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Three new cell lines were established from explants of fin (GCF), snout

(GCS-2), and swim bladder (GCSB) obtained from two grass carp fry,

Ctenopharynogodon idellus. The GCSB cells were fibroblastic and the GCF

and GCS-2 cells exhibited mixed morphology. The new cell lines have

been successfully subcultured fifty times. The three cell lines were

maintained at temperatures between 20-360C with the optimum 28-320C.

The plating efficiencies for GCF, GCS-2, and GCSB were determined to be

approximately 13, 7, and 4%, respectively. The three cell lines exhibited

similar chromosome distributions which ranged from 39 to 51 with a modal

number of 48. The cell lines were free of mycoplasmal, bacterial, and fungal

contamination at the tenth and thirty-fifth passages. These cells were tested

for their susceptibility to eight fish viruses. The chum salmon virus (CSV),

golden shiner virus (GSV), infectious hematopoietic necrosis virus (IHNV),

infectious pancreatic necrosis virus (IPNV), and spring viremia of carp virus

(SVCV) were found to replicate in all three cell lines. However, channel



catfish virus (CCV), channel catfish reovirus (CRV), and chinook salmon

paramyxovirus (CSP) failed to replicate in these cells.
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ESTABLISHMENT AND CHARACTERIZATION

OF THREE NEW CELL LINES FROM GRASS CARP

(CTENOPHARYNGODON IDELLUS)

INTRODUCTION

Grass carp, Ctenopharyngodon idellus, natives of China, were

introduced into Japan, Southeast Asia, southern Africa, Israel and eastern

Europe, and are now propagated in western Europe (Meske, 1985) and

North America (Stickney, 1979). Grass carp are becoming one of the major

species of cultivated fish and are widely utilized to control aquatic

vegetation. With increased cultivation of grass carp, there is a need to

develop methods for detection, prevention, and control of infectious

diseases of these fish.

Grass carp are among the warm-water fish which appear very sensitive

to infectious microorganisms (Huang et al., 1982; Nie, 1985). In addition to a

number of bacterial infections, two viral agents have been found in cultured

grass carp (Ahne, 1975; Ahne, 1976; Chen et al., 1983) and significant

losses caused by one of these viruses, grass carp reovirus (GCRV) (Chen

and Jiang, 1983), were reported in the People's Republic of China. The

mortality associated with this disease may be as high as 95% among

infected grass carp (Nie and Pan, 1985). However, these studies were

limited by a lack of certain investigative tools and relevant methodology.
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The availability of susceptible fish cell lines is essential to the isolation,

cultivation, and study of fish viruses. Since the first fish cell line was

established in the late 1950's (Grutzner, 1958), more than sixty fish cell lines

had been developed by 1980 (Wolf and Mann, 1980). During the next

seven years, twenty additional fish cell lines were established. Few cell

lines have been initiated from carp (Qjima and Ueda, 1976; Fijan et al.,

1983; Ribeiro et al., 1983; Chen, Chen and Yi, 1985), and only one of these

was of grass carp origin (Zhang and Yang, 1981). More grass carp cell lines

are needed to propagate viruses isolated from these fish and to study host-

virus relationships.

The purpose of this work was to establish cell lines from selected

tissues of grass carp for the culture and study of viruses. In this study, three

new cell lines, derived from the fins, snout, and swim bladder of grass carp,

were established and characterized. These three cell lines have been

successfully subcultured.
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LITERATURE REVIEW

Grass Carp

Grass carp (Ctenopharyngodon idellus) are one of the most important

freshwater fish in Asia. These animals originated from China and have been

cultivated for over 2000 years (Shao, 1977). Since 500 A.D., grass carp

have become the principal farmed fish in China. After centuries of cultivation

in China, grass carp were introducted into Japan and Southeast Asia. The

introduction of these fish to the west did not occur until World War II when the

efficiency of grass carp as macrovegetation feeders was recognized. Since

then, these animals have been introduced into many countries on all seven

continents.

Grass carp are ideal for aquaculture and for controlling excessive

growth of aquatic vegetation because they are able to feed on a large variety

of aquatic plants and reduce the cost of chemical or mechanical methods of

weed control (Bardach et al., 1972). Like other cyprinids, grass carp are

raised in warm water. These animals tolerate a wide range of temperatures

and optimally grow in water between 20-280C (Huet, 1972). Therefore, they

exist mostly in tropical and temperate waters.

Traditionally, grass carp are cultivated in ponds but spawn naturally

once a year in rivers. Although these animals attain sexual maturity in

ponds after approximately two years in tropical water or 3-4 years in

temperate areas, they fail to spawn in still water and densely populated

ponds. In the 1960's, techniques using hormone injections to induce mature

brood stocks to spawn were developed. Previous to the development of this

technique, fry were obtained only from their natural habitats.
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Grass carp are excellent food converters and grow very rapidly.

However, these animals are susceptible to a variety of infectious agents (Nie

and Pan, 1985), and great losses resulting from disease occur each year in

China. An intensive study of the etiology, epidemiology, and prophylaxis of

these infectious agents has been conducted in China (A Meeting

Compilation of Current Research on Grass Carp Diseases, 1984).

Fish Cell Cultures

The first attempt to cultivate animal tissues and cells j vitro occurred in

1885 when Roux tried to maintain chick neural tissue in warm saline. Two

years later, Arnold induced frog leukocytes to infiltrate elder pitch, soaked in

aqueous humor, in order to observe cell movement and behavior. In 1907,

Harrison employed frog neural tissue to demonstrate the outgrowth of nerve

cell fibers. Current animal cell and tissue culture is predominately directed

toward mammalian systems; however, cell culture techniques were believed

to originate from chick, then frog, and fish tissue (Freshney, 1983). The

number of mammalian cell lines is greater because of the rapid

development of experimental animal husbandry and of the need to study

health-related diseases of humans and domestic livestock.

Osowski (1914) was the first to report the use of fish tissue for cell

culture. He explained embryonal and fry trout tissue and successfully

maintained the tissue explants in both Ringer's solution and in frog lymph for

24 hours. Following Osowski's methods, Dederer (1921) attempted to

culture explants of Fundulus heteroclitus embryo in a crude medium

containing either diluted sea water (20-50%) supplemented with Fundulus

bouillion, NaHCO3, and dextrose or Locke's physiological saline with
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chicken bouillon. He found that both media were able to support Fundulus

nerve fiber growth it vitro. Several other attempts to culture Fundulus,

crucian carp, pike and lamprey tissue during the 1920's were made by

Goodrich (1924) and Chlopin (1925, 1928).

