/., 1986).

Philip et al., (1997) used 2X L-15 medium supplemented with 20%
foetal bovine serum and 8% shrimp héad extract, 6% salt solution, 20
ug/ml. epidermal growth factor, and 10 units/ml. human recombinant
interlukin-2. Toullec, 1999 modified commercially prepared media (M 199,
EMEM and L-15) and the use of double strength M 199 and L-15 gave

similar effects in closely related species and some times in same species of

shrimps.



“Table 1. Different Components of Media

Leibovitz-15

Components

Inorganic salts(mg/l)

NaCl

KCl.

CaClQ_
CaC12,2H20
MgCl,.6H,0
MgS0O,.7H,0
NaH2PO4.2H20
NazHPO4.7H20
NaHC03

L-amino acids(mg/l)

Alanine
Arginine
Asparagine
Aspartic acid
Cysteine
Cystine
Glutamic acid
Glutamine
Glycine
Histidine
Isoleucine
Leucine
Lycine
Methionine
Phenylalanine
Proline
Serine
Threonine
Tryptophan
Tyrosine
Valine

8000.00
400.00
140.00

200.00

359.00

225.00
500.00
250.00

120.00

300.00
200.00
250.00
125.00
125.00
75.00

75.00

125.00

200.00
300.00
20.00

300.00
100.00

EMEM

6800.00
400.00
200.00

200.00
150.00

2200.00

52.50
52.50

14.90
33.02

47.64
10.20
36.22

46.90

6800.00
400.00

200.00
158.30

2200.00

25.00

30.00

20.00
66.82
100.00
50.00

20.00
60.00

15.00
25.00
40.00
25.00
30.00
10.00
40.00
25.00




Vitamins/Cofactors(mg/l)
Choline.Cl 1.00 1.00 0.50

"| Folicacid 1.00 1.00 0.01
Inositol . 2.00 2.00 0.05
Nicotinamide 1.00 1.00 0.025
Pantotheniate.Ca 1.00 1.00 0.01
Pyridoxine. HCl 1.00 0.025
Riboflavine.PO,.2Na 0.10
Thaimine.PO, 1.00
Other
components(mg/l)
Phenol red 10.00 10.00 | 10.00
D-glucose | 1000.00 | 1000.00
D-galactose 900.00
Pyruvate sodium 550.00 110.00
CO; (gas phase)¥o Atmosphere | 5.00 5.00

2.2.1 Supplements

2.2.1.1 Serum

Different percentages of foetal bovine serum (FBS) have been used
for cell culture of different shrimps as supplement at concentrations of 10
to 20% in the media with an optimum of 10% (Toullec, 1999). The author
observed improved secretory capacity in Y-organ cells cultures from the
crab, Carcinus maenas by the addition of FBS. Luedman and Lightner

(1992) used 10% FBS for development of an in vitro primary cell culture



system from the penaeid shrimp, P. stvlirostris and P. vannamei. Philip et
al., (1997) used 20% FBS as supplement in 2X L-15 medium. Chen er al
(1986) cultured the tissue of grass prawn, P.monodon by using 10% of
FCS.

FBS is notable for it's lack of toxicity, good attachment, pH
maintenance and growth stimulating properties. Hormones, micronutrients,
growth and cell addition factors, which are known to exist in serum,
stimulate cell spreading in culture (Hashimoto et a/., 1997). Undefined
growth inhibitory factors may be present in high concentrations FBS and

are avoided (Loo er al., 1987).

2.2.1.2 Antibiotics

Antibiotics have been universally used in combination to minimize
risk of contamination in shrimp cell cultures. Antibiotics are necessary for
long term cell survival because bacteria and fungi are commonly found as a
part of the haemolymph and cell mixture. Streptomycin seemed to be the
most affective antibiotic against the bacterial strains. In addition, Penicillin
and amphotericin B was added to eliminate any possible airborne bacterial
and fungal contamination (Toullec, 1999). Philip et al., (1997) used 100
[.U/100 pg/ml. penicillin/ streptomycin to develop cell lines from shrimp
lymphoid organ. Leigh and Jan (1999) used penicillin 10000 [U/ml,
streptomycin 10000 ng/ml, fungizone 25 ng/ml. and found that 15 out of
the 101 primary cultures established form P. monodon succumbed to
bacterial contamination. Hsu et al., (1995) used penicillin (10000 units/ml),

streptomycin (10000 pg/ml), amphotericin B (500 ng/ml) and gentamycin



(1 pg/ml.) in the holding media. Fraser and Hall (1999) used penicillin
(10000 1U/ml), streptomycin (10000 pg/ml) and amphotericin B (10 pg/ml)

in all cell culture media and washing buffers.

2.2.1.3  Salt solution

Osmolality of all media solutions diluents throughout all
experiments were increased using a sterile salt solution. Osmolality was
increased to approximate as closely as possible the osmolality of shrimp
tissue (Toullec, 1999). Hsu ef al. (1995) observed that cell cultures with 5-
g /1 NaCl (472 mmol kg osmolality) had the best attachment percentage

and appearance.
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3. MATERIALS AND METHODS

3.1 LOCATION
The experiment was performed in the Fish Pathology Laboratory,

Central Institute of Fisheries Education, Mumbai.

