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ABSTRACT 

Studies have been carried out to improve the methods for producing primary cell cultures from 

penaeid shrimp and to make these procedures routine and practical. Using the methods developed, 

monolayers of primary cultures of ovarian epithelioid cells from Pepaeus stylirostris and £. yappamei 

were routinely obtained with 60 to 80% confluences within a two day period. A variety of commercially 

available synthetic tissue culture media and media supplements were tested. It was found that Grace's 

Insect Medium supplemented with hybridoma quality fetal bovine serum provided the best results. 

Different culture conditions were tested and it was found that the optimum conditions for shrimp cell 

growth was a 25-28°C temperature range with a normal atmosphere. Efforts to infect these primary shrimp 

ovarian cell cultures from £. stylirostris with infectious hypodermal and hematopoietic necrosis virus 

(IHHNV) provided inconclusive results. 

------------------- --- - - --
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INTRODUCTION 

Commercial Shrimp Production 

The increased consumption of shrimp, the demand for a higher quality food product at a lower price, 

and the depletion of the oceans' shrimp populations through overfishing have sparked interest in the 

commercial culture of shrimp. Over the past 10 years, shrimp farms have steadily increased in number. 

Shrimp farming is advantageous in that it may allow for lower prices, top quality, multiple products, and 

year round consistency. As of 1989, shrimp farmers produced 26% of the shrimp placed on the world 

markets, while fishermen provided the remaining 74% of a total market of 2.2 million metric tons. 

Eventually, many fishermen will be phased out of the market because they will not be able to compete with 

the lower prices of shrimp due to the lower production costs of farm-raised shrimp. Markets are projected 

to experience moderate growth because declining prices will encourage consumption. If shrimp culture 

continues to expand at the current rate, it is estimated that farm-raised shrimp will capture 50% of the 

total market by the year 1995 (Rosenberry, 1990). 

Shrimp producing countries consumed 15% of the 1989 commercially produced crop with the United 

States, Japan, and Europe importing virtually all of the remaining 85% of available shrimp. For the fourth 

year in a row, China led the world in the production of farm-raised shrimp, accounting for approximately 

30% of the 1989 crop. Indonesia and Thailand followed with 16% each of the world crop production. 

Ecuador, the largest producer of farm-raised shrimp in the Western Hemisphere, marketed 8% of the 

world production and should increase this number in the future because of its proximity to the United 

States market, its relatively low production costs and its reputation for a high-quality product (NOAA, 

1988). 

The most popular species of shrimp used for food marketing is from the genus Penaeus, therefore 

most of the commercial shrimp farms produce different species of this shrimp. The giant tiger shrimp 

(Penaeus monodon), the Chinese white shrimp (Penaeus chinensis), the western white shrimp (Penaeus 

vannamei), and the Pacific blue shrimp (Penaeus sty/irostris) are the most common species produced with 

percentages of 33, 28,10, and 1, respectively (Asia-Wide, 1989). 

---------------------------------------- ---- --- --
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The production of marine shrimp in impoundments, ponds and tanks traces its origins to Southeast 

Asia where for centuries farmers raised incidental crops of wild shrimp in tidal fish ponds. Modern shrimp 

farming began in the late 1970's and early 1980's when fishermen and hatcherymen began supplying large 

quantities of juvenile shrimp to farmers. Currently, the shrimp farming cycle basically consists of hatchery, 

nursery, and growout phases. Shrimp farming styles are diversified but mainly fall into three general 

categories. Based on the growout phase of production and referring to the density of animals per hectare, 

shrimp farms are either extensive (low density), semi-intensive (medium density), or intensive (high 

density). Extensive shrimp farming is conducted in the tropics, in low-lying impoundments along bays and 

tidal rivers. Stocking densities are quite low along with production costs and yidds (50 to 500 kilograms, 

heads-on, per hectare per year). Semi-intensive farming introduces a nursery phase, monitored feeding, 

and the seawater supply is usually from diesel-powered pumps to carefully laid out ponds, which are usually 

located above the high tide line. Juveniles are stocked at high densities in nursery ponds until they are 

large enough to be stocked at medium densities in the growout ponds. Yields are in the medium range 

with 500 to 5,000 kilograms, heads-on, per hectare per year being produced (Rosenberry, 1990). 

Intensive shrimp farming introduces small enclosures, high stocking densities, full-time management, 

heavy feeding, waste removal and aeration. Frequently conducted in small ponds, at high stocking 

densities, intensive culture systems also encompass raceways and tanks which may be indoors or outdoors. 

Yields of 5,000 to 10,000 kilograms, heads-on, per hectare per year are commonly obtained (Rosenberry, 

1990). 

Hatcheries, which remain the weak link in the shrimp farming cycle due to feeding, management, 

disease and water quality problems, require raising young shrimp through several larval and postlarval 

stages. Two types of hatcheries, small and large, are usually found in the world of shrimp farming. Small 

hatcheries are usually operated by a family group on a small plot of land using low densities of animals 

and untreated water. Disease and w.?,ter quality problems can stop production but recovery is usually 

quick due to rapid disinfection and restart operations. Large hatcheries are multi-million-dollar, high

tech facilities that produce large quantities of seedstock in a controlled environment. High-paid tech

nicians and scientists work with high densities of animals and clean water. When these large hatcheries 

have problems with disease and water quality, recovery times are usually very long (Rosenberry, 1990). 
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Diseases of Penaeid Shrimp 

The problem of shrimp diseases, in controlled production environments, surfaces as commercial 

shrimp farms increase in number. Many penaeid shrimp diseases have been discovered in the hatchery 

and growout phases at these facilities. The problem of disease transmission is accelerated due to high 

animal stocking densities and close animal contact. A variety of penaeid shrimp diseases have been 

encountered at these facilities. The list of disease-causing agents for penaeid shrimp is significant, 

including ones caused by viruses, bacteria, fungi, protozoans, and parasites, but the major few will be 

briefly mentioned here. As reported by Lightner (1983a), the majority of bacterial infections of penaeid 

shrimp are from the Vibrio spp., usually V. alginolyticus, V. parahaemolyticus, or V. anguillarum. Recent 

revisions of the genus Vibrio and new species descriptions have added to the list of penaeid shrimp infecting 

vibrios. New on the list are V. vulnificus, V. damsela, V.fluvialis, and V. hollisae (Mohney, unpublished 

data,1989). Certain other gram-negative rods, including Pseudomonas spp., and Aero-monas spp. may 

occasionally be involved in bacterial disease syndromes in penaeid shrimp (Lightner, 1983a). The 

imperfect fungus Fusarium sp. (all isolates that have been identified are F. solani) and the phycomycetous 

fungi Lagenidium sp. and Sirolpidium sp. appear to be present in virtually all shrimp culture facilities 

throughout the world (Lightner, 1983a). 

Among the most important disease-causing agents are the penaeid viruses, as reported by Lightner 

(1985). With the advent of commercial penaeid hatcheries, the shipment of broodstock and postlarvae 

from commercial culture facilities to others in different geographic regions has often resulted in the spread 

of these agents outside their normal range in wild populations. Included in this category of the penaeid 

viruses are the baculoviruses: Baculovirus penaei (BP), P. monodon baculovirus (MBV), baculoviral 

midgut gland necrosis virus (BMN); the hepatopancreatic parvo-like virus (HPV); another probable 

parvovirus, infectious hypodermal and hematopoietic necrosis virus (IHHNV), and a reo-like virus in a 

variety of penaeid species (P. japonicus, P. monodoll, and P. vannamei) (Lightner, 1985). 

-------------------- --- - --
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Infectious Hypodermal and Hematopoietic Necrosis Disease 

An important virus disease discovered in farm-raisedPenaeus stylirostris is infectious hypodermal and 

hematopoietic necrosis (IHHN). In 1981, the disease caused by infectious hypodermal and hematopoietic 

necrosis virus (IHHNV) was recognized in Hawaii in imported post-larval shrimp populations of P. 

stylirostris and P. vanname;. IHHNV was found to be highly lethal to P. styi;rostris causing mortalities of 

up to 90% of the infected population (Lightner et oi., 1983c). Bell and Lightner (1987) reported that 

IHHNV caused a higher severity of disease in small-sized, weighing approximately 5.0 mg to 3.7 g, P. 

stylirostris. Hence, IHHN can cause catastrophic losses of juvenile shrimp in the nursery and growout 

phases of production and in turn creates an overall large monetary loss for the production facility. 

IHHN disease is different from the five other known viral diseases found in penaeid shrimp in that it 

affects different target tissues. The target organs of the five other known penaeid viral diseases are the 

hepatopancreas and the midgut. IHHNV affects principally tissues that are ectoderm ally (cuticular 

hypodermis, the nerve cord, antennal gland, foregut, hindgut mucosa) and mesoderm ally (striated muscle, 

heart, gonad, mandibular organ, hematopoietic tissues, hemocytes, and connective tissues) derived 

(Lightner et ai., 1983c). 

The genome ofIHHNV has been determined to be a single molecule of ssDNA. By its characteristics 

this virus is closely related to the Parvoviridae family, and particularly to the genus Parvovirus (Bonami et 

ai., Submitted). The virus particle-size has been determined, using transmission electron microscopy 

(TEM), to be 17 to 27 nm in tissue sections and 20 to 22 nm in purified preparations. The disease caused 

by IHHNV creates large conspicuous eosinophilic intranuclear inclusion bodies of the Cowdry type A 

(1934) variety, in hypertrophied nuclei of cells (Lightner et ai., 1983b). To date the only known methods 

for diagnosis of IHHNV infection is incorporate histopathology. 

Diagnosis of IHHN Disease 

Currently the most accurate means of detecting IHHNV in the subacute infections and the carrier 

state is a bioassay. Sensitive indicator shrimp, usually juvenile P. styiirostris weighing approximately 0.05 

to 4 g, are fed minced carcasses of suspect shrimp. Within 15 to 30 days, the indicator shrimp show signs 

----------------- --- - --



13 

of infection if IHHNV is present. During the bioassay, samples are taken, at days 0, 15, and 30, flXed and 

processed histologically. Positive identification of IHHNV infection is determined by the presence of the 

typical inclusion bodies when examined microscopically (Lightner and Redman, Submitted). 

The disadvantages of this diagnostic procedure are obvious. The procedure requires highly special

ized facilities, including tank set-up, indicator animals, and man-power. Highly trained technicians are 

needed to maintain the tank systems, animals, and to process the histological samples. Another major 

disadvantage is that a trained expert in shrimp pathology must be present to view the histologic samples 

for diagnosis of the disease. Therefore, the need for a new and rapid diagnostic tool for IHHNV is great. 

Tissue Culture 

One area of interest and worthy of investigation is the use of tissue culture as a viral diagnostic tool. 

As reported by Freshney (1983), tissue culture was flrst devised at the beginning of this century as a method 

for studying the behavior of animal cells free of systemic variations that might arise in the animal both 

during normal homeostasis and under the stress of an experiment. The model flrst chosen as a source of 

ill vitro cultivation of tissues was the frog (Harrison, 1907) because of the animal's tissue regenerative 

capabilities. Later scientists did not follow Harrison's choice of species because of the stimuli from 

medical science which carried future interest into warm-blooded animals where normal and pathological 

development are closer to human (Freshney, 1983). Since this point, numerous continuous cell lines from 

the vertebrate animals have been established. These cell lines have been utilized for diagnostic purposes 

including viral and parasitic disease diagnosis (Melnick, 1979). The time required for diagnosis, the 

amount of labor and the requirement for the presence of histopathological expertise are all reduced with 

the development of disease diagnostic systems using tissue culture. 

For many years the lower vertebrates and invertebrates had been largely ignored, but more recently 

agriculture has encouraged toxicity and virological studies in insects, and flsh farming has required new 

exploration of flsh diseases. In spite of this new interest, tissue culture of lower vertebrates and the 

invertebrates remains a very specialized area, and the bulk of interest remains in avian and mammalian 

tissue. 

--------------------- --- - --
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The deve!opment of primary cell culture systems and cell lines for disease diagnosis in invertebrate, 

animals has been limited to terrestrial invertebrates, namely the insects. Hink (1976) reported that 121 

cell lines had been established from the invertebrates with lines originating from the orders of Lepidoptera 

(moths, Vlorms, and caterpillars), 24 cell lines; Diptera (mosquitos and flies), 63 lines; Orthoptera 

(cockroaches), 14 lines; Homoptera (leafhoppers), 12 lines; Hemiptera (blood-sucking bug), 1 line; 

Acarina (ticks), 5 lines; and Gastropoda (snails), 2 ~es (Hink, 1976). 

History of Invertebrate Tissue Culture - Terrestrial Animals 

Trager's (1935) pioneering work became the basis for the development of most all invertebrate tissue 

culture. In these landmark experiments, Trager propagated the polyhedral virus of grasserie in primary 

cell cultures of the silkworm. Ovary tissues from the pupae of the moth Bombyx mori were excised, cut 

into 3 to 4 pieces each, and placed into hanging drop systems containing culture medium. Culture medium 

contained maltose, inorganic salts, and egg albumin digest (Appendix A). Egg albumin digest was 

replaced with silkworm serum in the medium used in the later experiments. The cultures were incubated 

at 27.5-2B.5°C and within a 1-2 day incubation period small numbers of wandering connective-tissue-like 

cells were observed. After a 3 day incubation period these same cells were numerous and remained healthy 

for approximately 2 weeks. Cells demonstrated mitotic figures when fixed and stained. Cells that were 

cultivated in medium containing silkworm serum had more cytoplasmic granules than those in serum-free 

media. 

The infection of these primary cultures of ovarian cells was achieved by direct excision of the ovarian 

tissues into culture medium containing !he virus of grasserie at a concentration of l:loo. Control cultures 

were obtained from the procedure described in the previous paragraph. After a 3 day ipcubation period, 

infected cells did not migrate away from the excised tissues. Polyhedra formation was exhibited within 

the cells contained in the excised tissues. Control cells for these assays migrated away from the tissues 

and behaved as previously explained. The infected tissues were fed to adult silkworms which then 

contracted the viral disease. Virus enumeration procedures revealed that the virus had replicated more 

than 1Ooo fold in the infected tissues. Infected tissues from tissue culture were also passed to healthy 

-------------------------' -- ---, 
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tissues, and out-growths of cells, with polyhedra formation, were detected in the cell out-growths after a 

2 day incubation period. The success of viral infection of primary cell cultures of the silkworm was 

attributed to the usage of immature pupal tissues which were still extensively mUltiplying (Trager, 1935). 

Improvements on the medium formulated by Trager (1935) by Wyatt (1956) resulted in greater success 

in obtaining primary cell cultures from the pupae of Bombyx mori L. The new medium formulation, based 

on the hemolymph of the silkworm, was high in potassium and magnesium, low in sodium, and abundant 

in amino acids (Appendix A). Using the same life-stage of the animal, tissue excision techniques, and 

culturing conditions as per Trager (1935), Wyatt reported increased cell numbers, improved cell ap

pearance, more rapid mitosis, and longer life of cultures in the new medium. 

Grace (1962), modifying Wyatt's medium, was one of the frrst investigators to report the establishment 

of four strains of cells from insect tissues grown in vitro. Ovarian tissues from the diapausing pupae of the 

moth Antheraea eucalypti were excised from the animal and placed directly into culture medium or 

dissociated in 0.25% trypsin solution and then placed into culture medium. Grace's medium consisted of 

a modified version of Wyatt's tissue culture medium with a greater number of amino acids, added vitamins, 

and insect plasma (Appendix A). Flasks were incubated at 27-29°C and fresh medium changes were made 

every 7-14 days. Cell attachment was observed after 48 h, cell degeneration was noted after 50 days, and 

only a few cells were still healthy after 70 days. The latter observations were noted in each of the two 

treated tissue techniques. During the following 4 months very little cell growth occurred. The cells in the 

trypsin-dissociated cultures, 10 months after the initiation of the cultures, began rapidly multiplying and 

a cell strain, with a sub-culture of 29 times, was established for 5 months. Eight months after the initiation 

of the undissociated cultures the cells began to rapidly multiply and 44 sub-cultures were successfully 

achieved. 

Five years later, using the same medium as forA. eucalypti, Grace (1966) reported the frrst established 

cell line from mosquitos. Mosquito tissues, from Aedes aegypti L., were obtained from axenically grown 

larvae about to pupate. One culture consisted of bodies and alimentary canals from 3 larvae in 1.0 ml of 

culture medium. Cultures were incubated, at 3QoC, in round-bottomed tubes which were slanted about 

20° from the horizontal. Over the next 14 days post-inoculation, migrating cells and mitotic divisions were 

----------------------~ --- - -- ---
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numerous. Four weeks after culture initiation, the rust subculture was made with subsequent subcultures. 

being made every 7 days. Cells grown in suspension were also reported. These cells had a generation 

time of 51 h at 30°C. The most common type of cell was described as spindle-shaped and it usually grew 

in clumps attached to the culture vessel. These cells grew best in medium containing 5% A. eucalypti 

hemolymph. 

Following the establishment of the four strains of cells from Antheraea eucalypti, and the mosquito 

cell line from Aedes aegypti, Grace (1967) was again successful in establishing a line of cells from yet 

another invertebrate, the silkworm Bombyx mori. The method of culturing the cells and the medium were 

the same as for A. eucalypti cells. Ovarian tissues were either torn into small pieces or dissociated with a 

0.25% trypsin solution and then cultured. One original culture, with trypsin-dissociated cells, seemed to 

transform with the cells rapidly increasing in number 9 months after culture initiation. Initially, subcultures 

were made of this "transformed" culture every 2-3 weeks for 3 months, but since that time subcultures were 

made at 6 day intervals. Spindle-shaped cells were most common and the generation time of these cells, 

measured 2 yr after the culture was initiated, was 48 h. At this time the cells were adapted to grow in the 

same medium containing 1% bovine plasma albumin and 1% heat treated hemolymph fromAlltheraea 

pemy; (Guer.). 

The evolutionary development of virus detection in primary cell cultures to detection of virus in 

continuous cell lines was best demonstrated by Chiu et al. (1966, 1967, and 1969). In 1966, primary cell 

cultures were obtained by explanting embryo tissue fragments dissected from eggs, which had been laid 

in crimson clover petioles 6 or 7 days earlier, of virus-free leafhoppers,Agallia COllstricta. Tissue fragments 

were cut into pieces, trypsinized for 15-20 min in a 0.25% trypsin solution, and cultured on a 25-mm 

coverslip in a drop of Mitsuhashi and Maramorosch culture medium (Appendix A) with added 20% fetal 

bovine serum. Ten days post-incubation well developed epithelial cell sheets surrounding the tissue 

explants were obtained and at this time point these cultures were selected for viral inoculation studies. 