Significant progress in fish cell culture was made in the late 1950's and

1960's. In 1958, Grutzner was the first to adapt trypsin, which had been

developed for mammalian tissue culture, to fish tissue culture. In his study,

trypsin was used to digest tench ( irLica lino) tissue at, or below, 200C. This

technique yielded cultivatable cells which were able to form a primary

monolayer and subcultures were successfully conducted. To develop a

simple and efficient method to grow normal fish cells, Wolf and Dunbar

(1957) attempted to cultivate adult trouts (Salmo gairdneri. . trutta, and

Salvelinus fontinalis) and gold fish (Carassius auratus) tissue. They found

that trypsinization of cold-water fish tissue was feasible and that explants

could be stored at 40C for 24 hours. The trout tissues were successfully

maintained for two months and the goldfish heart continued to beat for ten

months. Wolf et al. (1960) developed a different procedure for the cultivation

of cold-water teleost tissue by employing mammalian cell culture

techniques. Tissue explants from amphibian, reptile, and six freshwater

teleosts were trypsinized at 4-60C. Using this method, the first permanent

fish cell line, designated rainbow trout gonad-2 (RTG-2), was established

(Wolf et al., 1962). By trypsinizing fin cells of the blue-striped grunt,

Haemulon flavolineatum, Clem et al. (1961) developed the first marine fish

cell line (GF-1). Four years later, Fryer, Yusha, and Pilcher (1965) attempted

to establish cell cultures from coho salmon (Oncorhynchus kisutch

(Walbaum)), chinook salmon (Oncorhynchus tshawytscha), steelhead trout
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(Salmo gairdneri) embryo, and rainbow trout (Salmo gairdneri) hepatoma

tissue. Four of the five cultures exist today as permanent cell lines. During

that same year, Grave II and Malsberger (1965) developed a cell line from

northern fathead minnow (FHM) (Pimephales promelas) epithelial tissue.

In order to determine the optimum conditions for initiating and

maintaining salmonid fish cells, Fryer, Yusha, and Pilcher (1965) studied the

factors affecting growth of salmon and steelhead trout embryonic cells.

These factors included enzymes for digesting cells, type of culture media

and animal sera, the concentration of cell inocula used for both primary

cultures and subcultures, effect of atmospheric carbon. dioxide (002), pH of

media, and the effect of different incubation temperatures. In the late 1960's,

Wolf (1969) published the first review of the methods used for teleost tissue

culture. He described the essential factors needed for culturing fish cells

such as physiological saline and culture media. He also suggested that

embryonic fish cells were the most readily cultivated, followed by gonad,

swim bladder, fin, gill, heart, spleen, and kidney; however, liver tissue was

difficult to cultivate. Wolf again summarized the methods for cold-blooded

vertebrate cell and tissue culture in 1979. He reported that fish cell

cultivation could be conducted over a wide range of temperatures (cold-

water fish 4-260C; warm-water fish 20-3700) and that incubation

temperatures should slightly exceed that of the intact animal. He also

demonstrated that both external and internal tissues were able to be

cultured; although, the former had a greater risk of contamination. In order to

reduce contamination, he suggested decontaminating donor fish prior to

cultivation. In addition, he emphasized the use of bacterial antibiotics in

culture media. These early studies of teleost cell cultivation, as well as, the
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quality of equipment, media, and supplies led to the rapid development of

fish cell culture. The discovery of viral diseases in fish populations and the

recognition of fish cell culture as an important tool to study fish viruses

further stimulated advances in fish cell culture. Most of the tissues and cells

cultured were from different species of fish and were successfully

established is vitro. Over sixty cell lines were developed from 17 families

and 36 species of fish by 1979 (Wolf and Mann, 1980). Since 1979, twenty

additional fish cell lines have been established (Table 1). The use of fish

cell lines has led to the isolation of over 25 viral agents from fish (Pilcher and

Fryer, 1980; Wolf, 1984).

The first attempt to culture grass carp cells was performed during the

late 1970's in China (Zhang and Yang, 1981). An outbreak in the early

1970's of a viral disease in grass carp fingerlings stimulated an interest in

the development of grass carp cell culture La vitro (Chen et al., 1983). In

order to isolate, cultivate, and study grass carp viruses in vitro, Zhang and

Yang (1981) attempted to culture grass carp cells. The cell line, designated

ZC-7901, was derived from grass carp snout tissue. In their study, snout

tissue was obtained by the explant technique (Wolf and Quimby, 1976), and

medium 199, supplemented with 15% fetal bovine serum (FBS), was used

for primary culture and subcultures. This cell line was reported to be

susceptible to the grass carp reovirus. In recent years, many investigators

have attempted to establish additional grass carp cell lines in China (Asian

Symposium on Freshwater Fish Culture, 1985). However, at this time, no

publications describing grass carp cell lines have appeared in literature.



Table 1. Fish cell lines established and reported between 1980 and 1987.

Cell
Line Species of Origin Tissue

Cell
Morphology

Year
Initiated

Original
Reference

CrF Micropogon undulatus Muscle F.a U.b Middlebrooks et al. (1980)
We -1 Stizotedion vitreum Vit. Dermal tumor F. 1975 Kelly et al. (1980)
RTH-149 Salmo aairdneri Hepatoma EC 1963 Fryer et al. (1981)
CyA-1 Cynoscion prenarius Muscle F. 1975 Middlebrooks et al. (1981)
CyA-2 arenarius Muscle F. 1975 Middlebrooks et al. (1981)
EO-2 Anguilla japonica Ovary F. 1981 Chen and Kou (1981)
KIK Clarias batrachus Kidney F. U. Noga and Hartmann (1981)
GD11 Stizotedion batrachus Gonad E.F.d U. Noga and Hartmann (1981)
GIB batrachus Gill Re U. Noga and Hartmann (1981)
YTK Seriolaquinqueradiata Kidney U. 1977 Watanabe et al. (1981)
SBK Lateolabrax japonicus Kidney U. 1978 Watanabe et al. (1981)
RSBF Chryosophrys major Fry U. 1978 Watanabe et al. (1981)
TK-1 Tilapia hybrid Kidney E. 1981 Chen et al. (1983)
TO-2 Tilapia hybrid Ovary E. 1981 Chen et al. (1983)
KO-6 Oncorhynchus nerka Ovary E. 1977 Lannan et al. (1984)
CHH-1 Etta Heart E. 1978 Lannan et al. (1984)
GFT Poecilia recitulata Fetal E. 1979 Li et al. (1984)
SH Acipenser oxyrhynchus Heart F. 1977 Li et al. (1984)
PF Poecilia formosa Fry F. U. Shima and Setlow (1985)
CAB-80 Carassius auratus L. Embryo E.F. 1979 Chen et al. (1985)