3.2 COLLECTION OF SAMPLES

Macrobrachium rosenbergii live samples were collected from
Bhivandi creek, weighing approximately 30-40g, and maintained in the
laboratory. They were provided with continuous acration and artificial

pelleted feed.

3.3 CULTURE FLASKS

Vessels in which the cells are seeded and cultivated plays a
profound role in the in vitro growth of cells. It not only achieves physical
contaminenet of cells, but also influences the chemical environment by
absorption or release of proteins or ions. Hence, the material and quality of

the culture vessel is important for successful proliferation of cells.

3.3.1 Preparation of Glassware

Glassware made commercially is often toxic to a number of
different types of cells. This toxicity problem in most cases can be solved
by proper cleaning procedures. The glassware used in the experiments was
of neutral glass of Borosil make. They were soaked overnight in a mild
acid solution (HCI). Later they were rinsed thoroughly with tap water,
several times, then with demineralised water seven times and finally with

triple distilled water 6-7 times. The distilled glass water rinse is an



important step of the cleaning cycle, since piped water may contain
pyrogens or dissolved metal ions that may interfere with the cell growth.
After drying, they were properly wrapped in aluminium foil, then paper

and sterilized in hot air oven at 160° C for one and half-hour.

3.3.2 Preparation of Plasticware

All the plasticware used were nontoxic to cell cultures having good
optical quality and were recommended suitable for “tissue culture” by
manufacturers (Tarsons, India). A large quantity of disposable sterile
plasticware was used for the cell culture like tissue culture flask,
petridishes, multi well plates, syringes, filters ctc. which arc available

from commercial suppliers.

34 MEDIA

Cells require nutrition to maintain homeostasis to adopt and respond
to the microenvironment and for growth, division and differentiation. In in
vitro culture, the ce‘ll culture media provide nutrients for the growing cell.

These media have all the required elements, ions, vitamins, amino acids,

etc.

3.4.1 Leibovitz 15(L-15 medium)

L-15 medium (Sigma, USA) which has galactose as the energy
source. L-15 media was prepared by following procedure. A stirbar was
placed in a 600-ml beaker or Erlenmeyer flask, and filled with 400-450 ml
of triple distilled water and placed on stir plate without heat. A full bottle
of dehydrated L-15 meciia was added to the triple distilled water while

stirring (this is the amount of media originally intended for 1 lit of water).



The media was allowed to dissolve for an hour or so. Triple distilled water
was added to the 500ml level and continued stirring for about 30 min. The
media was sterilized by passing through 0.22 pm Millipore filter. The
medium was checked for sterility by culturing 0.5 ml of the filtered
medium in brain heart infusion agar for 24- 48 hours and the pll was

adjusted to 7.6. The medium was stored at 4" C as 2x L-15 medium.

3.4.2 Eagle's Minimum Essential Medium (E-MEM) & M-199
Dehydrated powder of Eagle's MEM and M-199 was obtained from
Sigma Aldrich, USA. These two media were prepared according to the
same procedure followed for L-15 media. The pH was adjusted to 7.6. The
media was sterilized by passing through 0.22 um Millipore filter. The

medium was checked for sterility, and stored at 4"'C'.

3.5 SALT SOLUTION

The salt solution was prepared by the following method. To 400 ml
of triple distilled water the following salts were added in a beaker or
Erlenmeyer flask. Care was taken to dissolve each salt before adding next.
Once dissolved triple distilled water was added to S00 ml., sterilized by

autoclaving at 121°C, 15 Ibs. pressure for 20min and stored at 4° C, until

further use.



S.no Salt Quantity (gm)
1. Sodium chloride 51.2
2. Potassium chloride 0.9
3. Magnesium chloride 5.9
4. Magnesium sulphate 5.4
5. Calcium chloride | 2.55

3.6 PREPARATION OF PRAWN EXTRACT

20 gms of head soft tissue from the thoracic region ot the prawn
was removed with the help of sterile forceps and scissors. An approximate
10 % mixture was prepared using 2 x L-15 media (20-g prawn in 200ml. of
total volume). The mixture was homogenized at 15000 rpm for 2 min or
until smooth. The homogenate was centrifuged at 3000 rpm for 30 min at
4°C. The supernatant was collected and centrifuged at 10,000 rpm for | hr
at 4°C. The supernatant was collected and centrifuged at 29,000 rpm for 3
hrs at 4°C. The sediment was discarded and the supernatant was used as the
prawn extract. The supernatant was filtered through 0.2-um filter, sterility

test performed and stored at -20°C, for further use.

3.7 ANTIBIOTIC INCUBATION MEDIA (AIM)

AIM solution was prepared by adding the following components.