The wound tumor virus (WTV) of crimson clover was obtained from adult leafhoppers which had been 

feeding on infected plant tissues. Thirty to 60 insects were homogenized in 2 ml of growth medium with 

a reduced fetal bovine serum concentration of 5%. Cultures were inoculated by replacing growth medium 

with inoculum and allowed to adsorb for 2 to 3 h at room temperature. Growth medium was added and 

----------------- -. _. - -
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cultures were incubated at room temperature with a fresh medium replacement every 2-3 days. The 

primary cultures were examined for viral infection by utilization of the direct fluorescent antibody 

technique and positive viral infection was determined by the presence of discrete brilliant yellow greenish 

spots in the cytoplasm of the cells. The control cultures did not contain yellow greenish spots indicating 

the lack of viral antigens. 

Chiu and Black (1967), improving on their own methods, then reported the establishment of nine cell 

lines from the leaibopper, A. constricta. Tissues were excised from young embryos and dissociated as 

described by Chiu et al. (1966). The major difference between the 1966 and 1%7 experiments was the use 

of a different media. The new medium, based on Schneider's salt solution at half-strength (Appendix A), 

allowed for successful sub-culturing of cells. Tissues were placed into the new culture medium in sealable 

petri dishes and incubated at room temperature. Chiu reported medium supplemented with either insect 

or lobster hemolymph for a substitution of a like amount of fetal bovine serum gave better cell growth in 

subcultures. Once the subcultured cells became adapted to the medium and growth conditions, they grew 

without the addition of insect or lobster hemolymph. Nine cell lines, comprised predominantly of 

epithelial types of cells, were established and subcultured 7-55 times at 4-8 day intervals. All cell lines 

were susceptible to WTV prepared either from infected insects or from root tumor tissue of the clover 

plant. The direct method of fluorescent antibody staining yielded virus detection in 12 h after inoculation. 

It was noted that the virus infected cells had a growtb rate comparable to the healthy cultures of cells and 

these infected cultures were subcultured 10 consecutive times. 

Improvements on tbe methods reported by Chiu and Black (1967) lead to the establishment of a 

routine viral diagnostic procedure for the detection of the plant WTV in the insect tissues of tbe virus 

vector A. constricta (Chiu and Black, 1%9). A cell line consisting predominantly of epithelial type cells 

from the leaibopper,A. constricta was used in this experiment. The cells were grown on 15-mm coverslips 

in a drop of culture medium as described in Chiu (1%7; Appendix A). Cells exhibited a generation time 

of 72 b at 2"fC. Confluent cell monolayers were inoculated with virus the day following cell passage. Virus 

preparations of WTV were obtained from root tumors on sweet clover plants. Tumors were ground to a 

paste and clarified with centrifugation. Final virus titer was determined to be 4.6 x 106 to 1.5 x 107 CIU /mI. 

Virus inoculum, diluted in growth medium with a reduced fetal bovine serum concentration (5%), was 

-------------------- --- -----
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placed on the coverslips of cells (0.02 mV coverslip). After the virus adsorption period, the cultures were 

washed with the same adsorption medium and then incubated for a predetermined period at 30°C. 

Utilizing the fluorescent cell counting technique, virus infected cells were enumerated and a linear 

relationship was obtained between the number of fluorescent cells and the relative virus concentration for 

a dilution range of 1.8 log units. 

The work of Chiu, with improvements in techniques and media formulations, demonstrated the 

evolution from the usage of a primary cell culture system for viral detection to the use of a continuous cell 

line for viral detection. Based on previous historical invertebrate tissue culture work, advancement of 

technology, and the understanding of the nutritional requirements of the species being investigated, a 

variety of cell lines from terrestrial invertebrates have been established. One of the more recent successful 

establishments of a continuous cell line from a different group of terrestrial invertebrate was the 

establishment of a cell line from an ioxidid tick (Varma et al., 1975). 

Prior to the work of Varma et ai. (1975), primary cell cultures were set up using many species of ixodid 

ticks, but none became established. However, Varma and her coworkers (1975) established three cell 

lines from the tick Rhipicephalus appendiculatus (Acari: Ioxodidae) and demonstrated the infection of 

one of these cell lines with arboviruses. Tissues were obtained from the developing adult tissues inside 

the nymph stage of the animals. Cells were cultured in Leibovitz's L-15 medium (Appendix A) supple

mented with 10% tryptose phosphate broth and 10% fetal calf serum. In 1974, the cell lines were at the 

54th, 41st, and 34th subculture level and the most numerous cells in these cultures were round or 

epithelial-type. Cells from one of the lines was successfully infected with West Nile (WN), Louping ill 

(LI), Langat (LGT) and Quaranfu (QRF) viruses. All of these viruses multiplied in the cells without 

producing any detectable cytopathic effect, which seems to be common with the tick cell lines. The 

increase in virus titer was determined using intracerebral inoculation of3 to 4 week old mice (used for LI 

and QRF viruses) expressed as LDso per mI and LGT and WN infected fluids were assayed in a stable 

line of pig kidney cells with titers expressed as number of plaque-forming units (PFU) per mi. 



19 

Following the establishment of this fIrst ixodid tick cell line, established cell lines from Boophilus 

microplus, Dennacentor parumapertus, Rhipicephalus sanguilleus, Haemophysa/is spilligera and Haema

physalis obesa were obtained from slight modifIcations of the two methods developed for R. appelldiculatus 

as described by Pudney et al. (1979). 

History of Invertebrate Tissue Culture - Aquatic Animals 

The development of primary cell culture systems and cell lines for aquatic invertebrates is in the 

exploratory phase with few successful tissue culture methods for these animals being reported. Most of 

the reported work has been limited to shellfish and octopus tissue culture. In vitro maintenance of oyster 

amoebocytes (Tripp et al., 1966) and cells from mantle explants (Perkins and Menzel, 1964), octopus white 

body cells (Necco and Martin, 1%3) and marine snail cells (Ebstein et al., 1%5) have been reported, but 

none of these cells exhibited mitosis. Only two papers reported the successful growth of aquatic 

invertebrate cells in vitro (Cecil, 1%9 and Hansen, 1976). As to date, a cell line from the freshwater snail 

Biomphalaria glabrata is the only known cell line established and available for use from an aquatic 

invertebrate (Hansen, 1976). 

The behavior and estimation of the mitotic activity of the white body cells in Octopus vulgaris were 

determined in vitro (Necco and Martin, 1%3). White body tissues were excised from the animal and 

dissociated by pipetting in a few milliliters of a physiological solution. Tissues were placed into TC 199 

(Difco) culture medium with the addition of 26.833gIL of NaCI in test tubes containing glass lamellae. 

Within a few minutes after placement in culture medium, spindle-shaped or round cells were observed to 

be attaching to the walls of the test tubes. The cells were healthy and in active multiplication for at least 

95 h. To determine the rate of cell multiplication, stathmokinetic tests were employed. Results revealed 

that the mitotic index after an initial fall, remained at a constant level. This suggested that the cells 

underwent a slowing down of proliferative activity, which is a consequence of the adjustment to the new 

environment as is found in many types of cells cultured in vitro. A second period of decrease in mitotic 

activity was noted and was explained by the fact that cells blocked in mitosis for several hours tended to 

disintegrate. The colchicine test, which blocks practically all mitoses at premetaphase, showed that in 

culture only about one cell in a thousand entered into mitosis per hour. 
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Mollusks: 

Cells from oyster (Crassostrea virgillica) mantle explants were maintained in vitro (Perkins and Menzel, 

1964). Mantle margins were cut into 1 mm2 pieces and washed 6 times in sea-water containing Penicillin 

G and Streptomycin. The tissue explants were cultured in hanging drop slides in a drop of medium using 

crab (CalliIJectes sapidus Rathbun) plasma as a substrate for attachment. Culture medium consisted of 

Yeastolate, inorganic salts (sodium chloride, potassium chloride, calcium chlor-ide, magnesium chloride, 

magnesium sulfate), sodium bicarbonate, Penicillin, Streptomycin, oyster blood, female gonad extract, 

and adductor muscle extract (Appendix A). With a fresh medium change every 3 days, the maximum 

survival of the cells in this medium was 42 days, when the cultures were incubated at 23°C and 2S'C. 

Cellular behavior was consistent throughout all cultures with amoebocytes migrating out from the tissue 

explants. These cells were identical with the lymphocytes and leucocytes found in oyster hemolymph, with 

leucocytes being the predominant cell type. It was observed that when the pseudopodia of adjacent 

amoebocytes came in contact with each other they formed monolayers. No evidence of mitosis was found 

using Delafield's haematoxylin and Feulgen's fuchsin, and it was concluded that all cells in the monolayer 

had their origin in the explants. 

Cells from isolated blastomeres of the marine snail, Ilyanassa obsoleta were maintained in tissue 

culture (Ebstein et al., 1%5). Fifteen to 25 blastomeres were combined and transferred to 2 ml of culture 

medium in a 35 mm plastic tissue culture dish. Medium consisted of 5% Eagle's basal medium (modified 

for HeLa cells), 1% horse serum, and 94% fUtered pasteurized sea-water containing a fmal concentration 

of 50 units/ml Penicillin G and 50 ug Streptomycin sulfate. Cultures were incubated at room temperature. 

After 3 days, embryos attached to the culture dish and fibroblast-like cells migrated out onto the plastic 

surface. Cells remained healthy for 8 days if medium was replenished every 3-4 days. After the cells had 

spread on the plastic substratum, both mitotic and migratory activity apparently ceased. It was reported 

that if the serum concentration was increased from 1 to 5% the frequency of attachment and numbers of 

cells emerging was increased. Increased serum concentration also promoted formation of smooth mats 

of epithelial cells around the embryo. 
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Tripp et al. (1966) maintained oyster amoebocytes in vitro utilizing ventricle tissues. Tissues were 

minced into fragments (1 mm2
) and washed for 20 min in each of3 changes of sterile balanced salt solution 

(BSS found in Appendix B) with Penicillin and Streptomycin. Ten to 15 explants were combined and held 

overnight at 20°C in a flask containing washing solution. The washing solution was replaced with culture 

medium the following day and the cultures were incubated at 20°C. Within a few minutes after culturing, 

aemoebocytes migrated from the fragments of cardiac tissue and adhered to the surface of the flask with 

a radial migration pattern. Maximal cell survival, up to 70 days, occurred when Scherer's vertebrate tissue 

culture medium (Difco) was diluted with BSS and supplemented with chicken serum at a 45:45:10. 

Medium was renewed no more often than every third week since it was found that cells survived better if 

they remained in the original medium for prolonged periods. Mitotic figures were not observed in fixed 

and stained, with either Lillie-Mayer hemalum and eosin or May-Grunwald-Giemsa, aemoebocytes. No 

evidence was obtained to prove that the media tested promoted cell division. 

Cecil (1%9) reported cell cultures derived from the surf clam Spisu/a solidissima had been grown as 

cell monolayers for extended periods. Cardiac tissue was carefully dissected out of adult surf clams and 

placed into a beaker containing running sea-water. Twenty to 30 clam hearts were pooled together for 

one culture. The pooled hearts were placed in a solution (2.6%) of NaCI in a petri dish and washed in 4 

changes of the salt solution containing Penicillin, Streptomycin, and Fungizone. The hearts were minced 

fmely and placed in a 0.25% solution of Trypsin-EDTA in 2.6% NaCI, containing the same antibiotics as 

in the washing solution. Tissues were allowed to digest for 4 h at 20°C in a trypsinizing flask with a stirring 

bar. After the digestion period the cells were fUtered 3 times through 4 layers of gauze into 50-ml centrifuge 

tubes. Cells were washed 3 times in 2.6% NaCI solution, sedimented at 800 rpm for 10 min, and counied 

with a hemacytometer. Cells were seeded at 106/ml of growth medium in T -15 glass flasks, Leighton tubes, 

or roller tubes and incubated at 24°C. Culture medium consisted of Eagle's minimum essential amino 

acids at a concentration of 2 times that used for mammalian cells, non-essential amino acids at a 

concentration of 1.8 times that used for mammalian cells, Eagle's minimum essential vitamin mix at 0.33 

times that used for mammalian ceUs, inorganic salts, sugars (glucose, trehalose, and galactose), fetal calf 

serum, whole egg fUtrate, Penicillin, Streptomycin, Fungizone, sodium bicarbonate, and phenol red 

(Appendix A) . 

.... ---_._--_._-------------
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At 16-21 days practically complete monolayers of S. so/idissima cardiac cells were obtained. All stages 

of mitosis were observed in the cell monolayers from days 11-60. Cell types were reported as either "large" 

or "small", but which cell type was involved in cellular proliferation in vitro was not known. Cell monolayers 

remained intact for periods of 4 months with weekly changes of medium. Some cells would detach from 

the glass surface while undergoing mitosis and these cells could be centrifuged and subcultivated for at 

least on additional generation. The second-generation cell passage was never shown to proliferate. Cells 

that did not detach from the glass and underwent mitosis, completed division and spread out keeping the 

monolayer intact for prolonged periods. Cellular and aggregate pulsation, cellular proliferation, and 

cellular longevity were apparently enhanced by the addition of larger amounts of essential and non-essen

tial amino acids than those used in mammalian cell cultures (Cecil, 1969). 

The only known established cell line from an aquatic invertebrate was first reported by Hansen (1976). 

Using information in reports on primary cell cultures obtained from the freshwater gastropod Biom

plJa/aria g/abrata (Basch and DiConza, 1973), Hansen obtained the first cell line for this species from his 

primary cell cultures. Hansen's procedures will be briefly described here. Embryos from the albino 

mutant of the species were removed from their egg capsules, and washed 3 times in a saline solution 

containing the antibiotics; Nemomycin, Kanamycin, Lincocin, Polymixin-B, and Gentamicin. The cell 

suspensions were made by fragmenting the embryos in a solution of trypsin-EDT A. The trypsin solution 

was replaced with by medium containing high levels of these antibiotics and allowed to stand in order to 

extract and dilute any remaining trypsin. After 30 min the fragments were collected and drained in a 

4OO-mesh sieve. The material was then further disaggregrated by pushing it through the sieve with a 

spatula. Material from 20-40 embryos was combined, supplying approximately 1 x 106 cells, suspended in 

0.3 ml of medium M-182, and incubated overnight a 2SOC in a Leighton tube. Medium M-182 consisted 

of inorganic salts, twenty-two amino acids, sugars including galactose, which has been found to be in high 

concentration in snail hemolymph, organic acids, a high number of vitamins, nucleic acid precursors, and 

Bactopeptone (Appendix A). Serum-free medium (M-256, Appendix A) was added and replenished on 

the following day, one-third of the medium being replaced. On the flfth day following culture initiation, 

medium with 13% fetal calf serum was added (M -260, Appendix A) and on day 7 this medium was replaced 

with the serum-free medium. 
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According to Hansen (1976) these cells fromB. glabrata grew luxuriantly, in monolayer form, and on 

day 9 the monolayer was trypsinized. Successful passage of cells was obtained and the new cell line was 

designated as "Bge". Using the described method, serial subcultures from April to December 1974, 

reached 52 and population doubling time was determined to be 18 h at 2"fC. In suspension culture, the 

Bge cells are clear and small with relatively large nuclei. When cells are attached, they are fibroblast-like 

or irregular in shape, with two to five protoplasmic extensions that are sometimes very long. This cell line 

is now used as an aid in the study of the host-parasite relationship of this snail to larval stages of the 

trematode Schistosoma manson; which, in the adult stage, is a parasite of man. The complete description 

of initiating and maintaining a cell line from this species may be found in The Tissue Culture Association 

Manual (1979). 

Crustaceans: 

Crustacean cell culture, especially for penaeid shrimp, is currently being investigated. No established 

cell lines and few successful primary tissue culture methods have been reported. The first really active 

long-term cell cultures from a Crustacea were first documented by Quiot et al. (1968). In these experi

ments, the authors obtained large fibroblast-like cells from embryos and ovaries of the crayfish Astacus 

pallipes. Monolayer cultures were kept in constant mitotic activity for at least 4 months with a medium 

change every five days. In that same year, Quiot et al. (1968) also reported the survival and replication of 

cultured cardiac and stomach cells of the marine crab Pachygrapsus mannoratus. Cardiac tissue produced 

fme transparent networks of cells that developed into large sheaths. The mitotic activity of these cells 

increased and decreased periodically over a time frame of four months. Fibroblast cells were obtained 

from stomach tissues and exhibited a survival time, with active mitosis, of many months. Media for both 

these reports contained two fractions, (a) an organic fraction composed of either the organic fraction of 

Medium 199 or Eagle's maintenance medium, plus 15% fetal calf serum; (b) a mineral fraction that varied 

as follows: for Astacus, the mineral solution of a balanced medium-like type 199 or Eagle's maintenance 

medium, with pH buffered to 7 with NaHC03; for Pachygrapsus, fIltered and sterilized seawater with pH 

buffered to pH 7.5. 

---------------------- - --
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The documentation of successful penaeid shrimp primary cell culture work can be attributed to one 

author with other successes being communicated informally, but not published. Chen et af. (1986) 

reported the first established primary cell culture system from the grass prawn,Penaeus mOllodoll. Tissues 

including heart, gonad, gut, nerve, muscle and hepatopancreas were removed from sub-adult animals 

(2Og). Tissues were excised, washed in a buffered salt solution containing Hank's balanced salt solution 

(50%), sterile sea water (50%), Penicillin (1,000 IU/ml) and Streptomycin (1,000 mglml), and cut into 1 

mm3 cubes. Tissue cubes were placed into (2x) Leibovitz's L-15 medium supplemented with 10% fetal 

calf serum, 30% shrimp muscle extract, 0.006 glml NaCI, and 10% lobster or grass prawn hemolymph with 

different osmolalities of 320, 590, and 720 mmo1!kg. Cultures were incubated at 31°C for 7-10 days. Gonad 

cells formed confluent monolayer cell sheets. These primary cell cultures contained predominately 

epithelioid cells and were maintained for approximately 2 months. Mitotic activity was observed in the 

primary gonad cell cultures through the second subculture. These cultures degenerated after the third 

consecutive subculture. Optimum osmolality for the culture medium, providing the highest amount of 

confluent cells, was determined to be 720 mmo1!kg and optimal temperature ranged from 25-31°C. 

Using similar methods and medium from his 1986 experiment, Chen et al. ("In press") obtained 

monolayer cell cultures from minced hematopoietic and ovarian fragments of the red-tail shrimp P. 

pellicillatus. Hematopoietic tissue cells were subcultured two times using a "scraping" technology, but then 

degenerated. Both fibroblast-like and epithelioid cells were observed in the flfSt passage, but following 

the second passage, epithelioid cells increased significantly. It was also reported that subcultures were 

not obtained from the hematopoietic cells after 0.1% trypsin treatment. The primary culture of ovary 

tissue consisted ofthree types of cells including fibroblast-like cells, epithelioid cells, and hemocytes. The 

paper did not report the survival time of ovary c~lls and did not state if the cells had been subcultured. 