aF=fibroblast
bU=unknown
dE=epithelial

dE.F.=bimorphology (epitheloid + fibroblast)
eP.pleomorphic

CO
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MATERIALS AND METHODS

Growth Media

Eagle's minimum essential medium with Earle's salts (Automod, Sigma

Chemical Co, St. Louis, MO) and Medium 199 with Hanks' balanced salt

solution (HBSS) (Sigma) were used for propagation of explanted tissues

and for GCF, GCS-2, and GCSB cells. Media were supplemented with 20%

fetal bovine serum (FBS) (Hyclone Laboratories Inc.) and antibiotics (200

units penicillin, 200 ug streptomycin, 100 units nystatin, and 50 units

gentamicin/ml). The media were adjusted to pH 7.2-7.4 wtih 7.5% sodium

bicarbonate (NaHCO3). The culture medium during early passages

consisted of 40% old and 60% fresh medium. After passage 12, the old

growth medium was omitted and the concentrations of serum and antibiotics

were halved (Bowser et al., 1980).

Fish Sources au i Treatment

Grass carp (6-8 g and 3.9-4.7 cm in length) were obtained from the

Oregon Department of Fish and Wildlife. Prior to the experiment, donor fish

were maintained in fish pathogen-free fresh water at the Hatfield Marine

Science Center, Newport, Oregon, for two days and observed for signs of

disease. Fish were sacrificed and immersed in iodophor solution for five

minutes, then rinsed three times with 70% alcohol, and sterile dry cotton was

used to remove excess disinfectant.
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Organ and Tissues Selected la Cell Culture

Eleven organs and tissues were obtained from two donor fish using

aseptic techniques. Fins, snout, liver, spleen, swim bladder, kidney, gall

bladder, small intestine, heart, skeletal muscle, and brain were excised in

succession from the fish and placed in Petri dishes.

Primary Cell Culture

The organs and tissues used for primary cell culture were immersed in

antibiotic incubation mix (AIM: penicillin 1000 U/ml, streptomycin 1000

µg/ml, nystatin 500 IU/ml, and gentamicin 250 IU/m1) for ten minutes, then

washed twice with HBSS. The tissues were minced into 1-2 mm3 pieces

using two sharp sterile scalpels.

Approximately twenty, 1-2 mm3 minced pieces of each organ or tissue

were planted uniformly into 25 cm2 plastic flasks (Corning). After 30

minutes, the flasks were turned to place the growing surface vertically for 1.5

hours to drain off excess tissue fluid and HBSS (Wolf and Quimby, 1976).

Following this, 5 ml of Medium 199, supplemented with 20% FBS (199-20)

and antibiotics, was added to the flasks. The explant cultures were

incubated at 280C with weekly changes of medium.

Subculture

After monolayer formation, the tissue fragments were dislodged from

the flasks. The confluent cell sheet was washed twice with 2 ml of 0.1%

versene-trypsin (GIBCO) solution (VTS) and the cell sheets were disrupted

with another 2 ml of VTS. When completely dislodged, the cells were

resuspended in 6 ml of new medium and 4 ml of filter-sterilized old medium.
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The cell suspension was distributed into two 25 cm2 flasks. Subsequent

subcultures were performed every six days and the cells were split at a ratio

of 1:2-3. Beginning at passage 13, old medium was not used for further

subculture and the concentration of the FBS and the antibiotics in the

medium was reduced by half.

Preparation of Grass Carp Cells la Microscopy

The cellular morphology of grass carp cells was observed by light

microscopy. Covers lips (22 x 22 mm2) were placed in Petri dishes along

with 10 ml of medium 199. To each dish, 5 ml of Grass Carp Fin (GCF),

Grass Carp Snout-2 (GCS-2), or Grass Carp Swim Bladder (GCSB) cells

were added (1 x 106 cells/ml). In addition, 5 ml of each grass carp cell

suspension was added to 25 cm2 flasks. Petri dishes and flasks were

incubated for 2-4 days at 28 °C. When a monolayer of cells developed, the

cells were fixed with 5% formalin for 30 minutes, stained with 1% crystal

violet for one minute, and air dried.

Cryopreservation

The ability of GCF, GCS-2, and GCSB cells to withstand freezing was

determined in medium 199 supplemented with 10% FBS (199-10), 10%

dimethyl sulfoxide (DMSO), and 7% FBS (v/v) (Middlebrooks et al., 1981).

Briefly, cells growing logarithmically were harvested, centrifuged at 1000 x g

for 5 minutes, and resuspended at a concentration of approximately 1 x 107

cells/ml in the medium (83% 199-10, 10% DMSO, and 7% FBS). Aliquots of

each cell suspension were dispensed into 1 ml plastic vials (NUNC) and

sealed. The tubes were stored at -700C. Vials containing cells were
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180. The frozen cells were rapidly thawed at 30 °C, centrifuged at 1000 x g,

and resuspended in medium 199. The cells were transferred into 25 cm2

plastic flasks, incubated at 28 °C, and observed daily for growth.

Growth Studies

To determine the optimum growth conditions for the GCF, GCS-2, and

GCSB cell lines (passage 10), growth curve studies were performed using

two variables: temperature and concentration of FBS in the medium. For

optimal temperature determination, eighty-four, 25 cm2 flasks were seeded

with GCSB cells (5 x 105 cells/flask) and 6-well plates (Falcon) were seeded

with either GCF or GCS-2 cells (2 x 105 cells/well). Each cell line was

incubated at 16, 20, 24, 28, 32, and 36°C. On alternate days for a total of 14

days, the cells from two flasks at each temperature were trypsinized and

diluted with 1-2 ml of medium 199. From this mixture, a 0.1 ml suspension of

cells was aliquoted into a tube containing 0.9 ml of 0.005% crystal violet

solution. Stained cells from each tube were counted four times with a

hemacytometer and the mean number of cells determined.

Similarly, the effect of FBS concentration on GCSB growth was tested

in duplicate 25 cm2 flasks incubated at 280C. Cells were counted on

alternate days for 12 days. These experiments were performed at cell

passage 10.