[ S.no Ingredient Quantity (ml)
1. - | Amphotericin (@250pg/ml) l
2. | Gentamycin (@50 mg/ml.) 0.5
3. Penicillin/Streptomycin (@ 10,0001U/10mg/ml) I
4. | Salt solution
6

5. 12xL-15 medium

91.5

The solution was stored at 4°C, until further use.




3.8 GROWTH MEDIUM

- The growth media was prepared by the addition of the following

ingredients:
S. No Ingredients Quantity
1. Foetal Bovine Serum 20 ml
2. Prawn Extract 8 mi
3. Epidermal growth 20 ul
Factor (@100 pg/ml.)

4. Human recombinant interlukin-2 10 pl
(@ 10 pg/ml.)

5. Penicillin/Streptomycin (@ 10,000 I ml
[U/10pg /ml.)

6. Salt Solution 6 ml

7. 2 x L-15 Media 65 mli

The media was filtered through 0.2-um filter, sterility test was

performed and sterile media was stored at 4°C, until further use.

3.9 PRAWN LYMPHOID ORGAN

The giant freshwater prawn (M.rosenbergii, approximately 30-40 g

each) was immersed in the 1% of bleaching powder for 10 min. The prawn

was taken out and the surface was sterilized with 500-ppm iodine solution.

Under sterile conditions the exoskeleton (of head) was slowly removed



taking care not to puncture the haepatopancreas. The haepatopancreas was
removed and the lymphoid organ lies just beneath it. The lymphoid organ
was removed carefully with the help of sterile scissors and forceps and
transferred to sterile petridish with AIM solution. The lymphoid organ was
cut into small pieces using sterile scissors and incubated with 5-10 ml of
AIM solution for 45 min with periodical shaking. The process of

incubation in AIM solution was repeated twice.

3.10 PRIMARY CELL CULTURE

After incubation of lymphoid organ in AIM solution, the AIM
solution was replaced with growth media and incubated for 45 min. Then
the tissue fragments were transferred to culture flasks and the medium is
removed. The tissue pieces were not disturbed tor 30 to 45 min, to allow
the pieces to stick to the bottom of the flask. Then 10 ml of the growth
media was added to each flask and incubated at 26-28"C and observed
everyday for multiplication of the cells under inverted light microscope.
The surface area of the flask which was spread by growing cclls in

comparison to the available area for growth was calculated in percentage.

3.10.1 Effect of Different Media on Cell Confluence
Different media like L-15, EMEM, M199 were tested for their

ability to support growth of the cells.

3.10.2 Effect of Different pH on Cell Confluence
L-15 media at different at pH of 7.5, 7.8, 8.0, 8.2 was tested on the

confluence and growth of the cells of lymphoid organ ol M.roscenbergii.

8]
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3.10.3 Effect of Different}Osmolality of L-15 Media on Cell
Confluence

The effect of osmolality on confluence of the cells of :the lymphoid
organ of M rosenbergii was tested different levels of osmolality at 350,
450, 550 and 650 mmol/kg of L-15 media. Sodium chloride added to the
media at the rate of 0.85, 4.25, 8.861 and 12.376g/l to obtain above

osmolality respectively.

3.10.4 Effect of Temperature on Cell Confluence

The confluence was observed at different temperatures viz 24°C,
28°C, 320C, and 37°C in the L-15 growth media with 20% FBS,20 ul EGF,
p" 7.8 and osmolality of 450 mmol/kg.

3.10.5 Effect of the Quantity of FBS in Media on Cell Confluence
FBS at 5, 10,15,20 and 25% in the growth media was tested on the
growth of the cells..

3.10.6 Effect of Quantity of Epidermal Growth Factor (EGF) in
Media on Cell Confluence

The EGF was added at different levels of 5,10,15,20,25,30 pl per

100 ml of growth media (L-15) and was tested for cell confluence.

2
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4. RESULTS

Commercially available three basal media were selected for
development of cell culture from M. rosenbergii lymphoid organ because
of differences in their carbohydrate and aminoacid concentration. The
comparison of cell proliferation and attachment with different media has
been tested and assessed the effect of osmolality, pH of the media,
quantity of FBS in the media, quantity of EGF, and incubation temperature
on the growth of cells.

4.1 PHYSICAL PARAMETERES

M rosenbergii weighing approximately 25 to 30g were used for the

experiment (Plate 1).

4.2 EFFECT OF DIFFERENT MEDIA ON CELL CULTURE
Among the three media attachment of lymphoid organ to culture
flask is well in L-15 media and good in M-199 but is less in EMEM. After
24 h of incubation cells started to proliferate. When L-15 media was
supplemented with 15% FBS, 8% shrimp extract, 20ul EGF, 10ul human
recombinant interleukin and antibiotics allowed the growth of cells. The
cells grew in an ascending order upto 4 days, 4™ and 5" day constant and in
descending order from 6" day. The cells deteriorated after 7 days (Table 8
and Fig 7). Two types of cells were observed they are fibroblast cells that
are thin and elongated and epitheloid cells which are spindle shaped cells
(Plate 2).
Cell growth il;l, low level was observed by using M199 with

supplements like 20% FBS, 8% prawn extract with antibiotics but cells did

I
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not survive more than 4 days but in case of EMEM cell attachment and
confluence is very less as comparative to other two media (Table 2 and
Fig.1).