The medium used for both of these tissue types consisted of (2x) Leibovitz's L-15 (70%) supplemented 

with fetal calf serum (5%), shrimp muscle extract (10%), lobster hemolymph (15%), Streptomycin (100 

,uglml) and Penicillin (100 IU/ml). The osmolality was adjusted to 720 mmo1!kg by using a sterile salt 

solution containing sodium chloride, potassium chloride, calcium chloride, magnesium sulfate, and 

magnesium chloride (Appendix B). 

------------------ --- - ~--
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Recently, Chen and Kou (1989) reported the infection of primary culture cells from the lymphoid 

organ of P. monodon by mono don-type baculovirus (MBV). Lymphoid tissues from the lymphoid 

( = OKA) organ were excised from shrimp (30g) and placed into culture medium consisting of (2x) 

Leibovitz's L-15 (80%) plus fetal calf serum (20%), Streptomycin (100 ,uglml) and Penicillin (100 IU/ml). 

Osmolality of medium was adjusted by addition of a salt solution (same salt solution as for Chen et al., "In 

press"-Appendix B). Confluent cell cultures were then inoculated with 0.1 ml of extract of MBV, from 

infected hepatopancreatic tissues, and incubated at 28°C. Subsequently, 0.1 ml of medium from inocu

lated flasks with cytopathic effect (CPE) was then diluted 1:100 in fresh 2x L-15 and inoculated into a new 

confluent cell sheet. The latter procedures were repeated six times with th~ virus being successfully 

subcultured in this manner six times. CPE of cells was observed at 2-3 days after incubation of the cultures. 

Cells which demonstrated CPE were prepared for electron microscopical observation. Electron 

micrographs of infected cells published in their paper showed rod-shaped enveloped nucleocal'sids of 

MBV associated with the outer lamella of the nuclear membrane. In these experiments, Chen 

demonstrated virus uptake by the cells, but did not demonstrate virus replication. An increase in virus 

titer was not reported and electron micrographs did not demonstrate virus replication. 

Following these frrst reports of an establishment of a primary cell culture system from penaeid shrimp 

(Chen et al., 1986 and "In press") and infection of these cultures with MBV (Chen and Kou, 1989), other 

investigators began concentrating their efforts in obtaining primary cell cultures from other penaeids to 

aid in diagnosis of diseases unique to other penaeid species. A paucity ofliterature document these efforts. 

Only three abstracts from different authors are available, currently, in the literature. Ellender et al. (1988) 

reported the successful subculturing of suspended hepatopancreatic cells from P. vannamei. Cells were 

subcultured four times during a period of 2.5 months in Leibovitz's L-15 medium containing fetal bovine 

serum (FBS) (10%) and L-glutamine (1%). Cells formed epithelial monolayers on agar surfaces and 

could be maintained for at least one month. Baculovirus penaei replication was evident in infected, primary 

cells and demonstrated by polyhedra formation within the nuclei of cultured cells. Mixed 

hepatopancreatic cell cultures were also established in several growth media supplement~d with FBS and 

------------------- -- - --



26 

mammalian cell growth factors. Best results were obtained using RPMI 1640 or DMEM (Gibco) 

supplemented with a combination of endothelial growth factor, nerve growth factor, and multiplication 

stimulating activity. Three subcultures of cells were made over a period of2 months. 

McGuire et al.'s abstract (1988) evaluated the use of cells liberated from the hepatopancreas of P. 

vannamei as a source for the development of cell lines suitable for Baculovirus penaei replication. Four 

cell types; leucocytic cells, large granulocytic ceUs, large clear cells with a granulocytic "cap" at one pole, 

and small cells with a distinct nucleus, were released from cecae by mechanical agitation. Leibovitz's L-15, 

DMEM, and F-12 supplemented with 10% FBS and 1% L-glutamine appeared to support cell main

tenance longer than other formulations tested. Cells were subcultivated four times in 2.5 months in the 

Leibovitz's L-15 medium. Epithelial cell monolayers were formed on agar surfaces and could be 

maintained for one month. BP virus replication was present in naturally infected primary cells as 

demonstrated by the formation of polyhedral inclusion bodies in the nuclei of affected cells. 

In a third abstract, Luedeman and Lightner (1989) reported that monolayers of primary cultures of 

ovarian epithelioid cells from P. stylirostris and P. vannamei with 60 to 80% confluences were routinely 

obtained within a two day period. A variety of commercially available synthetic tissue culture media and 

media supplements were tested. Supplements tested included: lobster hemolymph, shrimp muscle extract, 

fetal calf serum, hybridoma quality fetal bovine serum and shrimp growth factors. Of the media tested, 

Grace's Insect medium supplemented with hybridoma quality fetal bovine serum provided the best results. 

The optimum osmolality of this culture medium for shrimp cells was determined to be approximately 750 

mmol!kg. It was found that the optimum conditions for shrimp cell growth was a 25-28°C temperature 

range with a normal atmosphere. 

Based on the success achieved by Chen and information collected from the terrestrial invertebrate 

primary cell culture systems, it was concluded that a primary cell culture system could be established for 

P. stylirostris. Once a primary cell culture system had been achieved, this system was to be utilized as a 

tool in virological research on such virus diseases as IHHN (Bonami et 01., Submitted). 
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The destruction created by the infection of P. stylirostris populations with IHHNV is massive. 

Currently, the method used for IHHNV diagnosis requires a relatively long period of time. Therefore, 

the need for a more rapid diagnostic tool for this disease is great. Viral disease diagnosis utilizing tissue 

culture is an appropriate area of investigation. The primary objectives of this research are as follows: 

1. Establish an in vitro primary cell culture system utilizing different shrimp tissues, methods 

of explantation, media and culture conditions and make this system routine and practical. 

2. Attempt to utilize the developed shrimp primary cell culture system for viral infectivity 

studies using IHHNV. 
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MATERIALS AND METHODS 

Development of a Primary Cell Culture System for Penaeid Shrimp 

Experimental Animals: Male and female Pacific blue shrimp, P. stylirostris, and female white shrimp, 

P. vannamei (assay numbers 29 and 30, Table 1) weighing approximately 25 to 40g were used in these 

experiments. Most of the P. stylirostris were obtained from their natural environment, the Gulf of 

California, while some of these animals were obtained from intensive culture systems from Puerto Penasco, 

Sonora, Mexico and Hawaii. Penaeus vannamei were acquired from intensive culture systems in Hawaii. 

Tissue Culture Materials: Sterile disposable plastic tissue culture ware and pipettes were used in all 

experiments. Tissue culture media and supplements were purchased in prepared form from three major 

sources. Medium 199 with Hank's Salts, Leibovitz's 1x L-lS, Amphibian Culture Medium, Grace's Insect 

Medium, Schneider's Drosophila Medium, Hank's Balanced Salt solution, and fetal bovine serum were 

all purchased from Gibco Laboratories (Grand Island, NY). Hybridoma quality fetal bovine serum was 

purchased from Hyclone Laboratories (Logan, UT), and Hepes (20mM) was purchased from Sigma 

Chemical Co. (St. Louis, MO). Antibiotics, sodium bicarbonate, and heat labile media (Table 2) were 

fIlter-sterilized using sterile 0.22 p.m pore size flIters (Dynagard Syringe Tip Filter). Heat stable salt 

solutions and glassware were sterilized in an autoclave for 30 min at USOC and 15 psi. The osmolality of 

all media, solutions, and diluents throughout all experiments were increased using a sterile SM NaCI salt 

solution. Osmolality was increased to approximate as closely as possible the osmolarity of shrimp tissue. 

If required, each medium was adjusted to a pH value of 6.8-7.2 as recommended by S. N. Chen (1986). 

Experiments were conducted in a Biohazard Cabinet (BBL Cockeysville, MD) that had been surface 

sterilized for 24 h with an ultraviolet light source. 

Assay Procedures: The purpose of the experiments listed in Table 3 was to examine different methods 

of tissue explantation techniques to liberate individual cells and to evaluate the possible use of Medium 

199 for the culturing of cells from shrimp. Prior to the experiments, the live shrimp were surface sterilized 

by submerging them into freshly prepared 7% iodine disinfectant (Fritz Egg Disinfectant, Fritz Chemical 

Co., Dallas, TX) for 10 min. After the animal had been immobilized by severing the ventral nerve cord, 

immediately below the gnathothorax region with sterile scissors, tissues including gonad, hepatopancreas, 
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TABLE 1. Investigations on Shrimp Cell Monolayers using Various Medial 
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AbbrevlaUons: 

Footnotes: 

Noles: 

OV = ovaries, HP = hepato~ncreas, LO = ~p'hoid orgl!n, TS = testes, HR = heart Lelb. lx = 1x Leibovitz's L-lS, Ampb. = Amp'hibian Culture, 
Grace's = Grace's Insed, Le1&. 2x = 2x LeibOvitz's L-lS; FI = fibroblastIC cel~ EP = Epithelial cells, SME = shrim!) muscle extract, LH = lobster 
hemolymph, FBS = fetal bovine serum, E = assays used for further research, Gr = growtn factors, "." = not applicable 

1. All media had 1% of each added: Penicillin-Streptomycin (104units/ml • 10pg./ml) and Amphotericin B (1Quglml) 
2. Media and additives as per Chen et al. In p'ress.-
3. 1.0% of each was added" to culture media: GF (an extract from the mandibular organ of penaeid shrimpi.6 mglml of 0.&5% sterile saline) and an ovary 

extract from penaeid shrimp (64.0 mglmJ of 0.&5% sterile saline). GF and ovary "extracts provided by S.N. Chen from e mooodon. 
4. & ~r Kingsley (1988). 
S. Maximum percent of surface area of culture vessel covered by cell monolayer 
6. Shrinka~ or dislodgc:ment of cultured cells were recognized as dead cells. 
7. Refer tOlable 5 for definitions of explant types. 

A. ~ 1·19 and 21 were incubated at 22°C. 
B. ~ 20, 22 and 2442 were incubated at room temperature (28°q. 
C. All assays except for 20·22 had a buffering system ofboth sodIum bIcarbonate and hepes" 





30 

TABLE 2. Tissue Culture Reagents 

Reagent Source Location Diluent Concentration 

Penicillin G Sigma Chemical Co St. Louis, MO DDIH20 104 units/ml 

Streptomycin . " · 104,uglml 

Amphotericin B . " " lO,uglml 

L·Proline Grand Island Biological Co. Grand Island, NY HBSSII 2mglml 

Sodium Bicarbonate Mallinkrodt Chemical Co. NewYork,NY DDIH20 40mglml 

Magnesium Chloride (6H20) Sigma Chemical Co. St.Louis,MO · 2M 

Sodium Chloride Fisher Scientific Co. FaIr Lawn, NJ · SM 

Collagenase CLS II Worthington Biochemical Corp. Freehold, NJ Medium 199 2,000 units/ml 

2X Leibovitz's L·IS Gibco Laboratories Grand Island, NY DDIH20 29mglml 

Footnote: 1. • Hank's Balanced Salt Solution 
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Abbreviations: 

N 

OV = ovaries, HP = hepatopancreasl. TS = testes) HR = heart, EP = epidermis, LO = lymphoid organ, AC =:anterior midgut cecum, FI = fibroblas· 
tic cells, FBS = fetal boVine serum,"· = not apphcable 

); 

1. All media had 1.0% of ea .h added: Penicillin· Stre tom . n 104 units/ml • 104 p ml and Am hotericin B 10 mI. 





AbbreviaUons: 

Footnotes: 

Notes: 

ov = ovaries, HP = hepatopancreas" TS = testes, HR = heart, EP = epidermis, LO = lymphoid organ, AC =~ anterior midgut cecum, FI = fibroblas· 
tic cells, FBS = fetal boVine serum,"· = not applicable 

1. All media bad 1.0% of each added: Penicillin· Streptomycin (104 units/mi· 104 Jlg/ml) and Ampbotericin B (10 Jlg/ml). 
20 Maximum percent of surface area of culture vessel covered l;>Y cell monolayer. 
3. Sbrinka~ or dislodgc;ment of cultured cells were recognized as dead cells. 
4. Refer to-:rable 5 for definitions of explant types. . 

A. ~ 1·14 had sodium bicarbonate as buffering 5Y!'tem. 
B. ~ 15·34 had sodium bicarbonate and he~~ buffering system. 
C. All assays were incubated at a temperature of 22 C . 
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heart, lymphoid, epidermis, and epigastric cecum were removed using alcohol-flame sterilized forceps 

and scissors. Tissues were separately suspended in 2 mI each of (at room temperature) holding media 

consisting of Medium 199 containing 1 % of the following (Table 2 for concentrations, page 30): Penicillin; 

Streptomycin; Amphotericin B; sodium bicarbonate; proline; magnesium chloride; and approximately 5 

mI of sterile 5M NaCI to increase the osmolality to a range of 680 to 790 mmoI!kg. These suspensions were 

held in sterile petri dishes until further processing. 

Different tissue explantation techniques were employed in an effort to derme the optimum method 

for producing as many individual cells as possible (Tables 4 and 5). Following excision of tissues to be 

experimentally cultured, cells were prepared for culture by various combinations of the following tissue 

disruption techniques: mincing, agitating, vortexing, fIltering, and the use of the enzyme collagenase. 

All tissue and cell preparations were then placed into culture media and appropriate culture vessels 

(Table 3, page 31). Volume of culture medium was dependent upon culture vessel and was as follows: 1 

mIIwell of culture medium was used if 24-well plates were employed and 5 mI of culture medium was used 

if 25 cm2 flasks were utilized. Culture media of Medium 199 contained 10% fetal bovine serum (FBS from 

Gibco or Hyclone), and 1% of each of the following (Table 2 for concentrations, page 30): Penicillin, 

Streptomycin, Amphotericin B, proline, magnesium chloride, and a buffer of sodium bicarbonate or 

sodium bicarbonate and Hepes. The osmolality of the culture medium was increased with a sterile 5M 

NaCI solution and determined by using a Wescor 5100 C Vapor Pressure Osmometer. In assays 28 and 

29 an additional step was conducted after the tissues were placed in the culture medium. In these assays 

the lids of the culture plates were removed and each culture was exposed to an ultraviolet (UV) light 

source for 60 s. This was done to possibly create a mutant or transformed cell, and thus, to possibly obtain 

a cell line. The plates were approximately 15 cm away from the UV light. Assay 27 was the control for 

this procedure and was not exposed to the UV light. 

To create an elevated C02 environment in assays 1 through 21 (Table 3, page 31), parafllm was 

wrapped around the edges of the 24-well plates and the plates were placed into sealed zip-lock bags. 

Flasks in these assays were tightly closed and both types of culture vessels were incubated in a Univar-VWR 

--- -------------------
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TABLE 4. Tissue Explantation Technique Components 

Procedure Abbreviation Procedure Steps 

Excised E • Tissue removed with sterile forceps and scissors 

• Tissue cut into 1.0 mm3 cubes using sterile scissors. 
Minced 1 Ml 

• Centrifuged at 1,500 rpm for 10 minutes1• 

Minced 2 M2 • Tissue cut into 1.0 mm3 cubes with sterile razor blade. 

Collagenase 1 Cl • 0.5 mls of 2,000 units/ml of collagenase added directly to 
culture medium. 

Collagenase 2 C2 • 0.5 mI of 2,000 units/mi of collagenase added to 5.0 ml of 
holding medium. 

• Tissue added to 5.0 ml of Medium 199 without fetal bovine 
serum holding media in a sterile 25.0 mI Erlenmeyer flask. 

Agitate A • Suspension stirred at room temperature with sterile stir bar 
for 1-2 hours. 

• Centrifuge at 1,500 rpm for 10 minutes. 

• Tissue suspension vortexed for 30 seconds. 
Vortex V 

• Suspension centrifuged at 1,000 rpm for 4 minutes. 

• Tissue suspension pipetted through sterile Pasteur pipette 
for 30 seconds. 

Filtered F • Suspension filtered through sterile gauze into sterile 
centrifuge tube. 

• Five mI of culture medium added to tube. 

• Centrifuged at 1,500 rpm for 10 minutes. 

Footnotes: 1. Suspensions centrifuged in an lEe H·SII Centrifuge, utilizing sterile 15 ml Falcon Centrifuge tubes 
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TABLE 5. Tissue Explantation Technique Description 

Technique Number Required Procedures as Defined and Abbreviated in Table 4 

I E 

II E,Ml 

III E.M2 

IV E,M2,Cl 

V E,M2,C2,A 

VI E,V,A,F 

VII E, M2, V, A, Fl 

Footnote: 1. A hemocytometer count was conducted on this procedure because it was the 
only one in which individual cells were recovered and all tissues were removed. 
Cell concentration was 9.88xl04 cells/ml. 

------------------- ---- - - - --_. 
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Scientific Inc. Shel Lab Incubator set at 22°C. Assays 22 through 34 were incubated in the same 22°C 

incubator that had been converted over to a 5% C02 incubator by addition of a C02 control unit 

(Gow-Mac Instrument Co., model 450, Bridgewater, NJ). 

Cultures were observed daily under an Olympus CK inverted microscope and the effects were 

recorded, of the culture medium, added supplements, osmolality and incubation temperature of 22°C on 

cell survival and attachment. The number of adhered cells, in percent of surface area covered in culture 

vessel, and cell morphology were also recorded. Every three days the medium was siphoned off using a 

sterile pipette and replaced with the same volume of fresh culture medium. The supernatant, consisting 

of depleted medium, was then centrifuged for 10 min at 1,500 rpm and the pellets were resuspended in 

equal volumes of fresh growth medium as with the original culture. These suspensions were then placed 

into fresh flasks or wells and incubated at the same conditions as the parent. These new cultures were 

also observed daily for cell attachment and growth. The experiments were terminated when it was 

apparent that no cell attachment or survival had occurred and if previously attached cells had deteriorated 

(Table 3, page 31). 

After it was apparent that Medium 199 was not yielding a high number of viable cells with attachment 

capabilities, various other media were employed in an effort to fmd a media that was more compatible for 

shrimp cell survival and attachment (Table 1, page 29). In assay number 1 (Table 1, page 29), the animals 

were surface sterilized in 7% iodine disinfectant for 10 min before excision of tissue for culture. Excised 

tissues were maintained in holding media until further processed. In assays number 2 through 42, the 

animals were stunned in ice-water for 45 to 85 min and then surface sterilized in cold 7% iodine disinfectant 

(Fritz Egg Disinfectant, Fritz Chemical Co., Dallas, TX) for 10 min before tissue removal. These tissues 

were removed to a cold holding media in sterile petri dishes. Holding media consisted of Medium 199 

(with all additives as listed in Table 3 for assay number 15, page 31) except for FBS, or Leibovitz's L-15 

(Ix) with all additives except for FBS. In addition the osmolalities of the experimental media were 

increased to 700 to 780 mmol/kg. 