Plating Efficiency

Plating efficiency of GCF, GCS-2, and GCSB cells (passage 35) was

determined. To duplicate 25 cm2 flasks, cells diluted in medium 199 were

added at concentrations of 100, 500, and 1000 cells/flask. Each cell line
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was incubated at 280C and on day 14, the medium was decanted from each

flask. The cells were fixed with 3 ml fixative (25% formalin, 10% ethanol, 5%

acetic acid, and 60% distilled H2O) for 10 minutes, rinsed twice with tap

water, and stained with 1c/0 crystal violet for 30 minutes. The staining

solution was decanted and the flasks washed with tap water and air dried.

Individual cell colonies were counted using a dissecting microscope.

Plating efficiency (PE) was calculated using the formula:

PE( %) = number of clones counted x 100
number of cells inoculated

Sterility Test

Sterility tests were performed for the three cell lines at passage 10 and

35. Each cell line was allowed to grow in antibiotic-free medium (199-10) for

five successive passages in order to remove residual antimicrobials prior to

sterility tests (Bowser et al., 1980; Middlebrook et al., 1981; and Trowbridge

et al., 1982).

To test for bacterial and fungal contamination, cells suspended in

medium (199-10) were inoculated into/onto the following bacteriological

media: thioglycollate broth (Difco), brain heart infusion broth (Difco), blood

agar (BBL, Microbiology System, Becton Dickinson & Co, Cockeysville, MD),

and tryptic soy agar (Difco). Bacteriological plates were incubated both

aerobically and anaerobically (5% CO2); however, broth cultures were

incubated aerobically only. All bacteriological media were incubated at

280C except blood agar plates which were also held at 370C.

The three cell lines were also examined for mycoplasmal

contamination using the DNA fluorochrome staining method (Chen et al.,
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1975). One milliliter of cells in medium 199-10 was inoculated onto

sterilized cover slips (22 x 22 mm2, VWR Scientific Inc.) placed in Petri

dishes. After seven days incubation at 2800, the cells were fixed with fresh

fixative (1 glacial acetic acid: 3 methanol) and air dried. These cells were

stained with bisbenzamide fluorochrome for 30 minutes. The coverslips

were rinsed three times with distilled water and mounted on slides. The

slides were examined using a fluorescent microscope.

Chromosome Analysis

Cell Preparation

Grass carp fin, GCS-2, and GCSB cells at passage 10 and 38 were

used to determine chromosome numbers by the method of Earley (1975).

Each cell line was trypsinized, added to duplicate 75 cm2 flasks, and

incubated at 280C. After 24 hours, the medium from each flask was

decanted and replaced with 10 ml of medium 199-10. To each flask, 0.1 ml

of 1 ug /mI colcemid was added to arrest cells in metaphase. The cells were

then incubated for an additional 13 hours at 280C.

Harvesting and Fixing Cells

The cells of each grass carp line were trypsinized, harvested into tubes,

and centrifuged at 1000 x g for 5 min. The supernatant was decanted and

the cell pellet was resuspended in 2 ml of HBSS. The cell suspension was

then placed into 75 cm2 flasks. To swell cell membranes in order to prevent

overlap of cells, 10 ml of cold distilled water was slowly added into the

flasks. After 10 min, the grass carp cells were fixed by slowly adding 10 ml

of freshly prepared fixative solution (1 glacial acetic acid: 3 methanol) to
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each flask. After 10 min, the cell suspensions were transferred to tubes and

centrifuged at 1000 x g for 10 min. Twenty milliliters of supernatant was

aspirated with a Pasteur pipette and 3 ml of fresh fixative was added to each

cell pellet. The cell pellets were gently mixed into suspension and

centrifuged at 1000 x g for 5 min. Then, approximately 4.5 ml of the

supernatant was removed and 0.5 ml of fixative added to each tube. The

cells were gently resuspended and an additional 4 ml of fixative added.

After 5 min, the tubes were centrifuged at 1000 x g for 5 min. The fixation

and centrifuging steps were repeated three times. After the last

centrifugation, 4.8 ml of supernatant was aspirated from each tube and 1-1.5

ml of fresh fixative added to each cell pellet.

Slide Preparation

Six to eight slides (25 x 75 mm, VWR) were prepared for each cell line

and sterilized by immersion in 95% ethanol followed by flaming. The slides

were then chilled in a beaker containing distilled ice water for 30 min.

Approximately 0.2 ml of each grass carp cell suspension was spread onto

the slides using a Pasteur pipette. To fix the cells, the slides were passed

through the flame of a Bunsen burner and placed onto a prewarmed slide-

tray (Precision Scientific Inc.) for 15 min to evaporate excess liquid.

Staining Cells

Stock Giemsa stain and Clark and Lubs' phosphate buffer (pH 6.75)

were prepared as described previously (Galigher and Kozloff, 1964).

Immediately prior to use, the Giemsa stock was diluted 1:25 with the buffered

water. A Cop lin jar containing 1 N HCL was heated to 600C in a water bath,
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Immediately prior to use, the Giemsa stock was diluted 1:25 with the buffered

water. A Cop lin jar containing 1 N HCL was heated to 600C in a water bath,

and the slides added to the solution. After 10 min at 600C, the HCI solution

was decanted, and the slides were rinsed twice with distilled water and air

dried. The slides were put into Cop lin jars containing Giemsa and allowed

to stain for 15 min. Next the slides with cells were flooded with distilled

water to remove stain debris, rinsed twice with distilled water, and air dried.

Permanent slides were prepared by mounting toluene-treated coverslips (22

x 50 mm2, VWR) on the stained slides with two drops of Permount (Fisher

Scientific).

Chromosome Counting

To determine the chromosome number of grass carp cells, the slides

were scanned by phase-contrast light microscopy at 1000 x. The

chromosomes for each of one-hundred cells were counted for the GCF,

GCSB, and GCS-2 cell lines.

Susceptibility of Cell Lines to Eight Fish Viruses

Virus Isolates

Eight fish viruses were used in this study: infectious hematopoietic

necrosis virus (IHNV), spring viremia of carp virus (SVCV), infectious

pancreatic necrosis virus (IPNV), channel catfish virus (CCV), chum salmon

reovirus (CSV), channel catfish reovirus (CRV), golden shiner virus (GSV),

and chinook salmon paramyxovirus (CSP). These viruses are classified into

four families (Table 2). All of the viruses were prepared in chinook salmon

embryo (CHSE-214) cells (Nims et al., 1970) except SVCV which was



Table 2. Viruses used in this study.