4.3 EFFECT OF OSMOLALITY OF L -15 MEDIA
The L- 15 media at an osmolality of 450 mmol/kg was found to be

optimum osmolality for lymphoid organ culture of M.rosenbergii (Table 3

and Fig.2).

4.4 EFFECT OF pH OF MEDIA ON CELL CONFLUENCE

Among the various pH of media, the media at pH 7.8 supported the
confluence of the cells (Table 4 and Fig .3).

4.5 EFFECT OF TEMPERATURE ON CELL CONFLUENCE
The incubation temperature of 28'c was found to be optimum

incubation temperature for growth of cells (Table S and Fig.4).

4.6 EFFECT OF FBS ON CELL CONFLUENCE
15% FBS in the growth media was found to have higher percentage of
confluence of growth cells (Table 6 and Fig.5) .

4.7 EFFECT OF EGF ON CELL CONFLUENCE
The EGF was added at different levels of 5,10,15,20,25.30 pul to the
growth media. The media with 20ul gave the best confluence as well as

growth (Table 7 and Fig .6).
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Table No. 2: Effect of media with pH 7.6, Osmolality
(450 mmol/kg) on Cell Confluence

Media
L-15 70
Medium 199 35
EMEM 20

% of confluence |

o

Table No. 3: Effect of Osmolality (mmol/kg) of Media (L.-15) on

Cell Confluence

Osmolality (mmol/kg)

350

450

550

650

% of confluence

- TR

60

75

60

40




Fig.1: Effect of Media on Cell Confluence

80 -
9
o |
S 60
-
=
: |
S
O 40
S
° |
°\° |
20 I
L-15 Medium199 EMEM
Media
Fig.2: Effect of Osmolality on Cell Confluence
80
S
= 60
L
=
E
e 40 |
o
-
=
X 2 I
0
350 450 550 650

Osmolality mmol/kg

29



aDMINISTRATOR

aDMINISTRATOR


Table No. 4: Effect of pH of the media (L-15) on Cell Confluence

pH % of confluence
7.5 35

78 75

8.0 70

8.2 S

Table no. 5: Effect of Temperature on Cell Confluence

Temperature ('c) % of confluence
24 50
28 78
32 60
37 55

30



Fig.3: Effect of pH of Media on Cell Confluence
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Table No. 6: Effect of Foetal Bovine Serum (FBS) on Cell Confluence

Foetal Bovine Serum o 9 o of chf'ﬂ,?,',_e,“_c,c
5 35
10 © 40
15 75
20 75
25 75

Table No. 7: Effect of Epidermal Growth Factor on Cell Confluence

Epidermal Growth Factor % of confluence

(EGF) ]
Sul 65

10 pl 67

[Sul 70

20yl 75

25ul 65

30u] 60




% of Confluence

% of Confluence
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Fig.5: Effect of FBS on Cell Confluence
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Table No.8 Cell growth in the media (L-15) having pH 7.61 Osmolality
450 (mmol/kg), FBS 20%, EGF 20ul and 8% of prawn extract

Days % of confluence ____,_]‘
! 25
2 40
3 55
4 75
5 75
6 00 j
7 45 ;
N




% of Confluence

Fig.7: Cell Growth
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5. DISCUSSION

Aquaculture, a growing industry in many parts of the world, is geared
to meet the increasing demand for aquatic products. Concomitant with the
rapid expansion of aquaculture, occurrence of disease became wide spread.
Viral diseases are suspected in several outbreaks of diseases in India,
which, however are not studied in detail. Cell cultures are of immense
importance where diagnosis of unexplained mortalities of prawn is needed.
In the present study, conditions for the successful primary lymphoid organ
culture of M.rosenbergii have been established for that commercially
available three basal media, supplements and additives were evaluated for

attachment, growth in the culture.

In the present study three commercially important media were tested for
their support to attachment and growth of the lymphoid cells of M
rosenbegii in vitro. The media L-15, M 199 and EMEM, which are quite
different in the number and proportion of their components, did not have
similar effect in the same species. L.-15 supported the growth better than
the other two media. These results are in accordance with the studies of
Freshney (1983) in mammalian fibroblasts and in shrimp cell cultures (

Leudman and Lightner, 1992 and Chen ¢r a/., 1980) (Table 2 and Fig.1)

Media composition was important in the ultimate success of cell
culture, other factors also significant. In addition to the components of the
media supplements, pH, osmotic pressure and maintenance temperature
have a dramatic effect on cell growth. When, Foetal bovine serum is added

to media as a supplement at the rate of 15% gave the good results. Tt was



similar to that of shrimp lymphoid cell culture by Philip (1997). Hsu (1995)
obtained good results with 10% FCS in the culture of [ymphoid organ of P.
monodon. Prawn muscle extract containing growth factors had a positive
influence on cell growth, at the rate of 8% was used. This is an agreement
with Tong and Maio (1996) found 10% muscle extract in conjuction with
20% FBS enhanced cell growth and disagreement with the finding of
muscle extract was not necessary for confluent growth (Luedman and

Lightner, 1992).