Two types of tissue explantation techniques were utilized in these experiments: 

• None (Control): Tissues were removed from the animal and placed into holding media. 
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• Minced 2 (M2): Tissues were cut into 1 nun3 pieces in the holding media using sterile razor 

blades and hemostats. 

After tissues were explanted they were rinsed one to three times in the fresh holding media and then 

transferred to culture vessels containing the experimental culture media (Table 1, page 29). Tissues were 

transferred using alcohol flame-sterilized forceps. The volume of culture media per vessel was as follows: 

24-well plates received 0.5 to ImVwell and slide chambers (8-chambers) received 0.4 to 0.6mVchamber. 

Cultures were incubated either in a 5% C02 incubator with a 5% C02 atmosphere or at room temperature 

in normal atmosphere. 

Cultures were observed daily using an Olympus CK inverted microscope, and the effects of culture 

media, added supplements, type of culture vessel, culture conditions (temperature and gas phase), and 

osmolality were recorded. Every three days the medium of each culture was removed, by siphoning off 

with a pipette, and replaced with fresh media (volume equal to original culture volume). 

Experiments were terminated when the attached cells deteriorated or there was no evidence of cell 

survival. Assays 21, 23, 24, 25, 29, 33, 34, 35, 36, 38, 39, 41, and 42 (Table 1, page 29), were terminated 

because they were used for other studies including viral inoculation, nxation for transmission electron 

microscopy (TEM), and hematoxylin and eosin-phloxine (H & E) staining. 

Sub-culturing of cultured cells was attempted in assay number 27. The monolayer of cells from a 

4-day old culture were mechanically scraped off using a sterile rubber policeman. The old media and cells 

were transferred into a fresh well containing fresh culture media (equal volumes of old media to fresh) on 

a 24-well plate. The plate was then re-incubated at original culture conditions. This assay was also 

observed daily for cell survival and attachment. 

----------------------------- ---- ---- - -
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Viral Infectivity Studies of IHHNV to P. Stylirostris Primary Ovarian Cell Cultures 

Once a routine primary cell culture system was established from ovary cells of P. stylirostris, the next 

step was to attempt to infect these cells with IHHNV. As with the vertebrate systems, these experiments 

were conducted in anticipation of demonstrating cytopathic effect (CPE) with the primary shrimp ovary 

cell cultures. 

Two day old ovary cell cultures maintained in Grace's Insect Medium were exposed to 0.1 mI of each 

concentration of semi-purified preparations of IHHNV ranging from 104 to 1010 virus particles/ml (Table 

6). The preparations ofIHHNV were acquired from two sources that had prepared the virus with similar 

virus isolation procedures: Dr. Robert Thurman (University of Arizona, Tucson AZ) and Dr. J.R. Bonami 

(ERPAM Laboratoire Pathologie Comparee, Universite des Sciences et Techniques, Languedoc, 

France). Enumeration of virus concentration in these preparations was achieved by particle count using 

the transmission electron microscope (TEM). Dilutions of MS-2 phage (titered at 108 pfu/mI) which 

reflected roughly 1010 particles/ml were nebulized onto grids and observed on the TEM. It was shown 

that 42 particles/field could be counted at a magnification of 36,000. Based on these observations, the titer 

of the IHHN virus was determined. Dr. Thurman's preparation was suspended in BP buffer (0.2M Tris, 

O.OlM EDTA, at pH 7.0) and had a concentration of 1010 virus particles/mI. Dr. Bonami's preparation 

was suspended in TN buffer (O.OlM Tris, O.OOlM NaCI, at pH 7.4) and had a concentration of 1015 virus 

particles/ml. Virus dilutions ofIHHNV were conducted in a diluent, either Hank's Balanced Salt solution 

or Tris, that had an increased osmolality of approximately 700 to 750 mmoVkg. 

Cells were treated as follows: 

• Old media and tissue pieces were removed by pouring into a beaker and the cell monolayer 

was rinsed two times with room temperature diluent (same diluent as virus preparations). 

The diluent had the osmolality increased to 750 mmoVkg. 

• Control wells had 0.1 ml of diluent at room temperature added and infected wells had 0.1 ml 

of each virus suspension added. Each control and virus dilution was done in duplicate. 

--------------------- ---. - - --_. 
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Table 6 Investigations of Infection of Shrimp Ovary Cells with IHHNV 

Assay # Inoculum1 Adsorption time (min) Hours Observed· PI Method of Detection 

1 107 210 
, .< 48 Inverted Microscope 

2 lOs 210 48 Inverted Microscope 

3 103 210 48 Inverted Microscope 

4 101 210 48 Inverted Microscope 

5 107 
.. 30 24 Inverted Microscope 

6 lOS 30 24 Inverted Microscope 

7 103 30 24 . Inverted Microscope 

8 101 30 24 Inverted Microscope 

9 107 30 48. H&E 

10 lOS 30 48 H&E 

11 103 30 48 H&E 

12 107 30 24 Inverted Microscope 

13 lOS 30 24 Inverted Microscope 

14 103 30 24 Inverted Microscope 

15 107 30 24 AOStain 

16 lOS 30 24 AOStain 

17 103 30 24 AOStain 

18 109 30 0 TEM 

19 109 30 8 TEM 

20 109 30 16 TEM 

21 109 30 24 TEM 

22 109 30 36 TEM 

23 109 30 48 TEM 

24 10' 30 24 AOStain 

2S 103 30 24 AOStain 

26 lOS 30 24 AOStain 

27 10' 30 0 AOStain 

28 10' 30 8 AOStain 

29 10' 30 24 AOStain 

Abbreviations: 
H & E = Hemotoxylin and Eosin, AO = acridine orange, HBSS = Hank's Balanced 
Salt Solution, TEM = transmission electron microscopy 

Notes: 
1. Assays 1·23 had IHHNV source of Dr. Thurman and diluent of HBSS 
2. Assays 24·29 had IHHNV source of Dr. Bonami and diluent ofTris 

Footnote: 
1. Each assay received 0.1 ml of virus dilution. The listed value represents the actual 

virus titer added to each assay . 

... .. __ .. _---_._---------------- - .. - _. 
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• Cultures were allowed to stand at room temperature for allotted adsorption time (Table 6, 

page 38) interspersed with mild mixing by rocking gently for 30 s at 10 min intervals. 

• After adsorption time, 0.2 ml of Grace's Insect Medium with FBS warmed to room tempera

ture was placed on each well. 

• Cultures were then re-incubated at room temperature until further processing. 

Cultures were observed, at specified time points, using an Olympus CK inverted microscope and the 

presence or absence of cytopathic effect (CPE) was recorded. After 3 to 5 days post-inoculation, cultures 

were terminated if CPE was not present, or if CPE could not be distinguished from the uninfected control 

cells, or cultures were fIXed for transmission electron microscopy, acridine orange staining, and 

hematoxylin and eosin-phloxine staining (Table 6, page 38). 

Routine procedures used for acridine orange staining of cells to detect the presence of virus were 

followed using the method by Hsiung (1982). Cells were then viewed under an Olympus Model BH-2 

epifluoresence microscope, and the presence or absence of flame red viral inclusions were recorded. 

Procedures were followed utilizing the modified Mayer's hematoxylin and eosin-phloxine staining of 

the cells (Bell and Lightner, 1988). Cells were viewed under an Olympus Vanox phase-contrast micro

scope and the presence or absence of Cowdry type A (1934) viral inclusion bodies was recorded. 

Cells were prepared for transmission electron microscopy (TEM) using Spurr's epoxy resin and 

procedures (1969). Dehydration times in increasing graded ethyl alcohol solutions were decreased to 5 

min in each solution. Sections were cut on a Sorval Porter-Blum Ultra Microtome MT-2B and placed on 

200 mesh copper grids. Grids were stained in 0.4% aqueous lead citrate for 10 min and 5% uranyl acetate 

(made in methyl alcohol) for 30 min. Samples were then viewed at 36,000 on a Hitachi 500 transmission 

electron microscope. The evidence or lack of evidence of viral infection was then recorded. 

To ensure that the techniques used for TEM were appropriate, a model system of infection of Buffalo 

green monkey (BGM) kidney cells with the Mahoney attenuated strain of poliovirus (LSc) was processed 

before shrimp ovary cell attempted infection with IHHNV. The monolayers of BGM cells were infected 

_______________________ • - 0-
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with 108 poliovirus particles/ml as followed by routine procedures (Melnick, 1979) (Figure 1). All 

procedures for TEM processing were followed as described in the previous paragraph. Samples were 

viewed on the TEM at 36,000 and viral particles, inclusions, and cell infectivity typical for poliovirus 

infection (Doane and Anderson, 1987) was observed at 8 and 16 h post-inoculation time points. 

---------------- -_.-- -



Figure 1. Ultrathin section of portion of the cytoplasm of a monke~· 
kidney cell from a culture 18 hr after inoculation with LSc (type 1) attenuated 
poliovirus. Two large virus cry~tals with a clear crystal interface are plainly 
discernible. The center·to·cent~r p:Jrticle spacing is approximately 25 m,u. 
Numerous vacuoles and well·pre::ern·J mitochondria are pr~sent.. Mal;nification 
approximately 3i,OOO. lSollrcp: H. D. ~fayor and L. E. Jordan in Virology 
16:325, 1962.) 

------------ '_." - -_. 
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RESULTS 

Development of a Primary Cell Culture System for Penaeid Shrimp 

Culture of ovarian tissues from subadult P. stylirosms in assay number 1 (Table 1, page 29) yielded 

only a 1 % confluence of fibroblast-like cells after a 5 day incubation period. Subsequent to assay number 

1, anesthetization of the intact animal by immersion in ice water before tissue excision and subsequent 

processing of the tissues at 4°C improved viable cell recovery. This improvement was demonstrated by 

the difference in the amount of recoverable cells obtained from assay numbers 1 and 2 (Table 1, page 29). 

Tissue (type and amount), explantation procedure, medium and culture conditions in assay number 2 were 

identical to ones in assay number 1, however, animals in this assay were anesthetized in ice cold water, 

tissue processing was conducted at 4°C, and the culture medium was 4°C when the excised tissues were 

immersed into it. This latter procedure yielded a significant increase of approximately 50% in attached 

fibroblast-like cells within a 5 day incubation period. This procedure was therefore, conducted in all 

following experiments. The optimum time found for cold anesthetization of the intact animal was in the 

range of 60 to 70 min, followed by surface sterilization of the animal in ice cold 7% iodine for 10 min. 

Tissue excision was made difficult and hepatopancreatic rupture was prevalent when cold anesthetization 

times exceeded the established total optimum time range. 

Surface sterilization of the animals in 7% iodine disinfectant for 10 min prior to tissue excision proved 

to be an appropriate technique because few contaminated cultures were encountered in all experiments 

conducted. Occasionally cultures would become contaminated with the fungus Fusarium, but this was 

due to the fact that the animals used in these assays were exhibiting gross signs of Fusarium infection, and 

because Fusarium conidiospores are highly resistant to most disinfectants at normal use rates (Lightner 

et al., 1979). Approximately 1 out of every 10 assays became contaminated with a motile Gram negative 

bacterial rod, but this was attributed to hepatopancreatic rupture during excision of the tissues. 

--------------------------- - -- -
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Tissue excision, mincing, collagenase, centrifugation, agitation and flltration, or a combination of the 

six techniques, were used to dissociate cells from tissues prior to culture. Results obtained in the ftrst 

series of experiments (Table 3, page 31) demonstrated that collagenase, centrifugation, agitation and 

fIltration were not effective in liberating viable cells from the excised shrimp tissues. In fact, it was found 

that the greater the amount of tissue manipulation, whether done mechanically or enzymatically, the lower 

was the numbers of cells surviving and attaching in experimental cultures. Direct tissue excision (assay 

number 30, Table 3, page 31) or a modiftcation of this technique (a slight mincing of the excised tissues 

before culture) with immediate immersion into culture medium was superior, based on the percentage of 

attached cells, to all other tissue explantation techniques tested. Therefore, this latter technique was used 

in all following experiments (assay numbers 30-34, Table 3, page 31 and all assays on Table 1, page 29). 

Smaller-sized sub adult animals, weighing approximately 25g, yielded the highest amount of cells with 

attachment capabilities. Cultures yielding 70 to 80% confluences of epithelioid cells were obtained from 

translucent appearing immature ovaries from smaller-sized animals. Matured ovaries from larger animals 

(4Og), which were usually opaque in appearance, yielded a maximum of 10% confluence of epithelioid 

cells. A disadvantage in utilizing immature ovaries was the smaller amount of tissue available from these 

smaller-sized animals in comparison to the much greater tissue amounts obtained from larger females 

with maturing ovaries. Three or four pieces of tissue of approximately 1 cm in length were obtained from 

one smaller animal as compared to six to eight pieces of similar sized tissue pieces removed from a larger 

animal. This problem was further magnifted, as demonstrated by the lower percentages of epithelioid cell 

confluences in the later experiments, when the ovarian tissue removed from each female was split between 

separate culture vessels. Each assay received approximately ftve pieces of ovarian tissue 1 mm3 in size, 

after being minced, when the tissues from one female were split between culture vessels. In contrast, when 

all tissues from one female were utilized, each culture received approximately ten pieces of 1 mm3 minced 

tissue. Splitting of the tissue from one animal permitted the use of identical cell cultures to be used in 

infectivity trials with IHHNV with one of the identical pair of cultures being exposed to IHHNV while the 

other served as an uninfected control. 

-------------- --- - - --
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The type of holding media utilized, either Medium 199 or Leibovitz's L-15, did not appear to make ~ 

significant difference in regard to the amount of cells that were recoverable. It was important that these 

media contained antibiotics and fungizone to inhibit bacterial and fungal growth. The later assays (Table 

1, page 29) demonstrated that a higher number of viable cells were recoverable if the holding media was 

maintained at a temperature of 4°C. 

The combined cell and tissue pellets obtained from centrifugation of the supernatants from old 

medium changes did not yield viable cells with attachment capabilities in any of the assays in which this 

procedure was utilized. In these cultures, suspended cellular debris and round-up cells were commonly 

observed. Cell attachment was not observed, in these same cultures, indicating that no cell survival from 

the excised and processed shrimp tissues had occurred. 

Experimental Media 

Results from assays outlined in Table 3 (page 31) demonstrated that the Medium 199 developed for 

mammalian cells was not an appropriate culture medium for growth or survival of shrimp cells ill vitro 

because cell confluences, pertaining to the maximum percent of surface area of the culture vessel covered 

by the cell monolayer, never exceeded 20%. 

1. Medium 199 witll 10% fetal boville serum (PBS-Gibeo) and all additives exeept for Hepes 

buffer (Assays 1-14, Table 3,page 31): In this first series of experiments a variety of tissue 

types, including ovary, testes, heart, and cuticular epidermis, were separately excised, 

processed (utilizing the different explantation techniques), and immersed in Medium 

199 supplemented with 10% PBS (Gibco) and 1 % of each of the following (See Table 2 

for concentrations, page 30): Penicillin; Streptomycin; proline; Amphotericin B; sodium 

bicarbonate; magnesium chloride; and sodium chloride. Ovarian tissue dominated over 

the other tissue types, providing cultures which contained observable attached cells at 

1% confluences. In these cultures (assay numbers 4, 11, 13 and 14) after a 3-5 day 

incubation period at a temperature of 22°C and at an elevated C02 level, long and 

spindle-shaped fibroblast-like cells were detected attached directly beneath suspended 

tissue explants and cell clumps. The longest period of cell survival, based on the cells' 

--------------- --- -- - -



ability to remain attached to the culture substrate, in any of these cultures, was 52 days. 

Medium was replaced as soon as the culture became acidic (yellow). Consistency of this 

fmding resulted in a scheduled medium change of approximately every 1-2 days in some 

subsequent culture runs. 

2. Medium 199 witll10% FBS (GibeD) and all additives including Hepes buffer (Assays 15-22, 

Table 3, page 31): Hepes buffer was added to Medium 199 plus all additives as described 

in the previous paragraph, to possibly rectify the problem of a rapid pH change observed 

in the medium after a 1-2 day period. Medium replenishments were then scheduled at 

3-5 day intervals because this addition of Hepes buffer allowed the medium to retain its 

salmon color indicating pH 6.8 to 7.0. Excised ovarian tissues (assay numbers 15 and 

18), subjected to different explantation techniques, and incubated at a temperature of 

22°C with an elevated C02 atmosphere, yielded fibroblast-like cell confluences of 

approximately 1 % when cultured in this medium formulation. The longest ovarian cell 

survival period in these experiments was 40 days. Cell attachment and survival were not 

observed from primary cultures prepared from the lymphoid organ. 

3. Medium 199 witll10% lIybridoma FBS (Hyclone) and all additives including Hepes buffer 

(Assays 23-34, Table 3,page 31): Hybridoma quality fetal bovine serum was used in these 

assays to possibly reduce the problem of cell toxicity due to the higher levels of endotoxin 

contamination encountered when using normal FBS (Gibco) (0.025 nglml versus 1 

nglml). Although at low levels (cell confluences of approximately 1-2% maximum), a 

greater variety of tissue types provided cells with attachment capabilities which, may be 

attributed to a combination of the use of an upgraded medium formulation and tissue 

explantation techniques I or II. Fibroblast-like cells, individually attached directly 

beneath excised tissue fragments, were observed in cultures originating from the lym

phoid organ, heart, and testes (Assay numbers 24, 32 and 33; Table 3, page 31) at 

approximately 5 days post excision at an incubation temperature of 22°C with a 5% C02 

atmosphere. Survival periods of 27, 8 and 8 days, respectively, were demonstrated by 

these cells . 

. _------------------------ --- ---
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The best results utilizing Medium 199 as a possible culture medium were obtained in 

assay number 30 (Table 3, page 31). A cell confluence of20% was observed from ovarian 

tissue within a 4 day period at an incubation temperature of 22°C in an atmosphere of 

5% C02. These cells were fibroblast-like in appearance and were located directly 

beneath suspended tissue fragments. Cultures had a survival period of9 days after which 

shrinkage of the cells and detachment from the culture surface were observed. 