Virus Abbreviation Family Reference

channel catfish virus

channel catfish reovirus

chinook salmon paramyxovirus

chum salmon virus

golden shiner virus

infectious hematopoietic
necrosis virus

infectious pancreatic
necrosis virus

spring viremia of carp virus

CCV

CRV

CSP

CSV

GSV

IHNV

IPNVa

SVCV

Herpesviridae

Reoviridae

Paramyxoviridae

Reoviridae

Reoviridae

Rhabdoviridae

Birnaviridae

Rhabdoviridae

Wolf and Darlington (1971)

Amend et al. (1984)

Winton et al. (1985)

Winton et al. (1981)

Plumb et al. (1979)

Amend et al. (1969)

Wolf et al. (1960)

Fijan et al. (1971)

a Serotype VR299
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grown in epithelioma papulosum cyprini cells (EPC, Tomasec and Fijan,

1971), and channel catfish virus and CRV were propagated in channel

catfish ovary cells (CCO, Bowser and Plumb, 1980).

Fifty Percent Tissue Culture Infectious Dose Assay

Virus titers were determined by using the fifty percent tissue culture

infectious dose assay (TCID50). Serial log dilutions of the viral suspensions

were made in MEM-0. To each of five wells, 0.1 ml of each dilution was

added to a 96-well plate with a monolayer of susceptible cells. To one well

of each row, 0.1 ml of MEM-0 was added as a negative control. The plates

were incubated at 180C (CSP and IHNV), and at room temperature (IPNV,

SVCV, GSV, CSV), or at 250C (CCV, CRV, and GSV) for 7 days. The virus

endpoints were then calculated by the method of Reed and Meunch (1938)

and expressed as TCID50 /ml.

Viral Sensitivity

Grass carp fin, GCS-2, and GCSB cells were tested for their relative

efficiency of detecting of CCV, CRV, CSP, CSV, GSV, IHNV, IPNV, and

SVCV. The grass carp cell lines were prepared as monolayers in 96-well

plates 24 hours prior to the experiment. A series of ten-fold dilutions were

made of CSV, GSV, IHNV, IPNV, and SVCV in MEM-0 and 0.1 ml of each

dilution was placed into each of five wells. The plates were incubated at

ambient temperature (approximately 22 °C) and observed daily for

cytopathic effect (CPE). In addition, GCF and fathead minnow cells (FHM,

Gravell and Malsberger, 1965), infected with GSV, were incubated at 25°C.

Similarly, CCV and CRV were diluted, placed into 96-well plates, and then
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incubated at 250C. At the end of seven days, virus titers were calculated by

the method of Reed and Muench (1938).

Viral Replication

The GCF, GCS-2, and GCSB cell lines were examined to determine

their ability to replicate the following fish viruses: CCV, CRV, CSP, CSV,

GSV, IHNV, IPNV, and SVCV. The media from duplicate 25 cm2 flasks,

monolayered with each grass carp cell line, were decanted and then each

flask was inoculated with 0.1 ml of stock virus. The flasks were then placed

on a rocking platform for one hour at room temperature to enhance viral

adsorption to cells. Virus inocula were decanted and the cell sheets were

washed 5-10 times with MEM-0. Five milliliters of new medium (199-10) was

added to each flask and infected cell lines were incubated at the proper

temperatures. As positive controls, CHSE-214, CCO, EPC, and FHM cells

were tested for their ability to replicate these viruses. In addition, cells

inoculated with MEM-0 were used as negative controls. After seven days,

virus-containing medium from duplicate flasks were pooled, diluted, and

placed on CHSE-214 (CSP, CSV, GSV, IHNV, and IPNV), CCO (CCV and

CRV), or EPC (SVCV) cells in 96-well plates to titer virus using the TCID50

assay.
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RESULTS

Primary Cell Cultures

A comparison of the initial growth of twelve tissues from grass carp was

conducted. Fin, snout, swim bladder, heart, and spleen tissue were readily

cultivated; however, kidney, liver, muscle, and intestinal tissues were difficult

to grow. No growth occurred from brain and gall bladder tissue fragments.

Medium 199 and 28°C provided the best conditions for cells to grow from

excised tissue.

Microscopy

Grass carp fins and GCS-2 cells exhibited similar morphology at

passage 35 (Figure 1). Both lines were composed of a mixed population of

cells in which those with a spindle-shaped morphology predominated

(approximately 60%). However, there were some number of epitheloid cells

present (40%). This observation was not apparent at early passages

because GCS-2 and GCF cells were epitheloid with a few spindle cells.

After 20 passages, the number of spindle cells increased significantly and

became dominant by passage 35. This morphological change occurred

typically with GCS-2 cells. However, the GCSB cells consisted mostly of

fibroblast-like cells at passage 35 (Figure 1) and exhibited little

morphological change during subsequent passages. In primary culture,

GCSB cells appeared typically fibroblastic. At later passages, a few

epithelial cells appeared.

The cellular morphology and structure of GCF, GCS-2, and GCSB cells

were clearly observed in 1% crystal violet-stained preparations. Unlike
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Figure 1. Light microscopy of grass carp fin (A), grass carp snout-2 (B), and

grass carp swim bladder (C) cells stained with 1% crystal violet.

Magnification 200x.
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Figure 1
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GCSB cells, strong contact-inhibition existed among the GCF and GCS-2

cells. Polynucleoli were present in most of the grass carp cell lines (Figure

2); however, no granules were observed in cellular cytoplasm.

Cryopreservation

The viability test of GCF, GCS-2, and GCSB cells stored at -700C

demonstrated that all the cells have ability to survive at very low

temperatures. Cell monolayers were equally well formed within two days

after being frozen for 7, 30, or 180 days. No morphological change of these

cells was observed after storing the cells at -700C for half a year.

Growth Curve Studies

Incubation temperatures significantly affected multiplication of grass

carp cells in vitro. The three cell lines exhibited maximum growth rates at

320C and average doubling times of 4.7 days (GCSB), 3.8 days (GCS-2),

and 3 days (GCF) (Figures 3, 4, and 5). All three cell lines grew well at 24,

28, 32, and 360C except GCF cell which did not grow well at 360C. Grass

carp snout-2 and GCSB cells did not grow at 16 and 200C but remained

viable. Grass carp fin cells divided slowly at 2000.