The optimal osmolality for the maintenance of prawn lymphoid cells
was found to be at 450mmol/k (Table 3 and Fig. 2). This result was similar
to that of embryonic tissue of M.rosenbergii cell line cultures (Frerichs,
G.N, 1996) and is different that of penaeid shrimp cells (Chen et al., 1999).
The optimal maintenance temperature was found at 28°C, which vary
according to the species, it was found 25°C for tissues of P. japonicus and
28°C for tissues of P. monodon (Chen and Wang, 1999 ), The pH of 7.8
was given good results, is very similar to that of mammalian fibroblasts
(Freshney, 1983) and to the primary cell culture to the shrimps (Chen et al.,
1986, Luedman and Lightner, 1992), but slightly that found in inscct cells
(Grace, 1992). EGF at the rate of 20ul per 100ml. of growth medium
enhanced the growth rate ( Table 7 and Fig.6)

Cell cultures are liable for contamination and is the main obstacle
for successful development of a cell culture (Wolf and Quimby, 1969;
Sathe etal, 1995). Surface of prawn, is constantly bathed in water and thus
harbours plenty of microbes and parasites. It not removed these can get

into culture. So, prawn was held in clean water for several days prior to
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-emoval of organ. Further anti microbial chemicals like KMnoy, bleaching
powder and antibiotics were used which proved to eliminate the externa

microbes.

The growth medium supported the multiplication of cells upto 4 day:
only and further studies are necessary to extend the life of the cells anc

their ability to multiply.

In the present study primary culture were established from lymphoi
organ of Macrobrachium rosenbergii could be used as a convenien
bioassay tool. In conclusion, methodologies are yet to be developed witd
regard to the basal media and characterization with regard to karyotyping
viral sensitivity, isoenzyme pattern etc is needed for successfu

development of cell culture.

38



REFERENCES



6. REFERENCES

Adams, R. L. P. (1990)*. Cell culture for biochemists. Laboratory
Techniques in biochemistry and molecular biology, 2™ rev. ed.
Elsevier, Amsterdam.

Alaguacil, M. N., Babich, H., Rosenberg, D.W. and Borenfreund, E.
(1991)*. In vitro response of the brown bullhead catfish cell line, BB
to aquatic pollutants. 20: 113-117

Babich, H., Rosenberg, D.W and Borenfreund, E. (1991)*. In vitro
cytotoxicity studies with the fish hepatom cell line, PLHC-I
(Poeciliopsislucida). Ecotoxicol. Environ. Safety 21:327-336

Barnes, D. W. (1982)*. Epidermal growth factor inhibits growth of A431

human epidermoid carcinoma in serum free culture. Journal of Cell
Biology 93: 1-4

Bottenstein, J., Hayashi, 1., Hutchings, S., Masuy, H., Mather, J., Mc
Clure, D.B., Ohasa, S., Rizzino, A., Sato, G., Serrero, G., Wolf, R.,
and Wu, R., (1979)*. The growth of cells in serum free hormone-
supplemented media. In. Methods in Enzymology. W. B. Jakoby and
I.H. pastan, eds. Academic Press, 58: 94-109.

Bradford, C.S. (1997). Characterization of cell cultures derived from Fugu,
the Japanese puffer fish.  Molecular Marine Biology and
Biotechnology 6 (4): 279-288.

Bright, 1.S. ,Rosamma Philip, Ravindranath, M. and Shanmugam, J.
(1995). Development of primary cell cultures from kidney of fresh
water fish (Heteropneustus fossilis). Indian Journal of Experimental
Biology 33: 595-599.

Cattey, M.A. (1990)* Transport characteristics of hepatopancreatic and

antennal gland epithelia in primary cell culture. PAC.-SCI 44 (2):
183. ’

39



Chen. S.N. (1998)*. Establishment Characterization and application of cell
cultures from marine fish, crustaceans and molluscs. International
symposium on Marine Molecular Biology, Baltimore, MD pp 9-12.
USA.

Chen, S.N.,, Shih. H.H., Kou, and Guang. H. (1995)*. Primary cell cultures
from tissues of Penaeid shrimps and their susceptibilities to
Monodon type Baculovirus (MBV). COA Fisheries Series. Taipei
53: 1-14.

Chen, S.N., and Wang, C. S. (1999). Establishment of cell culture systems
from penaeid shrimp and their susceptibility to white spot disease
and yellow head viruses. Methods in Cell Science 21: 199-206.

Chen, S.N., Chi, S.C. Kou, G. H. and Liao, I. C. (1986). Cell culture from

tissues of grass prawn, Penaeus monodon. Fish Pathology 21: 161-
166.

Chen, S. N and Kou, G.H. (1989). Infection of cultured cells trom the
lymphoid organ of Penaeus monodon. Fabrics by monodon type
baculovirus (MBV). Journal of Fish Diseases 12: 73-76.