4. Leibovitz's L-15 (]x) with 10% hybridoma FBS (Byc/one) and all additives (Assays 1-9, 

Table 1, page 29): Leibovitz's L-15 (lx) medium supplemented with 10% hybridoma 

FBS (Hyclone) and 1% of each of the following (See Table 2 for concentrations, page 

30): proline; Penicillin; Streptomycin; Amphotericin B; sodium bicarbonate; Hepes; 

magnesium chloride; and sodium chloride proved to be an improved medium compared 

to Medium 199 for shrimp ovarian cell survival in vitro. Ovarian tissue fragments 

cultured in this medium yielded fibroblast-like cells (Figures 2 and 3) at maximum 

confluences ranging from 30 to 60% within a 5 day incubation period. These cells 

migrated from explants and grew into partial monolayers. Cell processes exceeded the 

nuclear diameter by two to threefold. The longest period of survival in any culture was 

17 days, after which the cells detached from the surface of the plastic culture vessel. 

5.Amphibiall culture medium with 10% hybridoma FBS (Byc/one) and all additives (Assays 

10-12, Table 1, page 29): This medium (Table 1, page 29) was not an adequate culture 

medium to maintain shrimp cells in vitro. Explanted tissues, including heart and ovary 

demonstrated a slight amount of cell migration, but the amount of this migration never 

increased beyond a 1% total cell confluence. These cells were fibroblast-like and 

------ ------- -----
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Figures 2 and 3. Photomicrographs of four day old fibroblast-like cells from ovarian tissue of Penaeus 
,fly/irostris. Tissue fragments were cultured in Leibovitz's L-15 (lx) medium supplemented with 10% 
hybridoma quality FBS. Bar lengths equal 100 pm. 

------ -~~~-- - --



and survived for up to 8 days. At that time, the cells rounded up and detached from the 

plastic culture vessel surface. No attachment of cells from the hepatopancreas was 

observed. 

6. Schneider's Drosophila medium with 10% hybridoma FBS (Byclolle) alld all additives 

(Assays 16-18, Table 1, page 29): Schneider's Drosophila medium also proved to be an 

inadequate culture medium to maintain shrimp cells in vitro. A 1% confluence of 

fibroblast-like cells was obtained from the testes tissue fragments of one animal when 

incubated at a temperature of 22°C with a 5% C02 atmosphere. These cells exhibited 

a survival period of 8 days. Cells with attachment capabilities were not observed in 

cultures prepared from heart and hepatopancreatic tissues. 

7. Leibovitz's L-15 (2x) medium with 10% hybridoma FBS (Byclolle), 10% shrimp muscle 

extract, alld 15% lobster hemolymph (medium /omlUlation as per Chen et 01., 1986) 

(Assays 20-22, Table 1, page 29). Excised ovarian tissue fragments yielded attached cells, 

including fibroblast-like cells and epithelioid cells, at a maximum cell confluence of 60% 

within a 2 day incubation period in this medium formulation. These cells were observed 

directly beneath tissues, when suspended in medium, and migrating from tissue frag

ments when the pieces were touching the surface of the culture vessel. Cultures 

contained a higher ratio of fibroblast -like cells to epithelioid cells (Figures 4 and 5). Cell 

survival was not determined. Cultures were terminated after 3 days incubation so that 

they could be used in TEM morphological studies. 

8. Grace's Insect Medium (Assay numbers 13-15,19,23-42; Table 1,page 29). Grace's Insect 

medium with added supplements listed in Table 1 (page 29) was found to be most suitable 

for ill vitro culture of shrimp tissues. Successful primary cell cultures were routinely 

established utilizing excised ovarian tissue fragments. Partial monolayers, reaching 80% 

confluence, were obtained within a two day period when incubated at room temperature 

------------------------- ---- ---
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Figures 4 and 5. Photomicrographs of two day old primary cell cultures from ovarian tissue of Penaeus 
stylirostris in Leibovitz's L-15 (2x) medium supplemented with 10% hybridoma quality FBS, 10% shrimp 
muscle extract, and 15% lobster hemolymph. Cultures contained both fibroblast-like and epithelioid cells. 
Bar lengths equal 100 pm. 



(28°C) and in ambient atmosphere. Although occasional fibroblast-like cells were 

observed in some cultures, the majority of cultures consisted predominately of 

epithelioid cells (Figures 6 and 7). Epithelioid cells were located directly beneath the 

peripheral edges of medium suspended excised ovarian tissue fragments. Apparently, 

cells had dissociated from the tissue, attached to the surface of the culture vessel, 

achieved cell-to-cell contact, and formed partial monolayers. Cells migrated away from 

the edges of tissue fragments on the surface of the culture vessel. The longest period of 

survival in any culture was 10 days. When excised ovarian tissue fragments were 

transferred to fresh medium in a new culture vessel 5 days post-incubation, they 

continued to produce viable epithelioid cells with attachment capabilities at ap

proximately 20% confluences. Cell survival in these cultures was five to eight days. Cells 

were recorded as having "deteriorated" when cells exhibited shrinkage and detachment 

from the culture flask. 

Fibroblast-like cells with 1 % confluence were observed in a culture of heart tissue within 

a 3 day incubation period. Explanted tissue showed some cell migration and contraction 

of pieces of heart tissues. Cells and tissue contractions survived for 8 days. No cell 

attachment was observed in assays utilizing the hepatopancreas. 

Osmolality 

50 

Once an appropriate medium had been determined for the maintenance of shrimp cell in vitro (Refer 

to Medium section), osmolality studies were conducted utilizing values which remained within the 

recommended range of 680-800 mmoVkg (Chen et 01., 1986). Medium osmolalities of 750-760 mmoVkg 

were optimum for ovarian cells based on increased cell confluence percentages (60%) (assay number 8, 

Table 1, page 29). Therefore, all media and solutions, which were to make direct contact with cells, had 

their osmolality increased to this value. 

----------- --- -. --
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Figures 6 and 7. Photomicrographs of two day old epithelioid cells from ovarian tissue of Penaeus 
styl;rostris in Grace's Insect medium supplemented with 10% hybridoma quality FBS in Falcon Primaria 
24-weU plates. Bar lengths equal 100 pm. 

------_._.--- -- --
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Culture Vessels 

Tissue culture vessels tested; including Falcon Primaria 24-well plates, Permanox 8-chambered plastic 

slides, Aclar plastic disks, and Nunclon 96-well plates apparently had the correct surface to permit cell 

attachment and survival. Cells cultured on these substrates were frrmly attached and difficult to dislodge 

in contrast to cells cultured on a glass surface (glass slides) (Figure 8), which readily detached from the 

substrate upon movement of the culture vessel. Excised tissues, primarily ovary, cultured in Leibovitz's 

L-15 medium on Falcon Prim aria 24-well plates yielded fibroblast-like cells with maximum confluence of 

20-60% (assay numbers 2, 4,5,6, and 8; Table 1, page 29). Ovarian epithelioid cells cultured in Grace's 

Insect medium on Falcon Primaria 24-well plates (assay numbers 24-27,29,30,35; Table 1, page 29), 

Permanox 8-chambered plastic slides (assay numbers 31,33,34,36,41 and 42; Table 1, page 29) (Figure 

9), Aclar plastic disks (assay number 39, Table 1, page 29) and Nunclon 96-well plates (assay number 40, 

Table 1, page 29), yielded maximum cell confluences of 15-80%. 

Exposure to UV Light 

Exposure to UV light, conducted in assays 28 and 29 (Table 3, page 31), did not yield transformed 

cells. This exposure seemed to be detrimental to the tissues as cell survival and attachment was not 

observed in these trials. Spherical-shaped cells were observed in suspension in the medium and the color 

of the tissue changed from an opaque to a dark black, indicative of cell and tissue destruction. 

Subsequent Tests Using Grace's Insect Medium 

Temperature and Gaseous Environment 

Ovarian cell growth and fragment attachment were most pronounced at 28°C under normal atmos

pheric conditions (assay numbers 24-27,29-36,38-42; Table 1, page 29). At this temperature and gaseous 

environment, maximum cell confluences (10-70%) were obtained within 2 days. In contrast, although 

similar percentages of cell confluences were obtained, cultures incubated at 22°C with 95% atmosphere 

and 5% C02 (assay numbers 13-15, 19, and 23; Table 1, page 29) required an incubation period of 5-6 

days before reaching maximum percentages of cell confluence. The lower temperature (22°C) decreased 

cell metabolism, therefore most probably decreasing the rate of cell attachment. 
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Figure 8. Photomicrograph of epithelioid ceUs from ovarian tissue of Penaeus sty/irostris cultured on a 
glass slide in Grace's Insect medium supplemented with 10% hybridoma quality FBS. Culture is two days 
old. Bar length equals 100 /.lm. 
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Figure 9. Photomicrograph of epithelioid cells from ovarian tissue of Penaeus styiirostris cultured on 
Permanox plastic slide chambers in Grace's Insect medium supplemented with 10% hybridoma quality 
FBS. Culture is two days old. Bar length equals 100 14m. 
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Growth Factors 

The growth factor and ovary extract from P. monodon obtained from S. N. Chen (Personal com

munication; Department of Zoology, National Taiwan University, Taipei, Taiwan; October 1988) added 

to Grace's Insect medium with all supplements did not appreciably increase the number of individual cells 

attached to the culture vessel surface. A maximum confluence of 60% of epithelioid cells was obtained 

within a 2 day incubation period from excised ovarian tissue fragments (assay number 37, Table 1, page 

29) when incubated at room temperature (28°C) and ambient atmosphere (Figure 10). These cultured 

cells exhibited a survival period of 10-12 days. It was important to note that these cultures became 

contaminated with bacteria and fungi more frequently than did those with Grace's Insect medium without 

the added shrimp-derived growth factors. 

Alternate Species 

Penaeus vannamei was used in assays 29 and 30 (Table 1, page 29). Established procedures of cold 

anesthetization of the animals and cold processing of the tissues were followed as previously described in 

the "Tissue Explantation Techniques" section. Epithelioid cells with a maximum confluence of 40% in 

each assay was observed within a 2 day incubation period (Figure 11). These cells looked similar to the 

epithelioid cells obtained from P. styi;rostris. Cells were fIxed in 1% buffered glutaraldehyde and stored 

at 4°C for electron microscopy. 

Sub-Culturing 

Attempts at sub-culturing of shrimp ovarian cells, utilizing 4 day old cultures with cell confluences of 

approximately 50-70%, were not successful. Mechanical scraping of the cells to release them from the 

culture surface resulted in cell damage with no recovery. In assay number 27 (Table 1, page 29), cell 

survival and attachment was not observed 5 days post sub-culturing. Rounded cells were observed in the 

medium but cells attached to the culture flasks were not present. Hematoxylin and eosin-phloxine (H & 

E) staining of the parent cultures revealed few mitotic fIgures, approximately 2 mitotic cells per fIeld, 

which indicated that the cells were surviving in Grace's Insect medium but not replicating ill vitro. 

-------------- --- - - - -



Figure 10. Photomicrograph of two day old epithelioid cells from ovarian tissues of Penaeus sty/irostris 
cultured in Grace's Insect medium supplemented with hybridoma quality FBS (10%), growth factor (1 %), 
and ovary extract (1%). Bar length equals 100 pm. 
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Figure 11. Photomicrograph of one day old epithelioid cells from ovarian tissue of Penaeus vanname; 
cultured in Grace's Insect medium supplemented with 10% hybridoma quality FBS. Bar length equals 
100llm. 
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IHHNV Exposure to Shrimp Ovary Cells 

After the establishment of a primary cell culture system, ovarian cells from penaeid shrimp were 

exposed to IHHNV. Ovarian epithelioid cells were exposed to different concentrations of semi-purified 

preparations of IHHNV, as listed in Table 6 (page 38). It was determined that the osmolality of all 

solutions had to be increased to approximately 750 mmo1!kg or the cells would deteriorate during virus 

adsorption as indicated by the controls. Control cells, exposed to diluents with low osmolalities (ap

proximately 350 mmol/kg), developed large cytoplasmic vacuoles with some cells immediately detaching 

from the culture surface. No typical r.:ytopathic effect (CPE) was observed in cultures of shrimp ovary 

epithelioid cells (Table 6, page 38). In some of the assays 1-8 (Table 6, page 38), the controls did not differ 

from IHHNV exposed cells in the degree and rate of deterioration and detachment from the culture vessel 

surfaces. 

Detection of IHHNV Using H & E Staining 

Ovarian cell primary cultures were exposed to different concentrations of IHHNV in assays 9-11 

(Table 6, page 38). At 48 h post-inoculation the cells were fIxed and stained with hematoxylin and 

eosin-phloxine (H & E). The cells were observed for cytopathological characteristics exhibited by cells in 

intact IHHNV infected animals. Eosinophilic intranuclear inclusion bodies, indicative of the IHHNV 

infection, were not observed in the IHHNV exposed cells sampled 48 h post-inoculation. Controls for 

these assays also did not show the presence of intranuclear inclusion bodies. 

Acridine Orange Staining of Ovarian Epithelioid Cells Exposed to IHHNV 

In assays 15-17, and 24-29 (Table 6, page 38) cells were infected with different concentrations of 

IHHNV. In assays 15-17, IHHNV concentrations of 107, 1ef, and 103 virus particles/ml were placed on 

the cells and the cells were fIXed and stained with acridine orange at 24 h post-inoculation. Cells were 

observed using an epifluoresence microscope and flame red inclusion bodies, which signify either 

single-stranded RNA or DNA virus particles, were not observed in the IHHNV exposed cells' cytoplasm 

or nuclei. In assays 24-29, concentrations ofIHHNVwere 107, 1ef, and 103 virus partic1es/ml and the cells 
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were fixed and stained with acridine orange at 0,8, and 24 h post-inoculation time points. The presence 

of flame red inclusion bodies was not detected in the cells' cytoplasm or nuclei, when observed at these 

specified time points. 

The Use of Transmission Electron Microscopy (TEM) for Virus Detection: 

1. BGM Infectioll with Poliovirus Model. A model system of infection of Buffalo green 

monkey kidney (BGM) cells with the Mahoney strain of polio virus was processed to 

ensure that the preparation of the shrimp cultured cells for TEM was appropriate. Cells 

sampled at the post-inoculation times of 8 and 16 h and examined by TEM exhibited 

virus infection. Virus particles in the cytoplasm, enlarged cisternae of the endoplasmic 

reticulum, and cytoplasmic viral inclusions typical of poliovirus infection, were observed 

in the infected cells but were not present in the control cells (Figure 12). The success 

achieved in this model system proved that handling techniques of cell monolayers as per 

Spurr's (1969) procedures for TEM preparation of specimens, would be appropriate for 

detection of virus in shrimp cell monolayers. 

2.IHHNV exposure to shrimp cell mOllo/ayers. Partially confluent monolayers (50 to 70%) 

consisting of ovarian epithelial cells from shrimp were exposed to 109 virus particles/ml 

IHHNV. At the time points of 0, 8, 16, 24, 36, and 48 h post -inoculation both the control 

and virus exposed cell cultures were sampled, fixed, and processed for TEM (Assays 

18-23 Table 6, page 38). Samples were viewed at 36,000 on the TEM. No definite signs 

of virus infection were observed. Observations of occasional particles of similar size and 

morphology to IHHNV were made in the 36 h post-inoculation samples. Thes,e were in 

the cytoplasm but whether these particles were IHHNV or normal components of the 

host cells (i.e. polyribosomes) could not be determined. 
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Figure 12. Poliovirus infection of monkey kidney ceU. 12a) TEM of an ultrathin section of a portion of 
the cytoplasm of a BGM ceU from a culture 8 h after inoculation with LSc (Type 1) attenuated poliovirus. 
Virus particle inclusion body is visible in cytoplasm. X 22,500. Bar length equals 0.44 pm. 12b) A higher 
magnification of a BGM ceU infected with poliovirus. X 63,000. Bar length equals 0.15 pm. 
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DISCUSSION 

Tissue Culture 

A significant fmding in this research was that cold treatment of the intact animal and excised tissue 

before culturing appeared to provide for the recovery of a greater number of viable cells with attachment 

capabilities. This is not surprising when one considers how rapidly significant post-mortem changes 

shrimp experience within as little as 2 h of death. Lightner (1973) studied the histological changes in 

tissues of Pellaeus aztecus Ives at differe,nt time points following death. Tissue autolysis was determined 

to be temperature-dependent. Cold processing decreased the rate of tissue autolysis, assumably increas

ing the number of recoverable cells. 

Interestingly, cells were still recoverable (at approximately 20% confluences) from primary tissue 

explants when these explants were transferred to fresh culture medium and a new culture vessel, after 

approximately 5 days in culture, which may indicate that normal shrimp tissue autolysis, i.e. enzymes 

contained within the tissues, may serve as a natural means of cell dissociation from the tissues, themselves. 

Most techniques utilized, except for tissue mincing, to liberate individual cells from shrimp tissues 

failed. Unsuccessful collagenase treatments of P. stylirostris cells in these experiments confirmed the 

fmdings of Rosenthal and Diamant (1990) who reported primary cell cultures of P. semisulcatus were not 

established when the hemopoietic, ovarian, and hepatopancreatic tissues were treated with trypsin 

(0.25%) and collagenase (0.15%) solutions for dissociation purposes, but were obtained when the tissues 

were treated mechanically. In a similar case, Chen et al. ("In press") reported that hematopoietic cells of 

the red tail shrimp, P. pellicillatus, did not subculture when 0.1% trypsin was used to dislodge the cells 

from the substrate. Chen did fmd that the cultures would subcultivate when the cells were mechanically 

dislodged. The general informal consensus (Personal communications with J.G. Atherton, Department 

of Microbiology, University of Queensland, Brisbane, Australia, August 1987, and S.N. Chen, Department 

of Zoology, National Taiwan University, Taipei, Taiwan, July 1988) also confirmed that shrimp cells are 

very sensitive to enzymes and do not survive these treatments. 

--------------- ----- - ---
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The successful establishment of P. stylirostris cell cultures resulted from the use of immature ovarian. 

tissues as primary explants. Shortly after the fIrst successful experiments, it was found that culture 

initiation occurred more readily using developing ovarian tissues from subadult female animals. There

fore, success achieved with the culture of ovarian tissues in vitro was based on immaturity. Cells contained 

within these immature ovaries were considered to be mUltiplying at rates much greater than cells found 

within fully developed ovaries. Likewise, other tissues (heart, hepatopancreas, testes, epidermis and 

lymphoid) from immature animals provided better results than those from more fully developed animals. 