The ability of two media, MEM-10 and 199-10, to support cell growth

was determined. Medium 199-10 supported better cellular growth than

MEM-10. In addition, the effect of various concentrations of FBS on GCSB

cell growth is shown in Figure 6. The swim bladder cells grew equally well

in medium 199 containing 10, 15, or 20% FBS; whereas, 5% FBS in the

culture medium failed to support cell growth.
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Figure 2. Photomicrographs of grass carp fin (A), grass carp snout-2 (B), and

grass carp swim bladder (C) cells showing polynucleolar

characteristics at passage 38. Magnification 400x.
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Plating Efficiency

The plating efficiency (PE) of GCF, GCS-2, and GCSB cells in medium

199 was tested at passage 35. Results (Table 3) indicated that the PE

values for these cell lines were less than 15% and that GCF cells always

had a higher plating efficiency than GCS-2 and GCSB cells.

Sterility Tests

Sterility tests of GCF, GCS-2, and GCSB cells at passage 10 and 35

revealed no bacterial or fungal contamination. The cells were also found to

be free from mycoplasmal contaminants. However, further testing for

mycoplasma at later passages indicated that the CGS-2 cells had become

infected.

Chromosome Analysis

Chromosome analysis of GCF, GCS-2, and GCSB cells was performed

at passage 10 and 38 (Figure 7). At passage 10, the chromosome number

of the GCF, GCS-2, and GCSB cells was observed to be diploid. One-

hundred randomly selected metaphase plates were counted for each line

using phase contrast microscopy. The three cell lines exhibited a similar

chromosome distribution. The stem line chromosome number for each cell

line was 45-48 with a peak number of 48. Eighty-one percent of GCF, 75%

of GCS-2, and 76% of GCSB chromosomes were within this stem line

number range. At passage 38, most cells examined were still diploid

(2N =48). However, a karyotic change took place in the GCSB cell line

(Figure 7). Grass carp swim bladder cells exhibited a wide variation in

chromosome number with two peaks determined (Table 4).
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Table 3. Comparison of the plating efficiency of grass carp fins, grass

carp snout-2, and grass carp swim bladder cell lines.

Cell line No cells/
25 cm2 flaska

No of
coloniesb

Plating
efficiency (%)c

GSB 1 x 102
1 x 103

5

26
5

3

GCS-2 1 x 102
1 x103

8

65
8

7

GCF 1 x 102
5 x 102
1 x103

14
70
123

14
14
12

aCells were seeded at the indicated numbers in 25 cm2 plastic
flasks in 199-10, incubated at 280C. A hemacytometer was
used to determine cell concentration.

bNumber of colonies represents the average from two experiments.

cPlating efficiency = colonies counted/cells seeded x 100.
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Figure 7. Frequency distribution of chromosomes in 100 cells from each of

three grass carp cell lines treated with colcemid at passage 10 and

38.
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Table 4. Modal chromosome numbers of grass carp fins, grass carp snout-2,
and grass carp swim bladder cell lines.

Cell line Passage
Species

Diploid No.a
Modal

Chromosome No.
Chromosome

Range

GCF 10 48 48 39-50

GCF 38 48 48 43-61

GCS-2 10 48 48 39-50

GCS-2 38 48 48 44-52

GCSB 10 48 48 40-52

GCSB 38 48 48, 57b 47-114

aDenton (1973).

bbiomodal chromosome numbers.
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The metaphase plates of GCF, GCS-2, and GCSB cells are shown in

Figure 8. Most chromosomes of the GCS-2 and GCSB cell lines were

metacentric (73% in GCS-2 and 71% in GCSB) and only a few were

submetacentric. In contrast, most chromosomes of the GCF cell line were

submetacentric (69%) and the rest were metacentric (31°/o). No acrocentric

chromosomes were observed in any of the GCF, GCS-2, and GCSB cell

lines.

Viral Sensitivity

The GCF, GCS-2, and GCSB cell lines had a similar pattern of reaction

to the eight fish viruses tested. All of the cell lines were sensitive to CSV,

GSV, IHNV, IPNV, and SVCV but not CCV, CRV, and CSP (Table 5).

Cytopathic effect in these cells was observed within 1-3 days following

infection (Figure 9, 10, 11, 12, and 13). In general, the GCF cell line was

more sensitive to CSV, GSC, IHNV, IPNV, and SVCV than the GCS-2 and

GCSB cell lines. All three grass carp cell lines produced higher titers of

GSV than either CHSE-214 and FHM cells. At one day postinfection, the

GSV titer in the GCF cell line was 100 and 5000 fold greater than the titers

obtained in the CHSE-214 and FHM cell lines, respectively. However, this

difference was not as great after one week. No significant difference in GSV

titer was observed at 20 °C and 25 °C on the GCF cell line.

Viral. Replication

Three grass carp cell lines appeared to support the replication of CSV,

GSV, IHNV, IPNV, and SVCV but not CCV, CRV, and CSP (Table 6).
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Figure 8. Phase-contrast photomicrographs of grass carp fin (A), grass carp

snout-2 (B), and grass carp swim bladder (C) chromosomes

arrested in metaphase at passage 10. Magnification 1000x.
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Table 5. Sensitivity of grass carp fin, grass carp snout-2, and grass carp
swim bladder cell lines to chum salmon virus, golden shiner virus,
infectious pancreatic necrosis virus, spring viremia of carp virus,
channel catfish virus, catfish reovirus, and chinook salmon
paramyxovirus.

Viruses

CCV

CRV

CSP

CSV

GCV

IHNV

IPNV

SVCV

Cell Lines
GCF GCS-2 GCS
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Figure 9. Photomicrographs of grass carp fin (A), grass carp snout-2 (B), and

grass carp swim bladder (C) cells infected with chum salmon virus.

Magnification 100x.



38
vir '

.1\
.

Fig ure 9



39

Figure 10. Photomicrographs of grass carp fin (A), grass carp snout-2 (B),

and grass carp swim bladder (C) cells infected with golden shiner

virus. Magnification 100x.



40

Figure 10
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Figure 11. Photomicrographs of grass carp fin (A), grass carp snout-2 (B),

and grass carp swim bladder (C) cells infected with infectious

hematopoietic necrosis virus. Magnification 100x.
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Figure 12. Photomicrographs of grass carp fin (A), grass carp snout-2 (B),

and grass carp swim bladder (C) cells infected with infectious

pancreatic necrosis virus. Magnification 100x.
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Figure 13. Photomicrographs of grass carp fin (A), grass carp snout-2 (B),

and grass carp swim bladder (C) cells infected with spring viremia

of carp virus. Magnification 100x.
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Table 6. Viral titers produced in grass carp fin, grass carp snout-2, and grass carp
swim bladder cell lines in comparison with chinook salmon embryo-214
and epithelioma papulosum cyprini cell linesa.

Virus
Cell
Line

Appearance
of CPE (days)

Logi() TCID50/m1

Inoculum 1D. 2D. 3D. 4D. 7D.