Cheng J. H and Lio, I.C. (1986)*The effect of salinity on the osmotic and
ionic concentration in the haemolymph of P. monodon and
P.pencillatus In: J. L. MacLean, L. B. Dizon and L. V. Hosillos
(editors), The first Asian Fisheries Forum. Asian Fisheries Society.
pp. 633-636. Philippines.

Cheng, L. L., Bowser, P. R. and Spitsbergen, J. M. (1993)*. Development
of cell cultures derived from the lake trout liver and kidney in a

hormone supplemented serum- reduced medium. Journal of Aquatic
Animal Health 5: 119-126 °

Chung, S. D., Alavin, N., Livingston, D., Hiller, S. and Tube, M. (1982).
Characterisation of primary rabbit kidney cultures that express
proximal tubules function in a hormonally defined medium. Jowrnal
of Cell Biology 95: 118-126.

Cunnighum, C. H. (1966)*. A laboratory guide in virology 4" edition.
Minneapolis Minn., Burghees publishing company, U.S.A.

40



Dederer, P. H. (1921)*. The behavior of cells in tissue cultures of Fundulus

heteroclitus with special reference to the cctoderm. Biological
Bulliton 41: 221-240.

Eagle, H. (1955)*. Nutrition needs of mammalian cell in tissue culture.
Science 122: 501-504.

Faisal, M., Rutan, J. and Sami-Demmerle, (1995). Development of
continuous liver cell cultures from the marine teleost, spot
(Leiostomusxanthurus, Pisces: Sciaenidae). Aquaculture 132: 59-72.

Fernandes, M. N., Eddy, F.B. and Penrice, W.S. (1995). Primary cell

culture from gill explants of rainbow trout. The Fisheries Society of
the British Isles 1022: 641-651.

Fraser, C. A and Hall, M. R. (1999). Studies on primary cell cultures
derived from ovarian tissue of Penaeus monodon. Methods in Cell
Science 21: 213-218.

Frerichs, G. N. (1996). In vitro culture of embryonic cells from the

freshwater prawn, Macrobrachium rosenbergii. Aquaculture 143:
227-232.

Freshney, R. [. (1987)*. Culture of animal cells-A manual of basic
technique, 57, Alan R. Liss, New York.

Freshney, R. 1. (1983)*. The culture environment: 1. Media and

supplements. Culture of animal cells- A manual of basic technique.
pp.1-8. New York..

Goodrich, H.B. (1924)*. Cell behaviour in tissue cultures. Biological
Bulliten 46: 252-262

Grace, T. D. C. (1982)*. Development of inscct cell culture. In: K.
Maramorosch, Invertebrate tissue culture. Academic Press. pp. 1-8.
New York.

i

41



Grutzner, L (1958)*. In vitro—Zuchtung des Leber-und Nierengewebes von
Tinca vulgaris Cuv. (schleie) in trypsinicrten
Einschichtgewebekulturen. Zentr. Bakteriol., parasitenk., Abt. 1.
Orig, 173: 195-202.

Ham, R.G and McKeehan, W.L. (1979)* Media and gréwth requirements.
In methods in enzymology, William,B., Jakoby & Ira, H,
Pastan(eds.)Academic Press Inc.Newyork.

Ham, R.G. (1982)*. Importance of basal nutrient medium in the design of
hormonally defined media. In. 'Growth of cells in hormonally
defined media’. (G.H Cold Spring Harbor laboratory). Cold Spring
Harbor: New York.

Hashimoto, H., Toyohara, H., Yokohama, Y., Sakaguchi, M., Ozato, K.
and Wakamatsu, Y. (1997). Effect of carp serum on the growth of

goldfish fin cells in early passage. Journal of Fish Biology 50: 201-
207 ‘

Hayashi, S. and Oshiro, Z. (1985)*. Primary culture of the freshly isolated
liver cell of eel. Bulletin of Japanese Society of Scientific Fisheries
S51(5): 756-771.

Hightower, L. E. and Renfro, J. L. (1988). Recent application of fish cell
culture to biochemical research. The Journal of FExperimental
Zoology 290: 290-302.

Hightower, L. E. and Renfro, J. L. (1988). Recent application of fish cell
culture to biomedical research. The Journal of Experimental
Zoology 248:290-302.

Hsu, Y. L., Yang, Y. H,, Chen, Y.C., Tung, M.C., and Jen-Leih Wu,
(1995). Development of an /n vitro subculture system for the Oka

organ (Lymphoid tissue) of Penaeus monodon. Aquaculture 136: 43-
55.

Itami, T., Aoki, y., Hayashi, K. 1., Yu.Y and Takahashi, Y. (1989). /n vitro
maintenance of cells of lymphoid organ in Kurma shrimp, Penaeus
Japonicus. Nippon Suisan Gakkaishi (Bulletin of Japarese Society of
Science and Fisheries) 55: 2205.