Conclusions in this research, basing success partially on tissue immaturity, are in agreement with Trager's 

(1935) conclusion in which the successful in vitro culture of silkworm ovarian tissues was also attributed 

to immaturity of tissues. The relative merits of using immature ovarian tissues to establish cell lines from 

other invertebrate animals have also been discussed by authors, including; Hink, 1970, Heliothis zea; 

Kitamura, 1970, Culex mo/estus; Hsu, 1970, Culex quinque/asciatus; and Hsu, 1972, Culex tritaeniorhynchus 

summorOSllS Dyar. 

Primary cell cultures utilizing immature ovarian tissues from a different species of penaeid, P. 

vannamei, were also established. Ovarian epithelioid cells from P. vannamei resembled the epithelioid 

cells obtained from P. stylirostris, indicating that tissue structure is similar between these two species. 

Obtaining similar cell types from these two species also indicated that Grace's Insect medium (Refer to 

"Media Tested" section) selected for the attachment and survival of this specifIc type of cell. 

Due to the concern of a possible latent viral infection of the ovarian shrimp tissues upon excision, 

tissues from a single female were split between culture vessels. Therefore, one culture served as the control 

while the other was exposed to IHHNV. 

The origin of the cells, which migrate from the shrimp ovarian tissue explants, is nearly impossible to 

determine without more detailed studies being conducted. But, with the incorporation of data from this 

research and data on studies conducted on ovarian tissue construction of the marine shrimp P. seti/ems 

(King, 1948), a logical assumption can be made that cells migrated or originated from pavement epithelium 

in the thin outermost layer of the ovarian wall. This was based on the fact that epithelioid cells always, 

when cultures were undisturbed, completely outlined the pieces of shrimp ovarian tissue explants. 

-.---.--_._ .. _-----_._----------
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Media Tested 

The following section is divided into two parts: successful media, based on ability to provide high 

percentages of viable cells with attachment capabilities, and unsuitable media, based on the media's 

inability to provide high percentages of cells with attachment capabilities. 

Two commercially available synthetic media, Grace's Insect medium and Leibovitz's L-15 medium, 

with added supplements proved successful in providing viable cells with attachment capabilities. These 

two media formulations, of the total five media tested (Grace's Insect medium, Leibovitz's L-15, Medium 

199, Amphibian Culture, and Schneider's Drosophila), more closely resembled the tissue fluid composi

tion of penaeid shrimp and provided, based on the little information available on marine invertebrate 

metabolism, the nutritional requirements needed by the ill vitro shrimp cells. Of these two media, Grace's 

Insect medium, yielding epithelioid cells with healthy appearances, was superior to Leibovitz's L-15 

medium. 

This author'S modified version of Grace's Insect medium, e.g. with added components, provided a 

medium which encompassed most of the requirements that are presumably needed by shrimp cells, based 

on the animal's natural saltwater environment. Inorganic salts contained in the original formulation of 

Grace's Insect medium included salts at concentrations approximately ten times greater than those found 

in less successful media. These salts and concentrations corresponded to major salts contained within 

seawater, with the principal salt, sodium chloride (NaCI) making up 86 percent of the total of all salts 

contained in each liter of water (Hammen, 1980). Although the original formulation of Grace's Insect 

medium lacked this salt, the modified version of the medium contained an approximate concentration of 

1.5% NaCI and with this addition, the medium then contained all the major cations and anions found in 

seawater. Understanding that the tissues of some marine invertebrates, including Crustacea, are bathed 

by hemolymph, which has nearly the same osmotic concentration and nearly the same salt composition as 

the waters surrounding the organism (:Iammen, 1980), made it clear that the modified Grace's Insect 

medium sufficiently met assumed cell salt requirements. 
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Intermediates and enzymes of the citric acid cycle, originally proposed by Hans A. Krebs in 1937,. 

have been demonstrated in many species of marine invertebrates (Thabrewet 01., 1971). Assuming this 

as true for Crustacea, e.g. penaeid shrimp, Grace's Insect medium supplied cells with the organic acids; 

alpha-ketoglutaric, fumaric, malic, and succinic, all of which are intermediates in the TCA cycle and 

available as energy sources for cell metabolism. 

Grace's Insect medium provided a greater variety of carbohydrate sources, including the sugars 

fructose, glucose, and sucrose. Although the favored carbohydrate source for shrimp cells has not been 

determined, evidence may indirectly suggest that glucose is the most necessary form. Mill (1972) stated 

that in some decapod crustaceans carbohydrates are normally transferred to where they are needed as 

energy as the disaccharide maltose, which is composed of two glucose units joined by an alpha-linkage. 

Knowing that glucose is the principal sugar in blood of most animal species, serving the tissues as a major 

metabolic fuel, and combining this with Mill's (1972) fmdings, one may assume that providing shrimp cells 

with glucose may explain why these cells survived and appeared healthier in Grace's Insect medium. 

Grace's Insect medium was the only medium tested that contained allIS amino acids determined to 

be essential for insect cell growth. Approximately 20 years after Grace (1962) developed his medium 

formulation for culture of insect cells in vitro, Mitsuhashi (1982), using amino acid eliminating experiments, 

determined the essential amino acids for growth of most insect cell lines to be arginine, cystine, glutamine, 

histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, 

tyrosine, and valine. Based on evolutionary similarities between insects and crustaceans, both being 

arthropods and requiring molts for growth, an intuitive suggestion may be that cells from crustaceans may 

also require these 15 essential amino acids for growth in vitro. 

Most all amino acid concentrations, contained in Grace's Insect medium were approximately ten times 

greater than the identical counterparts found in the unsuccessful media formulations. As demonstrated 

by Wyatt (1956) cultured insect cells preferred, as demonstrated by the fIrst report of mUltiplication of 

insect cells in vitro, a medium that contained amino acid concentrations which were approximately six 

.. --------------------------- -'- - .. 
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times higher than was found in media which had been developed for vertebrate cell culture. An intuitive 

assumption, again based on similarities between insects and shrimp, is that shrimp cells cultured ill vitro 

may also require higher concentrations of amino acids. 

The majority of the amino acids contained in Grace's Insect medium, in contrast to those in the other 

tested media, were of the L-stereoisomer form. Many species of mollusks, which may also be true for 

Crustacea, have an L-amino acid oxidase activity on arginine, ornithine, lysine, and histidine, which assists 

in amino acid oxidation (F1orkin and Gregoire, 1972). Members of the phylum Arthropoda have been 

shown to contain an enzyme specific for, although not an amino acid, L-Iactate (Long, 1976), which may 

also suggest that other enzymes, such as transaminases or deaminases which allow all or part of amino 

acid carbon skeletons to enter the TCA cycle, contained within shrimp tissues are specific for the L-forms 

of certain amino acids. If this is true, shrimp cells in the Grace's Insect medium are able to utilize these 

amino acids as energy sources. 

All media tested, except for Schneider's Drosophila medium, contained vitamins. Vitamin forms and 

concentrations varied between media, but one important vitamin, biotin, was found lacking in all media 

except for Medium 199 and Grace's Insect medium. Biotin functions as a component of specific 

multisubunit enzymes that catalyze carboxylation reactions. Since similarities do exist in energy produc

tion between the vertebrates and invertebrates, e.g. both exhibiting evidence of TCA cycles, biotin is 

considered an important component to the medium in that it aids in these reactions and assumably cannot 

be synthesized by the shrimp cells themselves. 

Leibovitz's L-15 medium (both formulations-this author's and Chen's, 1986), out of all media tested 

was considered to be the second most successful. But in comparison to Grace's Insect medium, based on 

cell appearance, Leibovitz's L-15 was not the superior medium. Although the original formulation of 

Leibovitz's L-15 did contain components and concentrations similar to Grace's Insect medium, important 

components, were either not present, or were present at lower concentrations. Important components 

absent in Leibovitz's L-15 were glucose; the TCA cycle intermediaries, alpha-ketoglutaric, fumaric, malic, 

and succinic acids; the essential amino acid, proline; and the vitamin, biotin. Leibovitz's L-15 offered 

primary shrimp cells only one carbohydrate energy source, galactose, a polysaccharide that shrimp cells 
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may not have been able to effectively utilize. Although this author's modified version of Leibovitz's L-I5. 

did contain the essential amino acid, proline, its concentration (1 %) was much less than that found in the 

modified version of Grace's Insect medium. 

The presence of the pH indicator, phenol red, may have also played a role in the inability of Leibovitz's 

L-IS medium to maintain shrimp cells. Cells cultured in this medium, exhibited some cell attachment but, 

they displayed an unhealthy appearance. Although not confIrmed by toxicity studies, phenol red was 

considered toxic to these cells based on the combined evidence of phenol red toxicity exhibited by 

grasshopper cells cultured ill vitro (Terrell, 1981) and the absence of the indicator in Grace's Insect 

medium which provided cells with healthier appearances. 

Media considered not suitable for shrimp cell culture were Medium 199, Amphibian culture medium, 

and Schneider's Drosophila medium. This may be explained, for Medium 199 and Amphibian culture 

medium, by the fact that they were developed primarily for vertebrate animals. Comparisons of the 

composition of each unsuccessful medium to Grace's Insect medium showed that all three unsuitable 

media lacked the inorganic salt; magnesium chloride, which has been shown to be relatively abundant in 

the shrimp's natural seawater environment. Although the version of Medium 199, Amphibian culture 

medium, and Schneider's Drosophila medium used contained the addition of magnesium chloride, the 

added concentration may not have been sufficient to meet the cells' requirements for this salt. 

Likewise Medium 199, Amphibian culture medium, and Schneider's Drosophila medium all failed to 

provide a variety of carbohydrate sources and all lacked sucrose and fructose. Medium 199 and 

Amphibian culture medium, did contain similar, although not complete, inorganic salts and amino acids 

relative to Grace's Insect medium, but at much lower concentrations (approximately ten fold less). Similar 

vitamins, as in Grace's Insect medium, were also contained in these two media but at concentrations 

approximately two fold less. Both of these media also contained phenol red which is possibly toxic to the 

shrimp cells. The composition of Schneider's Drosophila medium, while being a modified version of 

Grace's Insect medium and most closely resembling Grace's Insect Medium, lacked the essential amino 

acid, phenylalanine and it did not contain vitamins. 
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Supplements Added to Grace's Insect Medium 

Shrimp cell cultures in vitro were incubated in Grace's Insect medium once the suitability of this 

medium was determined. 

Characterized hybridoma fetal bovine serum (PBS) was considered both a positive and negative 

medium supplement. Since most cell cultures, of both vertebrate and invertebrate animals, have 

demonstrated the need for a complex protein source for survival and growth in vitro, the same was assumed 

true for shrimp cells. Successful primary cell cultures and established cell lines of insects demonstrated 

that the specific proteins of hemolymph could be substituted with vertebrate serum, with fetal bovine 

serum being the most widely used. The report by Hansen (1976) on the performance of PBS in aquatic 

invertebrates showed that all sera tested from goats, horses, sheep, and man, was toxic to the established 

Bge cell line of the mollusk, B. glabrata. In contrast, Hansen found that fetal calf serum was nontoxic to 

Bge cells. Therefore, based on the latter and on Chen et al. 's (1986) successful ill vitro culture of penaeid 

shrimp cells, in which Chen also utilized a medium supplemented with 10% fetal calf serum, the addition 

of FBS, at a concentration of 10% in the culture medium was deemed appropriate for culture of the cells 

in this study. 

The negative effect of PBS addition to medium is that it served as a source of endotoxin. Even the 

relatively low concentrations (0.025 nglmJ) of endotoxin present in PBS may have been important. 

Crustaceans, in general, have been shown to be extremely sensitive to endotoxin. Therefore, cell toxicity 

must be taken into consideration upon the addition of this protein source. A complete discussion of 

Crustacean cell endotoxin sensitivity will follow in a later section. 

Based on preliminary reports on the relatively successful culture of P. stylirostris cells in vitro in 

Medium 199 with added supplements (fetal bovine serum, proline, Streptomycin, Penicillin, magnesium 

chloride, sodium bicarbonate, and sodium chloride) (Mohney and Lightner, unpublished data), these 

same supplements were added to Grace's Insect medium. These components were already contained 

within the original Grace's Insect medium formulation, except for sodium chloride. The original con

centrations were increased with these additions. The importance of these components to shrimp cells 

were discussed in an earlier section. Added sodium chloride played a dual role by supplying assumed 
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cation and anion requirements and increasing osmolality. The results obtained in these experiments" 

utilizing a medium with an increased osmolality (approximately 750 mmoVkg) are in agreement with Chen 

et al.'s (1986) results, in which they demonstrated the need for an increased medium osmolality to obtain 

successful marine shrimp cell cultures in vitro. 

An important factor in the culture of eucaryotic cells is pH, therefore the addition of sodium 

bicarbonate and Hepes buffer to the medium was necessary to maintain the pH of the culture medium in 

a range of 6.8 to 7.2. It also seemed plausible that scheduling the medium changes, every three to five 

days, to maintain optimum levels in pH might improve the survival rate of these cells. 

Growth factor from the mandibular organ and ovary extract, both from P. monodoll, prolonged cell 

survival by a day or two, but produced cell cultures that were more frequently contaminated with motile 

bacteria and fungi. Obviously, these two growth supplements were contaminated by t~ese microor

ganisms, and they may have also served as yet another source of endotoxin. Therefore, the use of these 

factors in the medium was abandoned since the extended cell life of only two days was insignificant relative 

to problems caused by microbial contamination. 

Culture Vessels 

The observation was made that primary shrimp cells cultured in vitro preferred plastic culture surfaces 

as opposed to glass surfaces. Although the cells readily attached to all plastic surfaces tested, Falcon 

Primaria surfaces were superior to all others. An explanation may be found in the construction of these 

surfaces. Primaria surfaces, developed specifically for primary cells, mimics the structure of some proteins 

by intrinsically incorporating amide-and amino-functional groups. Many cell types previously requiring 

a coated surface for attachment (Pittner et 01., 1985) have been cultured on the Prim aria surface. 

Therefore, Prim aria plastic culture vessels, were routinely used in the i1l vitro culture of shrimp cells. 

, -"-"--------------------
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Problems With Tisslh~ Culture 

A routine primary ceU culture system was established using a modification of a widely used insect cell 

culture medium. This medium yielded epithelioid ceUs from immature ovarian tissues of shrimp. Al

though ceU survival periods were not lengthy periods of time (approximately 10 days), it is believed that 

this culture system may be suitable for viral (IHHNV) infectivity studies. 

The relatively short survival period for the majority of the attached ceU population may be due to 

endotoxin interference originating from the ceU wall of Gram negative bacteria. As mentioned previously, 

endotoxin may be found in hybridoma fetal bovine serum at 0.025 ng/m1, as weU as in other medium 

additives. Endotoxin at even higher concentrations is likely to be present in shrimp products used for 

medium additives (shrimp muscle extract); in materials used for virus inoculums (IHHNV preps.); in 

lobster and shrimp hemolymph (EUender, 1989, who detected Vibrio spp. in shrimp hemolymph); on 

dissection instruments; and in air and water sources. The majority of ceU culturists are not concerned 

with endotoxin presence in cell cultures because the levels are relatively low. However, the extreme 

sensitivity of Crustacean species to endotoxin raises the need for concern in regard to endotoxin presence 

even at low levels when attempts are made for ill vitro ceU culture from these animals. 

Crustaceans have been shown to be extremely sensitive to endotoxin even though, especially in the 

case of marine shrimp, their normal microbial flora consists of Gram negative rods, including Vibrio spp. 

In a study conducted by Bang (1970), the horseshoe crab, Limulus was shown to be very sensitive to 

endotoxin. Examining ceUs damaged by a marine Vibrio associated with Limu/us, Bang noted that the 

ceUs lost granules, stuck to the adjacent tissue and sent out long processes which remained adherent to 

the substrate. In contrast, healthy amebocytes of this species were fuU of granules, discoid in shape and 

unattached to the surrounding tissues. Bang then proceeded to extract fibrinogen from lysed amebocytes 

and subject these preparations to different concentrations of endotoxin. Since en'::c(oxin causes a clotting 

effect in these animals, the production of a gel or precipitate indicated the sensitivity levels. Bang reported 

gel formation at an endotoxin concentration of 0.05 #g and could still detect a reaction, using light 

scattering measurements, at an endotoxin level of 0.005 #g. Although this latter level of endotoxin (5 

ng/ml) is 100 times of that found in hybridoma quality FBS (0.025 ng/m1), one must take into consideration 

------------------------ ---- - -
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the addition of other components, mentioned in the previous paragraph, which when endotoxin levels are' 

totaled, contribute to higher endotoxin levels. This level may, in fact, equal or be greater th,an the 

endotoxin sensitivity levels exhibited by Limulus cells and may explain why cells in these studies did not 

survive for extended periods of time. 

Shirodkar et al. (1958) studied the effects of physical and chemical agents on the shape and behavior 

of cells, from Limulus, and found that when virulent Vibrio cells or endotoxin was added to the preparation, 

cultures would rapidly change into a mass of degranulated and dead cells, debris and disrupted gel. 

Healthy, unexposed cells remained discoid in shape and granular. The sequence of the reactions of 

endotoxin among crustacea is not known, but the basic mechanisms of blood clotting in crustacea and 

Limulus seem so similar that some of the Limulus data may be directly relevant to crustacea. Similarities, 

based on degenerative cell appearances, between the present study and studies by Bang (1970) and 

Shirodkar et al. (1958) implicated endotoxin as a possible major problem encountered in this type of cell 

culture. 

Other than the problem of endotoxin interference, two other problems may have been factors in the 

failure to obtain an extended primary cell culture system or a continuous cell line. These factors were the 

tissue developmental stages used and medium formulation. As discussed previously, the relative success 

achieved in the present study was attributed to ovarian tissue immaturity, Thick-sections (1,um) prepared 

for TEM of monolayers of in vitro shrimp ovarian cells demonstrated the presence of matured oocytes 

(which contained yolk granules) and immature oogonial cells (which lacked yolk granules) at approximate

Iya 1:1 ratio. The use of more immature tissues, such as embryonic tissues, may reduce the number of 

matured cells which have lost their replicative abilities. 

The two successful medium formulations used in these experiments were designed primarily for insect 

cell culture ill vitro and are not absolutely compatible for the continued growth of shrimp cells in vitro. 

Therefore, the logical direction of research seems to gravitate towards the development of a medium 

designed specifically for the in vitro culture of shrimp cells (refer to "Future Direction" section for a full 

discussion) . 

----------------------'-- --_., - -
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IHHNV Infectivity Studies 

IHHNV infectivity studies utilizing the developed primary shrimp cell culture system for P. stylirostris 

proved unsuccessful based on the lack of typical cytopathic effect (CPE; i.e., the detachment of cells from 

the substrate creating "boles" in the monolayer) and recognizable virus presence in cells on the viewed on 

theTEM. 