CSV GCF 2 3.5 NDb 5.2 ND 5.6 5.8
GCS-2 2 ND 3.8 ND 4.3 4.5
GCSB 2 ND 3.2 ND 4.0 3.7
CHSE-214 2 D 4.8 ND >7.5 >7.5

GSV GCF 1 5.5 6.5 ND ND 7.5 8.0
GCS-2 1 3.7 ND ND 5.7 6.3
GCSB 1 4.2 ND ND 5.0 4.8
CHSE-214 1 4.8 ND ND 6.3 7.5

FHMc 1 3.5 3.5 ND ND 5.4 ND

GCFc 1 3.5 4.5 ND ND 5.6 ND

IHNV GCF 2 4.5 ND 6.3
GCS-2 3 ND 4.8
GCSB 2 ND 6.0
CHSE-214 2 ND 6.8

IPNV GCF 3 3.8 5.4 ND 7.0
GCS-2 3 3.6 ND 5.0
GCSB 4 ND 4.8 6.5
CHSE-214 3 5.8 ND 7.3

SVCV GCF 1 5.1 ND 6.7
GCS-2 2 ND 5.5
GCSB 2 ND 4.7
EPC 1 ND 7.1

aCulture fluids were pooled and titered on CHSE-214 cells 7 days after
inoculation, and SVCV titered on EPC cells.
bND=not done.
cCells were incubated at 280C.
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Similar to virus sensitivity tests, GCF cells were most susceptible to CSV,

GSV, IHNV, IPNV, and SVCV; however, GCSB cells were the least

susceptible to these same viruses. Golden shiner virus titers, produced by

GCF cells, were higher than that produced by GCS-2, GCSB, CHSE-214,

and FHM cells. The three grass carp cell lines were not as susceptible to

CSV and IPNV as CHSE-214 cells and to SVCV as EPC cells. Although,

CSV-induced CPE appeared in GCSB and GCS-2 cells, the titer of this virus

was either equal to or less than that initially inoculated onto these cell lines.
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DISCUSSION

During the last thirty years, many fish cell lines have been developed

from a variety of teleosts (Wolf and Mann, 1980) (Table 1). Most of the basic

techniques and materials, originally developed for culturing mammalian

cells and tissues, have been successfully adapted for cultivation of fish cells

with only minor modifications (Freshney, 1983; Wolf, 1979). Among the

commercially available media, medium 199 has been a common

preparation used for mammalian cells and tissue cultures (Wolf, 1979;

Tsang et al., 1981; Centola et al., 1984). In this study, medium 199 was

demonstrated to be suitable for culturing grass carp cells and was preferable

to Eagle's MEM for primary culture. This agrees with the findings of other

investigators (Kuhn et al., 1979; Centola et al 1984; Tsang et al., 1981).

This result was anticipated because medium 199 has been widely utilized

for animal cell culture and many fish cell lines have been established in this

medium. However, Leibovitz L-15 and Eagle's MEM have been used more

recently for fish cell culture (Middlebrooks et al., 1980; Kelly et al., 1980;

Chen and Kou, 1981; Li et al., 1985). Some investigators have found that L-

15 medium efficiently maintains physiological pH under conditions of normal

atmosphere (Wolf, 1969) and the cost of MEM is less than medium 199.

Recently, medium 199 has been reported not to support the growth of some

fish cells (Chen et al., 1983). This may have reflected variation in the

nutrition requirements of different fish cell lines.

Wolf (1969 and 1979) reported that external tissues (fin, skin, and

cornea) and internal tissues (swim bladder, kidney, and heart) could be

cultured in vitro. However, the former had a higher risk of bacterial and
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fungal contamination. To minimize contamination of external fish tissues, it

is necessary to decontaminate the exterior surface of donor fish. Chlorine or

hypochlorine solutions have been widely used by some investigators as

decontamination agents (Wolf, 1979; Chen and Kou, 1981; Watanabe et al.,

1981; Fijan et al., 1983); however, these substances denature proteins and

kill living cells. Because grass carp snout and fin tissues were used for

primary culture, approximately 25 ppm iodophore solution was chosen to

reduce the number of microorganisms present on the exterior of donor fish

instead of chlorine. In this study, iodophor was found to be suitable for

reducing the number of microorganisms on the external surface of fish

without affecting the viability of the cells.

Temperature is an important factor affecting fish cell culture. Fryer

(1964) studied the effect of temperature on cultivation of salmonid tissue and

cells and demonstrated 18-230C to be suitable for growing salmonid fish

cells. Wolf (1979) suggested cultivating fish cells at temperatures slightly

above that preferred by the intact animal. For cold-water fish, this range is 4-

260C and optimal at 200C for salmon and trout. Warm-water fish tissues

are typically grown at 13-370C (optimum 250C). In this study, GCF, GCS-2,

and GCSB cells grew similarly at 24, 28, 32, and 360C and appeared to

tolerate higher temperatures. The optimum temperature range was 28-320C

for grass carp cells; however, this optimum was higher than that observed by

Wolf (1979) for other warm-water fish (250C). Because grass carp grow

extremely well between 25-300C (Huet, 1972; Shao, 1977), the optimum

temperature for grass carp cell lines observed in this study was not

unexpected. This observation has been demonstrated for other fish cell

lines (Middlebrooks et al., 1979 and 1980; Chen et al., 1983).



51

Cell cloning has been used to isolate pure cell strains and may help to

reduce the heterogeneity of cell culture (Freshney, 1983). Plating efficiency

is used to determine the ability of a cell line to produce clones. The plating

efficiency values of the three grass carp cell lines were low (4-14%) as

shown in Table 3. These results were consistent with other fish cell lines

(Fryer et al., 1981; Chen and Kou, 1981; Fijan et al., 1983). At early

passages when cells with a low density (2-50 cells/cm2) are plated, single

cells often can not form clones by themselves. However, as cell cultures are

passed, the plating efficiency of cells increases because the cells become

adapted to growth it vitro (Middlebrooks et al., 1981; Li et al., 1985). The

plating efficiency of transformed mammalian cells was reported to be 100%

(Anaronson and Todaro, 1968). Therefore, the low plating efficiency of the

three grass carp cell lines suggested these cells were not fully adapted in

vitro, conditions at passage 35.

Cell line chromosome analysis is conducted to determine the

morphology and number of chromosomes for each cell line (Gravel!, 1965).