Jayme, D.W. and Blackman, K. E. (1985)*. Review of culture media for
propagation of mammalian cells, viruses and other biolgical. In,
Advances in Biotechnological processes (A, Mizrahhi and AL 1.
Van, Wenzel, eds) Alah . R. Diss, New York §: 1-30

Jayme, D.W. and Greenwold, D. J. (1991)*. Media selection and design:
Wise choices and common mistakes. Biotechnology 9: 716-721.

Kasornchandra, J., Khongpradit, R., Ekpanithanpong, U. and
Boonyaratpalin, S. (1999). Progress in the development of shrimp
cell cultures in Thailand. Methods in Cell Science 21: 231-235.

Kawamoto,T., Sato, J. D., Le, a., Policoff, J., Sat, G. H. and Mendelsohn, J.
(1983)*. Growth stimulation of A431 cells by epidermal growth
factor: identification of high-affinity receptors for epidermal growth
factor by an ant-receptor monoclonal antibody. Proc. Nad. Acad. Sci.
80: 1337-1341. USA.

Kou, G.H., Wang, C. H., Hung, HW., Jan Y. S., Chou, C. M and Lo, C.F.
(1995). A cell line (Ep-1 cell line) derived from “Beko diseases”
affected Japanese eel elver (Adnguilla japonica) persistently infected
with Pleistophora anguillarum. Aquaculture 132: 161-173.

Lakra, W. S and Bhonde, R. R. (1996). Development of Primary Cell
Culture from Caudal Fin of an Indian Major Carp, Labeo rohita,
(Ham) Asian Fisheries Science 9: [49-152.

Le Merrec-Crog, F and Glaise, D. et al. (1997). Primary cultures of heart
cells from the scallop, Pecten maximus (Mollusca-Bivalia). In Vitro
Cell Developmental Biology.-Animal 35: 289-295.

Lewis, M.R and Mac Neal, P.S. (1935)*. A study of pituitary gland of

certain by means of tissue cultures. Bull. Mt. Desert Isl. Biol. Lab
37:14-16.

Leigh Owens and Jan. Smith (1999). Early attempts at Production of
Prawn cell lines. Methods in Cell Sciens 21:207-211

43



Loo, D.T., Funquay, J.I., Rawson, C.L. and Barnes, D.W. (1987). Lixtended
culture of mouse embryo cells without senescence: Inhibition by
serum. Science 236: 200-202.

Luedeman, R. A and Lightener, D.V. (1992). Development of an in vitro
primary cell system from the penaeid shrimp, Penacus stylirostris
and Penaeus vannamei. Aquaculture 101:205-211.

Lyons, A.M., Tarazona, J.V. and Mothersill, C. (1996)*. The differential
effects of cadmium exposure on the growth and survival of primary
and established cells from fish and mammals. Ce// Biol. Toxocol. 12
(1): 29-38.

Mark St. J. Crane and John A.H. Benzie. (1999). The Aquaculture CRC
Invertebrate Cell Culture 2-4 November 1997, University of
Technology, Sydney, Australia.

McCormack, C.A. and McDonnel, (1995). Medium-term organ culture for
teleost fish retinae. Journal of Fish Biology .46: 365-367.

Mckeehan, W.L. (1984). In methods for preparation of media, supplements

and substrata for serum free animal cell culture, Alan, R. [.iss, New
York, 209.

Oka. (1969). Studies on Penacus orientalis Kishinouye-Structure of the
newly found Lymphoid organ. Bulletin of the Japanese of Scientific
Fisheries 35: 3245-250.

Osowski, H. (1914)*. Uber aktive Zellbewegung im explant at von
Wirbeltierembryonen. Arch. Entwicklungsmech. Organ 38: 547-583.

Pani Prasad, K. (1999). Development of shrimp lymphoid organ culture
system. Laboratory maunual, Disease Diagnosis in Aquaculture with
special reference to immunodiagnostics (Rajendran, K.V. and Pani
Prasad, K. eds.) CAS in Fishery Science, Central institute of
Fisheries Education, Mumbai, 140-142.

Pani Prasad, K. (1997). Estimation of toxicity on cell lines. Laboratory
Manual,  Advanced  Techniques in  marine  Biotechnology

44



(Venkatesweran, K. and Pani Prasad, K. eds.) CAS in Fishery

Science, Central Institute of Fisheries Education, Mumbai, pp 068-
69.

Paul, J (1975)*. Cell and tissue culture, 5" edition Churchill Livingstone,
Edinburg, U.K.

Philip C. Loh, Lourdes M. Tapay and Yuanan Lu. (1997). Quantal assay of
viruses in primary shrimp Lymphoid cell cultures. In; K.
Maramorosch and J. Mitsuhashi (eds). Invertebrate Cell culture:
Novel direction and Biotechnology Applications 253-259. Science
Publishers Inc. USA.

Rawson, C. L., Loo, D.T., Duimstra, J.R., Hedstrom, O. R., Schmidt, k. E.
and Barnes, D. W. (1991)*. Death of serum free mouse embryo cells
caused by epidermal growth factor deprivation. Jouwrnal of Cell
Biology 113: 671-680.