Virus Infection of Cells 

IHHNV did not appear to infect the majority of the primary cell population. If viral permissive cells 

were present and infected, they went unnoticed because of their small percentages and the overwhelming 

presence of uninfected, degenerative cells. Degeneration of cells, as indicated by cell shrinkage and 

vacuole formation in the cytoplasm, was exhibited by both control and virus exposed cells, and was the 

most likely reason for the failure of viral infection. The cause of cell degeneration is believed to be due 

to a combination of cell age and toxicity problems. Thick-sections (l,um) prepared for TEM of ovarian 

cell monolayers revealed that approximately 50% of the cell population consisted of mature oocytes. Cells 

at this ~tage of development are considered fully developed, with no capacity for mitosis. Hence, such 

cells would be expected to deteriorate rapidly in culture. Evidence implicating degenerative toxicity 

problems was indicated by cell shrinkage and vacuole formation in the cytoplasm of both the control and 

viral exposed cells, immediately following the exposure to buffer (Hank's Balanced Salt Solution and Tris) 

and semi-purified IHHNV preparations. The IHHNV exposed cultures appeared to contain a greater 

number of degenerative cells, in contrast to controls, indicating that the observed cytotoxic effect may 

perhaps be due to endotoxin interference because semi-purified IHHNV preparations were derived from 

IHHNV infected shrimp tissues, in which secondary bacteremias were common. 

If IHHN virus infection occurred in some of the exposed cell popUlation it was undetected because 

expected cytopathic effect (CPE; i.e., the detachment of cells from the substrate creating "holes" in the 

monolayer) was not observed. Unfortunately, other methods utilized to confirm virus infection, such as 

fluorescent antibody techniques, are not available at the present time. Judgement of the presence or 

absence of CPE in these primary cell cultures was difficult because most of the cells stayed firmly attached 

to the substrate after exposure to virus, while also exhibiting signs of toxicity. Ellender (1989) reported 
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that hemocytes, of P. aztecus, cultured in vitro did not demonstrate cytopathic effects when exposed to 

IHHNV, which may indirectly indicate that CPE may not be a reliable method in determining virus 

infection. In fact, this phenomenon of CPE development following infection with virus is not so 

widespread, especially with arboviruses in arthropod cell cultures, and depends on the type of virus and 

innate properties of the cell line. No CPE has ever been reported for any of the tick cell lines although 

later proven that virus infection had occurred (Pudneyet al., 1982). The question of whether or not cells 

from penaeid shrimp will demonstrate CPE when infected with IHHNV will have to be answered at a later 

time when the development. of hardier primary cell cultures or an established cell line is achieved. 

In these primary shrimp cell cultures, failure of virus infection, if permissive cells were available, can 

also be attributed to inappropriate environmental conditions. A combination of temperature and pH 

other than those evaluated in these experim(;nts may be required for virus adsorption and infection. The 

osmolality of the adsorption medium may not have been correct for virus infection. Virus infection of 

these cells may require an osmolality at levels that create cell stress and allow for virus uptake by these 

cells. The cells themselves may lose virus receptor sites when cultured in vitro which may then require the 

use of additional factors for completion of infection. Virus particles, used in these studies, may not have 

been infectious, although capsids appeared full on TEM observation, which may also serve as a reason 

for not obtaining viral infection of the cells. 

Perhaps the best explanation for the lack of evidence for IHHNV replication in these trials is in the 

nature of IHHN virus itself. Parvoviruses (the family to which IHHNV is now known to belong) require 

mitotically active cells for their replication (Dulbecco and Ginsberg, 1980). Because mitotic cells were 

not abundant in the primary ovarian cell cultures exposed to IHHNV, replication of IHHNV may have 

been insignificant, if even possible. 

Cells that may have been infected with virus went unnoticed due to the absence of CPE and inclusion 

body formation, the low probability of obtaining an infected cell created by TEM preparation techniques 

and the lack of viral diagnostic methods enjoyed by other cell culturists. Since TEM preparation 

procedures included thin-sectioning small parts of cell monolayers and the percentages of infected cells, 

if any, were low, the chances of obtaining an infected cell to view on the TEM were quite low. Chiu and 

------------------""----- - ---" 
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Black (1967 and 1%9) were able to conclusively prove virus infection ofAga/lia COllstricta cells with wound 

tumor virus (wrV) utilizing fluorescent antibody techniques. At the present time, antibody production 

for IHHNV is in the developmental stages. Once antibodies to IHHNV are developed they may be utilized 

with primary shrimp cell cultures to help aid in detection of virus infection. 

Future Directions 

Considerable work remains to be done before the potential of using shrimp cell culture for the 

detection and production of IHHNV or other shrimp viruses becomes fully realized. Improvements on 

ill vitro culture of shrimp cells are forth coming. Grace (1%2) reportedAlltlieraea eucalypti cells exhibited 

a period in which the majority of the cell population underwent degeneration with a few healthy cells still 

apparent. At this point, Grace subjected the cultures to "organized neglect", examining cultures every two 

days and replenishing one-half of the medium if a few healthy cells remained, upon which, after a year's 

time, the remaining healthy cells began to rapidly increase in number and cell divisions were plentiful. 

This became the first reported establishment of an insect cell line. In the future, applying Grace's Insect 

Medium method to the epithelioid cells described in this research or ones prepared in a similar manner 

may perhaps lead to the establishment of a continuous cell line originating from shrimp tissues. 

Used in combination with the methods and medium formulated in this study or with the development 

of a new medium formulation, embryonic tissue is perhaps the ideal candidate for the ill vitro culture of 

shrimp cells. Cells contained within this tissue are mostly undifferentiated, with their primary function 

being rapid multiplication. To reduce the potential of endotoxin interference, fertilized shrimp eggs 

should be immediately removed to sterile artificial salt water to eliminate potential bacterial colonization 

before attempting to culture these embryonic tissues ill vitro. This effort will reduce the number of Gram 

negative rods (which represent the majority of the microflora) present, which will decrease the amount of 

endotoxin produced. 

New media should be formulated based on biochemical analysis of shrimp tissues and hemolymph, 

emphasizing the specific life-stage of the animal to serve as the tissue source for ill vitro culture. Perhaps, 

a modified version of a commercially available synthetic medium or the development of a new medium 

altogether must occur in order to obtain success with the culture of shrimp cells ill vitro. In the 

-~~-.... -------------------------------.----.. _.- - . 
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development of this new medium, major emphasis must be placed on the reduction or complete removal 

of endotoxin. Endotoxin reduction may be in the form ofFBS elimination and this may be achievable only 

with development of a serum-free medium. As this thesis was being compiled, Ellender (1989) released 

the results of a year long study in which he biochemically analyzed hemolymph, muscle and 

hepatopancreatic samples of the marine shrimp P. aztecus. Based on the results obtained by Ellender, a 

more specific tissue-culture medium formulation was developed with the basal medium of 2x L-IS with 

added amino acids and salts. This new medium provided cultureable cells from the hepatopancreas, which 

could be maintained ill vitro for several weeks. Although this is the rust step in the evolution of the 

development of a medium designed primarily for shrimp cell culture ill vitro, more biochemical studies 

need to be conducted on other species of penaeids and other life stages of the animal. Emphasis should 

be placed on the analysis of the tissues of the life-stage of the animal to be cultured ill vitro based on the 

data reported by Koch (1973). In these studies Koch analyzed the inorganic components of insect eggs 

to develop an artificial, yolk free medium to enable studies to be conducted to determine or test the 

influence of single, isolated egg substances on the development of different embryonic tissues. Results 

showed that adult insect tissues contained more sodium than potassium in hemolymph, in contrast to the 

eggs which had a high potassium concentration and a low sodium concentration. The same may be true 

for shrimp tissues, therefore biochemical studies should be conducted on embryonic tissues when 

developing a culture medium for these cells. 

Improvement of primary shrimp cell cultures or the establishment of a cell line may be required before 

a rapid diagnostic tool for IHHNV can be developed. Major effort on obtaining a cell line from penaeid 

shrimp should be continued, as these are the economically important species in which viral infections 

occur. Simultaneous studies on utilizing established cell lines from insects, ticks, and other aquatic 

invertebrates, such as the Bge cell line from the mollusk, B. glabrata for infection with IHHNV, should 

also be considered. The development of a gene probe or monoclonal antibody to IHHNV will also serve 

as a more rapid means of virus detection, but will not provide a way to increase virus titer for further viral 

studies. Hence, further work teading to successful development of shrimp tissue culture methods is 

needed. 
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SUMMARY 

All total, some 100 experiments utilizing different tissue types, explantation techniques, media and 

culture conditions, resulted in a method for the initiation and maintenance of Penaeus styiirostris cells in 

vitro. To initiate primary cultures, immature ovarian tissues from subadult females were successfully 

explanted using a mechanical mincing technique. Resultant epithelioid cell cultures originated from small 

tissue fragments, which became firmly attached to the surface of plastic culture plates and slide-chambers. 

However, the survival time ofthese cells was found to be approximately 10 days which was considered to 

be a relatively short amount of time. Efforts to increase their survival time included pH control, 

temperature elevation, and the use of growth factors to increase cellular attachment or growth. Optimum 

cell survival conditions were realized at 28°C with a normal atmosphere. Grace's Insect medium, when 

supplemented with hybridoma quality fetal bovine serum (10%), proline, magnesium chloride, Hepes, 

sodium bicarbonate, sodium chloride, Penicillin, Streptomycin and Amphotericin B and at an osmolality 

of 750 mmol/kg, provided primary cultures with the most healthy appearing cells. The addition of the 

mandibular organ growth factor and ovary extract from P. monodoll to this medium did not significantly 

increase the survival time of these cells. Finally, exposure of these shrimp primary ovarian cell cultures 

to IHHNV yielded indeterminate results . 

. _------------------ --- - --



76 

APPENDIX A: MEDIA 

------------------------ ------ --- - -



77 

Trager (1935) Solution A (gm/liter) 

Maltose ............................................................. 20.538 KzHP04 ............................................................ 0.2613 
NaCI .................................................................. 0.8766 
MgCh x 6H20 .................................................. 0.2033 
CaCh ................................................................... 0.111 

Bombyx mori hemolymph .................................. 10% 
Pencillin ....................................................... 100 U/ml 
Streptomycin .............................................. 100 p.g!ml 

NaH2P04 x H20 ......................... ' ....................... 0.207 

Wyatt (1956) medium (mg/l00ml) 

NaH2P04 ............................................................... 110 L-Glutamic acid ..................................................... 60 
MgCh x 6H20 ....................................................... 304 
MgS04 x 7H20 ..................................................... 370 
KCl. ......................................................................... 298 

L-Glutamine ........................................................... 60 
Glycine .................................................................... 65 
DL-Serine .............................................................. 110 

CaCh ........................................................................ 81 DL-Alanine ............................................................ 45 
Glucose .................................................................... 70 Beta-Alanine .......................................................... 20 
Fructose .................................................................. 40 L-Proline ................................................................. 35 
Sucrose ..................................................................... 40 
Malic ........................................................................ 67 

L-Tyrosine ................................................................ 5 
DL-Threonine ........................................................ 35 

Alpha-ketoglutaric ................................................. 37 
Succinic ..................................................................... 6 
Fumaric ............................................................ " ..... 5.5 

DL-Methionine ...................................................... 10 
L-Phenylalanine ...................................................... 15 
DL-Valine ............................................................... 20 

L-Arginine HCi. ..................................................... 70 
DL-Lysine HCI ..................................................... 125 
L-Histidine ............................................................ 250 
L-Aspartic acid ....................................................... 35 
L-Asparagine ......................................................... 35 

DL-Isoleucine ........................................................ 10 
DL-Luecine ............................................................. 15 
L-Tryptophan .......................................................... 10 
L-Cystine ................................................................. 2.5 
Cysteine HCI ............................................................. 8 

Grace (1962) medium (mg/l00 ml) 

NaH2P04 ............................................................... 114 
NaHC03 ................................................................. 35 

L-Tryptophan ......................................................... 10 
L-Glutamine ........................................................... 60 

KCI .......................................................................... 224 L-Threonine ........................................................ 17.5 
CaCh ...................................................................... 100 L-Valine .................................................................. 10 
MgCh x 6H20 ....................................................... 228 Sucrose (gm) ...................................................... 2.668 
MgS04 x 7H20 ..................................................... 278 
L-Arginine HCI ...................................................... 70 
L-Aspartic acid ...................................................... 35 
L-Apa~agine ........................................................... 35 
L-Alanme .............................................................. 22.5 

Fructose ............................................................... 40L 
Glucose ................................................................... 70 
Malic ........................................................................ 67 
Alpha-ketoglutaric ................................................. 37 
Succinic ...................................................................... 6 

Beta-Alanine .......................................................... 20 Fumaric .................................................................. .5.5 
L-Cystine HCI ........................................................ 2.5 
L-Glutamic acid ..................................................... 60 

Thiamine HCI. .................................................... O.002 
Riboflavin .......................................................... 0.002 

Glycine .................................................................... 65 
L-Histidine ............................................................ 250 
DL-Isoleucine ........................................................ 10 
L-Isoleucine .............................................................. .5 

Ca pantothenate ................................................ 0.002 
Pyridoxine HCI.. ................................................ 0.002 
p-Aminobenzoic acid ....................................... 0.002 
Folic acid ........................................................... 0.002 

L-Leucine ............................................................... 7.5 Niacine ................................................................ 0.002 
L-Lysine HCI ........................................................ 62.5 
L-Methionine ............................................................ 5 

i-Inositol .............................................................. 0.002 
Biotin ................................................................... 0.001 

L-Proline ................................................................. 35 Choline chloride .................................................. 0.02 
L-Phenylalanine ..................................................... 15 
DL-Serine .............................................................. 110 
L-Tyrosine ................................................................ .5 

Penicillin G, Na Salt ................................................. 3 
Streptomycin suifate ............................................... 10 

---- --------------------------- --- - --



Mitsuhashi and Maramorosch (1964) insect 
tissue culture medium (mg/l00 ml) 

NaH2P04 x H20 .................................................... 20 
MgCh x 6H20 ........................................................ 10 
KCI. .......................................................................... 20 
CaCl2 x 2H20 ......................................................... 20 
NaCI ....................................................................... 700 
NaHC03 .................................................................. 12 

Chiu and Black (1967) insect tissue culture 
medium (mg/l00 ml) 

D-Glucose .............................................................. 400 
NaCI ....................................................................... 105 
KCI. .......................................................................... 80 
MgS04 x 7H20 ....................................................... 85 
CaCh ........................................................................ 30 
KH2P04 ................................................................... 30 
NaHC03 ................................................................. 35 

Leibovitz (1963) L-IS cell culture 
medium (mg/liter) 

CaCh ................................................................................... 140.0 
KCI ....................................................................... 400.0 
KH2P04 ................................................................ 60.0 
MgCh x 6 H20 ................................................... 2OO.0 
MgS04 x 7 H20 ................................................. 200.0 
NaCI .................................................................. 8000.0 
Na2HP04 ............................................................ 190.0 
Galactose ............................................................ 900.0 
Sodium pyruvate ............................................... .550.0 
DL-all?~a-alanine ............................................... 450.0 
L-Arguune ......................................................... .500.0 
L-Asparagine ..................................................... 250.0 
L-Cysteine ........................................................... 120.0 
L-Glutamine ....................................................... 300.0 
Glycine ................................................................ 200.0 
L-Histidine ......................................................... 250.0 
L-Leucine ........................................................... 125.0 

Perkins and Menzel (1964) medium 

Physiological saline solution .......................... (80%l 
Oyster blood .................................................... (10% 
Female gonad extract ....................................... (5% 
Adductor muscle extract .................................. (5% 
Streptomycin .............................................. 0.1 mglml 
Penicillin ................................................... 0.06 mglml 
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D-Glucose .............................................................. 400 
Lactalbumin hydrolysate ...................................... 650 
Yeastolate ............................................................. .500 
PBS ...................................................................... 20% 
Penicillin ...................................................... 100 Vlml 
Streptomycin .............................................. 100 p,glml 

Lactalbumin hydrolysate ..................................... 650 
Yeastolate .............................................................. 500 
Penicillin ....................................................... 10000 U 
Streptomycin ............................................... 10000 pg 
Neomycin ....................................................... 5000 p, g 
Fungizone .......................................................... 25p,g 
PBS .......................................................... 17.5-20.0 ml 

L-Lysine ................................................................ 75.0 
DL-Methionine .................................................. 150.0 
DL-Phenylalanine ............................................. 250.0 
L-Serine .............................................................. 200.0 
DL-Threonine .................................................... 600.0 
L-Tryptophane ..................................................... 20.0 
L-Tyrosine .......................................................... 300.0 
DL-Valine ........................................................... 2oo.0 
DL-Ca pantothenate ............................................. 1.0 
Choline chloride .................................................... 1.0 
Folic acid ................................................................ 1.0 
Inositol .................................................................... 2.0 
Nicotinamide .......................................................... 1.0 
Pyridoxine HCI. ...................................................... 1.0 
Riboflavin 5' -phosphate ........................................ 0.1 
Thiamine monophosphate .................................... 1.0 
Phenol red ............................................................ 10.0 

Physiological saline solution 

NaCI .............................................. 46.66 x 10'~ moles 
KCI.. ................................................ 1.02 x 10'3 moles 
CaCh .............................................. 1.10 x 10'3 moles 
MgCh x 6H20 ............................... 1.16 x 10'3 moles 
MgS04 ............................................ 2.86 x 10'3 moles 
NaHC03 ........................................ 0.25 x 10' moles 
T.C. Yeastolate (Difco) ................................. 0.100 g 
Glass-distilled water .................................... 100.0 ml 

~----------------------.--.-- --_.- --- _ ... 
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Cecil (1969) medium 

NaCI ....................................................... 15.087 mgIL 
KCI. ........................................................... 481.0 mgIL 
MgCI2 x 6H20 ...................................... 4,582.0 mgIL 
MgS04 x 7H20 .................................... 2,689.0 mgIL 
K2HP04 ..................................................... 89.0 mgIL 
CaCI2 ........................................................ 959.0 mgIL 
Glucose .................................................. 321.0 mgIL 
Trehalose ............................................... 321.0 mgIL 
Eagle's minimum essential aa ............................. (2x) 

NaHC03 ......................................................... (7.5%1 
Eagle's nonessential amino acids .................... (1.8x 
Eagle's minimum essential vitamin mix ........ (0.33x 
Fetal calf serum ............................................ l00mVL 
Whole egg filtrate ........................................ l00mVL 
Penicillin ................................................. 100 units/ml 
Streptomycin .............................................. 100 Jlglml 
Fungizone .................................................. 0.25 Jlglml 
Phenol red ................................................... 5.0 mgIL 