Chromosome analysis provides the means of identifying the species and

type of cell line. The technique additionally establishes the ploidy of the cell

line (McCain, 1967). Karyological analysis of certain teleost fish cells in vitro

has been reported (Wolf and Quimby, 1962; Klote, 1969; Kelly and Loh,

1973; Fryer et al., 1981; Shima and Set low, 1985). Most established fish

cell lines, like mammalian cell lines, have been found to be heteroploid or

polyploid (Wolf and Quimby, 1969; Rio et al., 1973; Nicholson and Byrne,

1973; Wharton et al., 1977; Lannan et al., 1984). In primary culture, excised

tissue is diploid, then following subsequent subculture, chromosome

variations often occur. Chromosome deviations in individual cells usually
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occurs within 50 passages. As the cultures become further adapted, the

ploidy number is heteroploid and counts above and below the normal

diploid number are obtained.

Chromosome analysis of the GCF, GCS-2, and GCSB cell lines

indicated that cells were diploid at passage 10 and 38 (Table 4). The three

cell lines at passage 10 had similar chromosome distributions with a peak

number of 48. This observation was consistent with the results reported by

Denton (1973) who determined the diploid chromosome number of grass

carp to be 48. After ten months of successive subculturing (38 passages),

the cell.lines continued to be diploid (2N=48) except the GCSB cell line

which was bimodal (48 and 57). This change in the GCSB cell line was in

agreement with other studies of established fish cell lines. Zhang and Yang

(1981) reported that a cell line derived from grass carp snout maintained a

diploid chromosome number (48) past 300 passages. Similar observations

have been made for other fish and amphibian cell lines (Wolf, 1962; Simon,

1963; Shima and Set low, 1985; Freed, 1969; Rafferty, 1969) which have

been passed over a long period of time in vitro. McCain (1966) suggested

that cell lines maintain the diploid number because they may be

quasidiploid: the line is diploid but does not contain the normal set of

chromosomes. In addition, the three grass carp cell lines may be diploid

because they have not fully adapted to cultivation in vitro. Further

chromosome analysis of these cell lines at later passages will be necessary.

The GCF, GCS-2, and GCSB cell lines were sensitive to CSV, GSV,

IHNV, IPNV, and SVCV. However, the susceptibility to these viruses was

different from cell line to cell line probably because these viruses invade

specific organs or tissues of the host. The GCF cell line consistently
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produced higher virus titers than did GCS-2 and GCSB cells. Because

grass carp fin cells monolayered efficiently, more cells may have been

available for viral infection thus leading to increased viral titers. The three

grass carp cell lines, especially the GCF cells were more sensitive to GSV

than both the FHM and CHSE-214 cell lines. Grass carp fin cells were 100-

5000 times more sensitive and produced 10-50 times more GSV than

CHSE-214 and FHM cells one day postinfection. Therefore, the three grass

carp cell lines may be very useful for studying GSV.

Infectious hematopoietic necrosis virus replicates in the three grass

carp cell lines. This result was unexpected because the optimum

temperature for IHNV replication differs greatly from the host. Grass carp

fins, GCS-2, and GSCB cells were demonstrated not to grow at 180C;

however, these cells could be maintained at 180C for approximately two

weeks. This may provide a chance for the virus to replicate in the grass carp

cells. In contrast, the GCF, GCS-2, and GCSB cell lines did not support the

replication of CSP. This may be the result of the temperature conditions

used to culture the grass carp cells. Chinook salmon paramyxovirus

replicates at 180C which was unsuitable for the growth of grass carp cells.

However, the failure of the cells to replicate CCV and CRV at 250C was

unexpected because these two viruses replicate between 25-300C which

was optimum growth temperature for these cells. Channel catfish virus and

CRV replicated in CCO cells under similar conditions; therefore, inactive

virus preparations would not explain the lack of replication in the grass carp

cell lines. Passing CCV and CRV in these cell lines several times may adapt

the two viruses to these grass carp cells.
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The GCF, GCS-2, and GCSB cell lines have been successfully passed

50 times over a period of 12 months. These cells were highly stable,

exhibited mixed morphololgy (GCF and GCS-2), or were fibroblastic-like

(GCSB). All three cell lines were easily maintained and grew well over the

wide range of temperatures. These cells appeared not to be fully adapted to

conditions in vitro because the plating efficiency of the cells was low, the

number of chromosomes was unchanged, and the cells were dependent on

high concentrations of serum for cell division.
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SUMMARY AND CONCLUSIONS

1. Three new cell lines, designated as GCF, GCS-2, and GCSB, have

been established from fins, snout, and swim bladder tissues of grass

carp.

2. The morphology of three grass carp cell lines differs from each other.

Grass carp swim bladder cells were fibroblastic while the GCF and

GCS-2 cells exhibited a mixed shape consisting of both fibroblastic and

epithelial morphology.

3. Growth curves of GCF, GCS-2, and GCSB cell lines were conducted at

16, 20, 24, 28, 32, and 3600. The three new grass carp cell lines were

able to grow at 20-360C. Optimum growth temperature of the cells is

approximately 320C. No growth was observed by either cell line at

160C.

4. Grass carp fins, GCS-2, and GCSB cells showed more tolerance to

higher temperature. However, these cells remained viable at 1600 for

three weeks (when a culture flask with monolayered cells is placed at

160C), and maintained viability at -700C for 180 days.

5. Medium 199 was found to be suitable for initiating grass carp cells to

grow in vitro. Medium 199, supplemented with 10% of FBS was used

to maintain and subculture grass carp cells.
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6. Sterility tests of the GCF, GCS-2, and GCSB cells were carried out at

passage 10 and 35. None of these cell lines was contaminated with

either mycoplasma, bacteria, or fungi. But at pass 52 the GCS-2 cells

were infected with mycoplasma.

7. Grass carp fins, GCS-2, and GCSB cell lines exhibited diploid modal

chromosome number of 48 at passage 10. However, at their passage

38, chromosome number of GCSB cells was observed to be bimodal,

48 and 57, with a distribution range from 47 toll 4; the other two cell

lines still maintained the diploid chromosome number.

8. Grass carp fins, GCS-2, and GCSB cell lines were susceptible to CSV,

GSV, IHNV, IPNV, and SVC virus. However, none of these cell lines

was found to be sensitive to CCV, CRV, and CSP.

9. lodophor solution was able to be used to decontaminate the donor

grass carp for primary cell culture. The concentration of this solution is

approximately 25 ppm.

10. These new grass carp cell lines have been subcultured over fifty times

since August, 1986. They are easy to maintain and stable in

morphology. These new cell lines are considered to be permanent cell

lines.
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