Rawson, C., Smith, C. and and Barnes, D . (1990)*. Death of serum free
mouse embryo cells caused by epidermal growth factor deprivation
is prevented by cycloheximide. 12-0O-tetradecanoyl phorhol-13-
acetate or vandali. Experimental Cell Resceareh 186: 177-181.

Robert, J. Hey. (1994). Testing Cell Cultures for Microbial and Viral
Contaminants. Cell Biology, A Laboratory Handbook. pp 25-40.

Rosemarie, C., Ganssin and Niels, Bols. C. (1996). Development of fong-
term rainbow trout spleen cultures that arc hacmopoictic and produce
dendritic cells. Fish and Shellfish Immunology 8: 17-34.

Rosenthal, J and Diamant, A. (1988)*. In vitro primary cell cultures from
Penaeus semisulcatus. Pathology in marine Science. Proceedings of
the third international colloquium on pathology in marine
Aquaculture held in Gloucester point, Virginia, Oct 2-0, 1988.

Sathe, P.S., Mourya, D.T., Basu, A., Gogate, S.S. and Banerjee (1995).
Establishment and characterisation of a new fish cell line. MG-3,
from gills of Mrigal, Cirrhinus mrigala. Indian  Journal of
Exiperimental Biology 33: 589-594.



Schlumberger, H.G. (1949)*. Cutancous leiomyoma of gold fish
Morphology and growth in tissue culture. American Journal of
Patholology 25: 287-299.

Shang-Liang Tong, Hong Li and Hong-Zhi Miao. (1997). 'The
establishment and partial characterization of a continuous fish cell
line FG-9307 from the gill of tlounder, Paralichthvs olivaceus.
Aquaculture 156: 327-333.

Tapay, L.M., Lu, Yuanan, Brock, J. A., Nadala, ECB Jr and Loh, P.C
(1995)*. Transformation of primary cultures of shrimp (Pcnacus
stylirostris) lymphoid (oka) organ with simian virus-40 (T) antigen.
Exp .Biol Med 209: 73-78.

Taub, M and Sato, G. (1979). Growth and function of primary culture of
kidney epithelial cells in defined medium. Jowrnal of  Cell
Physiology 105: 369-378.

Todaro, G.J., and Green, H. (1963). Quantitative studies of the growth of
mouse embryo cells in culture and these developments into
established lines. Journal of Cell Biology 17: 299-313.

Tong, Shang-Liang and Miao, Hong-Zhi. (1996)*. Attempts ‘o initiate cell
cultures from Penaeus chinensis tissues. Aguaculture 147 151-157

Toshiaki [tami, Yoichiro Aoki, Ken-Ichi Havashi, Yan Yu and Yukinori
Takahashi. (1989). /n Vitro Maintenance of Cells of Lymhoid Organ

in Kurama Shrimp, Penacus japonicus. .Nippon Suisan Gakkaishi 88
(12): 2205

Toullec, J.Y., (1999). Crustaccan primary cell culture: A technical
approach. Methods in Cell Scicnce 21: 193-198.

Toullec, J.Y., Crozat, Y., Patrois, J. and Porcheron, P. (1990).
Development of primary cell cultures from the penacid shrimps

Penaeus vannamei and P. indicus. Journal of Crustacean Biology
40: 643-649.

Trumbore, R.H., (1996)* The cell: chemistry and function. C.V. Mosby,
USA: 412 pp.

46



Yuananlu, Lannan, C. N., Rohoveg, J. S. and Fryer, J.L.. (1990). Fish cell
blines: Establishment and characterization of three new cell lines from

grass carp (Ctenopharyngodon idella). In Vitro Cell development
Biology 26: 275-279.

Wang, R., Neumann, N. F.. Shen, Q. and Beloscvic, M. (1995).
Establishment and chracterisation of a macrophage cell line from the
goldfish. Department of Biological Science and Immunology,
University of Alberta.Edmonton. AB Canada

West, L., Mohony, T., McCarthy, F., Watanabe, J., Hewitt, D. and
Hansford, S., (1999). Primary cell cultures isolated from Penacus

monodon prawns. Methods in Cell Science 21: 219-233.

Wolf, K. and Quimby, M. C. (1962)* Established curythermic line of fish
cells in vitro. Science 135: 1065-1066.

* Not Seen in Originals

47



Appendix

The composition and preparation of media and reagents
employed in the study are given as follows.

Brain Heart Infusion (BHI) Agar

Ingredient Grams/Litre
Calf brain infusion 200.00
Beef extract, infusion form 250.00
Proteose peptone 10.00
Dextrose 2.00
Sodium 5.00
Di-sodium phosphate 2.50
Agar 15.00

To 3.7gms of dehydrated medium 100 ml. of distilled water
was added and boiled for few minutes and pH adjusted to 7.4 before
sterilization by autoclaving at 121°C, 15 Ibs pressure for 20 min.

BUFFER

Phosphate buffer saline (PBS)

NaCl 8.0g
NaH2PO4 144g
KH,PO,4 0.2g
KClI 0.2g
Triple Distilled water  1000ml
pH 7.2
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