-----------------------------_ .. -.- --. 
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Hansen's (1976) medium 

M-182 M-260 

Complex mixtures 
Fetal calf serum (in %) 13 13 
Bactopeptone (in mg/liter) 4500 
Lactalbumin hydrolysate' (in mg/liter) 4500 
Yeast hydrolysate (in mg/liter) 

Salta and buffers (in mg/liter) 
NaCI 2800 1792 
KCl 150 96 
CaCh 530 339 
MgSO.·7H:O 450 288 
NaIHPO. 70 45 
KH1PO. 
NaHCOa 50 32 

Amino acids and related compounds 
(in mg/liter) 

vAianine 6.0 3.8 
vArginine 4.2 2.7 
vAsparagine 2.0 1.3 
vAspartic acid 6.0 3.8 
p-Alanine 
vCysteine 6.0 3.8 
vCystine 2.4 LiS 
vGlutamic acid 10.0 6.4 
vGlutamine 20.0 20.0 

, Glycine 6.0 3.8 
vHiatidine 4.0 2.6 
vIaoleucine 5.2 3.3 
~Leucine 5.2 3.3 
~Lysine 5.8 3.7 
v:\lethionine 1.5 1.0 
~Phenylalanine 3.5 2.1 
vProline 6.0 3.8 
It-Serine 12.0 7.7 
vThreonine 4.8 3.1 
~Tryptophan 0.8 0.5 
vTyroaine 3.6 2.3 
vValine 4.7 3.0 

Sugars (in mg,liter) 
Galactose 2000 12RO 
Glucose 860 550 
Trehalose 860 550 

-----------------..,......-------~- -' --' 



Hansen's (1976) medium-continued 

M-182 M-260 
Organic 3cids (in mg/liter) 

Fumaric acid 
a-Ketoglutaric acid 
llalic acid 
Succinic acid 

Vitamins (in "g/liter) 
Biotin 38 24 
Calcium Colinate 38 24 
~Calcium pantothenate 7.') 48 
Cyanocobalamine 38 24 
Folic acid 75 48 
N-Aeetylglucosllmine 150 96 
Niacin 75 48 
Nicotinamide 75 48 
Pantethine 38 24 
p-Aminobenzoic acid 75 48 
Pyridoxal Hel 38 24 
Pyridoxamine Hel 38 24 
Pyridoxine Hel 75 48 
RiboHavin 75 48 
Thiamine Hel 7;) 48 
Thioetic acid 38 24 

Nucleic acid precursors (in ,.g/liter) 
Adenosine-3' (2')phosphoric acid 347 
Cytidine-3'(2')phosphoric acid 323 
Guanosine-:3'(!?')phosphoric acid 363 
Uridine-3'(2')ph09phoric acid 324 
Thymine 126 

Osmolality (in mOsm) lB.') 1.')4 

M-256 contained the same components and concentrations 
as M-182, but this medium did not contain fetal calf serum. 
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Tripp (1966) Balanced Salt Solution (gIL) 

NaCI .................................................................... 23.50 NaHC03 .............................................................. 0.02 
KC ......................................................................... 0.67 K2HP04 (anhydrous) ......................................... 0.19 
CaCI2 (anhydrous) .............................................. 1.10 
MgCI2 (anliydrous) ............................................. 2.03 
MgS04 (anhydrous) ........................................... 2.94 

Glucose ................................................................ 0.50 
Trehalose ............................................................. 0.50 
Phenol red ........................................................... 0.05 

Chen's ("In Press") Sterile Salt Solution (gIL) 

NaCI .................................................................... 102.4 MgS04 .............................................................. ~ ... 10.8 
KCI .......................................................................... 1.8 MgCI2 .................................................................................... 11.8 
CaCI2 ........................................................................................ 5.1 

-------------------- -_. __ .. -_ .. -. - --



84 

REFERENCES 

Asia-Wide shrimp agro-industry sector study. 1989. Published by The World Bank, Geneva, Switzer
land. 

Atherton, J.G. 1987. Personal communication. Department of Microbiology, University of 
Queensland, Brisbane, Australia. 

Bang, F.B. 1970. Disease mechanisms in crustacean and marine arthropods. Pp. 383-404. In: S. 
Snieszko (Editor), A Symposium on Diseases of Fishes and Shellfishes. American Fisheries 
Society, Washington, D.C. 

Basch, P.F., and J.J. DiConza. 1973. Primary cultures of embryonic cells from the snail Biompllalaria 
glabrata. Amer. J. Trop. Med. Hyg. 22:805-813. 

Bell, T. A, and D. V. Lightner. 1987. IHHN disease ofPenaeus stylirostris: effects of shrimp size on 
disease expression. J. Fish Diseases 10:165-170. 

Bell, T. A, and D. V. Lightner. 1988. A Handbook of Normal Penaeid Shrimp Histology. Special 
Publication No.1, The World Aquaculture Society, Baton Rouge, LA P.6. 

Bonami, J.R, M. Brehelin, J. Mari, B. Trumper, and D.V. Lightner. Submitted. Purification and 
characterization of IHHN virus of penaeid shrimps. J. General Virology. 

Cecil, J. T. 1969. Mitoses in cell cultures from cardiac tissue of the surf clamSpisu/a solidissima. J. 
Invertebr. Pathol. 14:407-410. 

Chen, S.N., S.C. Chi, G .H. Kou, and I.C. Liao. 1986. Cell culture from tissues of grass prawn, Pellaeus 
monodoll. Fish Pat hoI. 21:161-166. 

Chen, S.N. 1988. Personal communication. Department of Zoology, National Taiwan University, 
Taipei, Taiwan. 

Chen, S.N., and G.H. Kou. 1989. Infection of cultured cells from the lymphoid organ of Pellaeus 
mOllodoll Fabricius by monodon-type baculovirus (MBV). J. Fish Diseases 12:73-76. 

Chen, S. N., K. J. J ong, and G. H. Kou. In press. Cell culture derived from tissues of penaeid shrimp, 
Penaeus penici//atus and hard clam, Meretriz lusoria. In: N. Mituashi (Editor), CRC Hand
book of Invertebrate Tissue Culture. CRC Press Inc., Boca Raton, FL. 

Chiu, R. J., D. V. R Reddy, and L. M. Black. 1966. Inoculation and infection of leafhopper tissue 
cultures with a plant virus. Virology 30:562-566. 

Chiu, R J., and L. M. Black. 1%7. Monolayer cultures of insect cell lines and their inoculation with 
a plant virus. Nature (London) 215:1076-1078. 

Chiu, R J., and L. M. Black. 1%9. Assay of wound tumor virus by the fluorescent cell counting 
technique. Virology 37:667-676. 

Cowdry, E.V.1934. The problem ofintranucIear inclusions in virus disease. Arch. PathoI.18:527-542. 

Doane, F. W., and N. Anderson. 1987. Electron Microscopy in Diagnostic Virology - A Practical 
Guide and Atlas. Cambridge University Press, New York, NY. Pp.96-97. 

Dulbecco, R, and H.S. Ginsberg. 1980. Virology. Pp.l059-1060. In: B.D. Davis, R Dulbecco, H.N. 
Eisen, and H.S. Ginsberg (Editors), Microbiology-Including Immunology and Molecular 
Genetics. Third edition. Harper & Row, Publishers, Inc., New York, NY. 

------------------------- -- ---



85 

Ebstein, B. S., M. D. Rosenthal, and R L. DeHaan. 1965. Cells from isolated blastomeres ofIlyollosso 
obsoleta in tissue culture. Exp. Cell Res. 40:174-177. 

Ellender, RD., B.L. Middlebrooks, and S.L. McGuire. 1988. Evaluation of various growth enhan
cement factors, media formulation, and support matrices for the development of primary 
and established cell lines from Penaeus hepatopancreas. P. 167. In: U.S. Marine Shrimp 
Farming Program Progress Report (Oct. 1, 1987 to March 31, 1988). Volume 1. Published 
by the U.S. Department of Agriculture, Washington, D.C. 

Ellender, RD. 1989. Cell culture development. Pp. 61-64. In: U.S. Marine Shrimp Farming Program 
Progress Report (Oct. 1, 1988 to Sept. 30,1989). Volume 1. Published by the U.S. Depart
ment of Agriculture, Washington, D.C. 

Plorkin, M. and S. Bricteux-Gregoire. 1972. Nitrogen metabolism in mollusks. Pp.301-348. In: M. 
Plorkin and B.T. Scheer (Editors), Chemical Zoology. Volume 7. Academic Press, New 
York,NY. 

Freshney, R.I. 1983. Culture of animal cells: A manual of basic technique. Alan R Liss, Inc., New 
York,NY. 

Grace, T. D. C. 1%2. Establishment of four strains of cells from insect tissues grown ill vitro. Nature 
(London) 195:788-789. 

Grace, T.D.C. 1966. Establishment of a line of mosquito (Aedes aegypti L.) cells grown in vitro. 
Nature (London) 211:366-367. 

Grace, T. D. C. 1967. Establishment of a line of cells from the sillcworm Bombyx mori. Nature 
(London) 216:613. 

Hammen, C.S. 1980. Marine Invertebrates, Comparative Physiology. University Press of New 
England, Hanover, New Hampshire. Pp.6-10. 

Hansen, E.L. 1976. A cell line from embryos of Biomphalaria glabrata (Pulmonata): Establishment 
and characteristics. Pp.75-99. In: K. Maramorosch (Editor), Invertebrate tissue culture, 
research applications. Academic Press, New York, NY. 

Hansen, E.L. 1979. Initiating a cell line from embryos of the snail Biomphalaria glabrata. TCA 
Manual 5:1009-1014. 

Harrison, RG. 1907. Observations on the living developing nerve fiber. Proc. Soc. Exp. BioI. Med. 
4:140-143. 

Hink, W.F., and C.M. Ignoffo. 1970. Establishment of a new cell line (IMC-HZ-1) from ovaries of 
cotton bollworm moths, Heliothis zea (Boddie). Exp. Cell Res. 60:307-309. 

Hink, W.P. 1976. A compilation of invertebrate cell lines and culture media. Pp. 319-369. In: K. 
Maramorosch (Editor), Invertebrate tissue culture, research applications. Academic Press, 
New York, NY. 

Hsiung, G. D. 1982. Virus isolation and identification. Pp. 59, 63-64, 268. In: G.D. Hsiung (Editor), 
Diagnostic Virology. Yale University Press, New Haven, CT. 

Hsu, S.H., W.H. Maw, and J.H. Cross. 1970. Establishment of a line of cells derived from ovarian 
tissue of Culex quillque/asciatus Say. J. Med. Entomol. 7:703-707. 

Hsu, S.H., S.Y. Li, and J.H. Cross. 1972. A cell line derived from ovarian tissue of Culex tritaenior
hYllchus summorosus Dyar. J. Med. Entomol. 9:86-91. 

---------------------- ---- - -



1.. 

86 

King, J.L. 1948. A study of the reprodutive organs of the common marine shrimp Penaeus setifems 
(L.). BioI. Bulletin 94:244-262. 

Kingsley, R E., and N. L. Cole. 1988. Preparation of cultured mammalian cells for transmission and 
scanning electron microscopy using Adar film. J. Electron Microscopy Tech. 10:77-85. 

Kitamura, S. 1970. Establishment of cell line from Culex mosquito. Kobe J. Med. Sci. 16:41-50. 

Koch, P. 1973. Ion determinations in insect eggs as a basis for the composition of artificial culture 
media. Pp.41-65. In: J. Rehacek, D. Blaskovic, and W.F. Hink (Editors), Proceedings Third 
International Colloquium on Invertebrate Tissue Culture. Publishing House of the Slovak 
Academy of Sciences, Bratislava. 

Lightner, D.V. 1974. Normal postmortem changes in the brown shrimp, Penaeus aztecus Ives. 
Fishery Bulletin 72:223-236. 

Lightner, D.V. 1983a. Diseases of cultured penaeid shrimp. Pp.289-320. In: J.P McVey (Editor), 
Handbook of Mariculture. Volume 1. Crustacean Aquaculture. CRC Press, Boca Raton, 
FL. 

Lightner, D. V., R M. Redman, and T. A. Bell. 1983b. Infectious hypodermal and hematopoietic 
necrosis, a newly recognized virus disease of penaeid shrimp. J. Invertebr. Pat hoI. 42:62-70. 

Lightner, D. V., R M. Redman, T. A. Bell and J. A. Brock. 1983c. Detection of IHHN virus in 
Penaeus stylirostris and P. vannamei imported into Hawaii. J. World Mariculture Soc. 
14:212-225. 

Lightner, D.V.1985. A review of the diseases of cultured penaeid shrimps and prawns with emphasis 
on recent discoveries and developments. Pp.79-103. In: Y. Taki, J.H. Primavera, Jose A. 
L10brera (Editors), Proceedings of the First International Conference on the Culture of 
Penaeid Prawns/Shrimps. Published by the Aquaculture Department, Southeast Asian 
Fisheries Development Center, Iloilo, Philippines. 

Lightner, D.V., and RM. Redman. Submitted. Geographic distribution, hosts, and diagnostic 
procedures for the penaeid virus diseases of concern to shrimp culturists ic the Americas. 
In: A.W. Fast and LJ. Lester (Editors), Culture of Marine Shrimp: Principles and Practices. 
Elsevier. 

Long, G.L. 1976. The stereospecific distribution and evolutionary significance of invertebrate lactate 
dehydrogenases. Compo Biochem. Physiol. 55:77-83. 

Luedeman, RA., and D.V. Lightner. 1989. Practical applications of primary cell cultures of penaeid 
shrimp. P. 96. In: Abstracts of the Proceedings of the World Aquaculture Society, 1989. 
Published by The World Aquaculture Society, Baton Rouge, LA. 

McGuire, S.L.M., RD. Ellender, and B.L. Middlebrooks. 1988. Preliminary observations on the in 
vitro growth and maintenance of shrimp hepatopancreas cells. P. 177. In: U.S. Marine 
Shrimp Farming Program Progress Report (Oct. 1,1987 to March 31, 1988). Volume 1. 
Published by the U.S. Department of Agriculture, Washington, D.C. 

Melnick J. L., Wenner H. A., and Phillips C. A. 1979. Enteroviruses. Pp.471-534. In: E. Lennelle 
and N. Schmidt (Editors), Diagnostic Procedures for Viral, Rickettsial, and Chlamydial 
Infections. Fifth edition. American Public Health Association, Washington, D.C. 

Mill, PJ. 1972. Respiration in the invertebrates. The Macmillan Press Limited, London, England. 
Pp.161-170. 

_______________________ - - 0-



87 

Mitsuhashi, J. 1982. Determination of essential amino acids for insect cell lines. Pp.9-51. In: K. 
Maramorosch and J. Mitsuhashi (Editors), Invertebrate Cell Culture Applications. 
Academic Press, New York, NY. 

Mohney, L.L., and D.V. Lightner. 1987. Unpublished data. Environmental Research Laboratory, 
Tucson,AZ. 

Mohney, L.L. 1989. Unpublished data. Department of Veterinary Sciences, University of Arizona, 
Tucson,AZ. 

NOAA (National Oceanic and Atmospheric Administration). 1988. Appendix II: Shrimp aquacul
ture in Latin America. Pp. 159-165. In: Aquaculture and Capture Fisheries: Impacts in U.S. 
Seafood Markets. Published by U.S. Department of Commerce, National Marine Fisheries 
Service, Washington, D.C. 

Necco, A, and R Martin. 1963. Behavior and estimation of the mitotic activity of the white body cells 
in Octopus vulgaris, cultured in vitro. Exp. Cell Res. 30:588-590. 

Perkins, F. 0., and R W. Menzel. 1964. Maintenance of oyster cells ill vitro. Nature (London) 
204:1106-1107. 

Pittner, RA, R Fears and D.N. Brindley. 1985. Effects of cyclic AMP, glucocorticoids and insulin 
on the activities of phosphatidate phosphohydrolase, tyrosine aminotransferase and glycerol 
kinase in isolated rat hepatocytes in relation to the control of triacylglycerol synthesis and 
gluconoeogenesis. Biochem. J. 225:455-462. 

Pudney, M., M. G. R Varma, and C. J. Leake. 1979. Establishment of cell lines from ixodid ticks. 
TCA Manual 5:1003-1007. 

Pudney, M., C.J. Leake, and S.M. Buckley. 1982. Replication of arboviruses in arthropod;n vitro 
systems: An overview. Pp. 159-194. In: K. Maramorosch and J. Mitsuhashi (Editors), 
Invertebrate Cell Culture Applications. Academic Press, New York, NY. 

Quoit, J.M., e. Vago, and J. Luciani. 1968. Cell cultures of Crustacea, Arachnida, and Meros
tomacea. Pp.341-36O. In: C. Vago (Editor), Invertebrate Tissue Culture. Volume 1 (1971). 
Academic Press, New York, NY. 

Rosenberry, R 1990. World Shrimp Farming 1989. Pp.I-8. Published by R Rosenberry, Aquacul
ture Digest, San Diego, CA 

Rosenthal, J., and A Diamant. 1990. In vitro primary cell cultures from Pellaeus semisulcatus. Pp. 
7-13. In: F.O. Perkins and T.e. Cheng (Editors), Pathology in Marine Science. Academic 
Press, San Diego, CA 

Shirodkar, M.V., F.B. Bang, and A Warwick. 1958. Antibacterial action of Limulus blood in an in 
l:i1m system. BioI. Bulletin 115:341. 

Spurr, A R 1969. A low-viscosity epoxy resin embedding medium for electron microscopy. J. 
Ultrastructure Research 26:31-43. 

Terrell, S.L. 1981. In vitro culture of grasshopper cells. Master's Thesis. University of Arizona, 
Tucson, Arizona. 

Thabrew, M.I., P.e. Coat, and K.A. Munday. 1971. Carbohydrate metabolism in Carcinus maellas 
gill tissue. Compo Biochem. Physiol. 40:531-541. 

.----------_._--- ---- -- - _. 



88 

Trager, W. 1935. Cultivation of the virus of grasserie in silkworm tissue cultures. J. Exp. Merl. 
61:501-513. 

Tripp, M. R., L. A. Bisignani, and M. T. Kenny. 1966. Oyster amoebocytes ill vitro. J.lnvertebr. 
Pathol. 8:137-140. 

Varma, M. G. R., M. Pudney, and C. J. Leake. 1975. The establishment of three cell lines from the 
tick Rhipicephalus appelldiculatus (Acari: Ixodidae) and their infection with some ar
boviruses. J. Med. Ent. 11:698-706. 

Wyatt, S. S. 1956. Culture ill vitro of tissue from the silkworm, Bombyx mori L. J. Gen. Physiol. 
39:841-852. 

-------------"- - --


