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ABSTRACT 

Research was conducted to develop gene probes to 

Baculovirus penaei (BP) from a cloning of BP genomic DNA and 

to test the applications of the gene probes. Five non

homologous probes representing >20% of the total BP genome 

were tested in dot blot and in situ hybridization assays. 

Four different dot blot hybridization assay systems were 

evaluated. Results obtained from radioactive labeling of the 

probes indicate that the probes are specific for BP DNA, while 

the results obtained from the three non-radioactive labeling 

systems suggest problems with non-specific reactivity and 

sample preparation for these methods. The results also 

indicated that in situ hybridization is presently the optimum 

assaying system for BP gene probes. The BP gene probes were 

used with an in situ hybridization assay to gather initial 

data concerning the mode of transmission for BP. 
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INTRODUCTION 

Aquaculture 

Aquaculture may be defined as the farming and husbandry 

of freshwater and marine organisms for food and/or profit 

(Bardach et al.f 1972) . It has been utilized for thousands of 

years by many different cultures for small volume food 

production. However, it has only been in the last three 

decades that the science of aquaculture has sparked 

international interest as a commercial venture. The elevated 

interest in aquaculture is a result of an increase in consumer 

demand for aquatic products with a corresponding depletion of 

availability due to over harvesting of the natural resources. 

Aquaculture has the potential of becoming as commonplace and 

profitable as traditional agriculture is today. Many benefits 

are derived from utilization of aquaculture, such as better 

usage of available resources, greater control over the quality 

of products offered, more consistent product availability, and 

the ability to selectively produce the items that are in 

highest demand. 

There is a wide variety of aquatic organisms cultured 

presently for commercial marketing. Seaweed, primarily 

cultured in the Orient, is commonly used as food, fertilizer, 

or a source of colloids for industrial uses (Borgese, 1980). 
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Cultured mollusks include snails, clams, mussels, oysters, and 

abalone. While these animals are predominately raised for 

food, their shells can be ground up for a variety of other 

functions. For example, ground-up mussel or oyster shell is 

often used as fertilizer, chicken feed, or implanted into 

oysters to serve as a nucleus for induced pearl formation 

(Borgese, 1980). 

Of all aquatic animals, fish are the most commonly 

cultured, using a wide range of methods. Trout and bass are 

frequently stocked into lakes for pay fishing, while fish such 

as catfish and tilapia are raised in ponds to be sold fresh or 

frozen to dealers. Salmon ranching involves raising juvenile 

fish (fry) to an appropriate size in a hatchery before 

releasing them into the environment. Adult fish are then 

harvested each year from the area of release, capitalizing on 

the salmons natural homing instinct. A certain percent of the 

captured salmon are then used to provide progeny to continue 

the cycle, while the majority are harvested for profit. Other 

edible fish that are cultured include carp, milkfish, 

yellowtail, and seabass. There is also a market for cultured 

tropical fish which are sold as pets (Landau, 1992). 

Other less commonly cultured animals include eels, 

alligators, frogs, and turtles, which are used for their meat, 

skin, and shells (Landau, 1992). Cultured crustaceans include 

crabs, lobsters, crayfish, prawns, and shrimp. Lobster and 
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crab culturing is difficult and thus rarely practiced, due to 

the aggressive and cannibalistic nature of the animals. The 

production of crayfish, which has a ready market in Europe, is 

common in the southern U.S. states (Pillay, 1990). The 

cultivation of prawns, (referring to the freshwater 

organisms), and shrimp, (referring to their marine 

counterparts), occurs in many parts of the world. The 

countries that are the primary producers of shrimp are 

Thailand, China, Indonesia, Ecuador, and India (Rosenberry, 

1992) . 

Commercial Aquaculture of Penaeid Shrimp 

As with most marine products, the production of farmed 

shrimp has increased substantially in the last 10 years. In 

fact, the marked rise across the globe has been termed 

"phenomenal" (Wickens, 1986). In 1992, commercially 

cultivated shrimp accounted for 28 percent of the world 

market, compared to a reported 2 percent in 1980 (Rosenberry, 

1992). Estimates place farm-raised shrimp as capturing 50% of 

the world market by 1995 (Rosenberry, 1990), if the demand and 

the improvement of aquaculture technology continue on their 

current upward trend. 

Of all the shrimp harvested world-wide, 80% are penaeid 

shrimp, while the remaining 20% are caridean (Dore and 
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Frimodt, 1987). Within the family Penaeidae is the genus 

Penaeus, which contains the largest percent of economically 

important marine shrimp species cultured and harvested world

wide. There are 26 species of economic importance in the 

genus Penaeus, which include the commonly cultured giant tiger 

shrimp (P.monodon), Chinese white shrimp (P.chinensis) , 

Western white shrimp (P.vannamei), Pacific blue shrimp 

(P.stylirostris) , and Japanese shrimp (P.japonicus) 

(Rosenberry, 1992). 

There are three different methods, as outlined by Wyban 

and Sweeney (1991), commonly used to culture penaeid shrimp: 

extensive, semi-intensive, and intensive. Extensive shrimp 

farming typically utilizes natural resources available in the 

area for impoundment, water exchange, and food. This type of 

shrimp farming is practiced most frequently in Asian 

countries. It has the lowest stocking density of shrimp per 

hectare (1-5 shrimp/m2), thus requiring the least amount of 

labor and almost no day-to-day management. It produces the 

lowest yield of shrimp per crop, about 50-1000 kg/hectare. 

Semi-intensive farming usually combines technology with 

the available natural resources. Ponds can be constructed for 

holding the animals, pumps may be used to assist in water 

exchange, and nutritive sources from the environment (algae, 

protozoan) may be supplemented with commercial feeds. 

Stocking densities are moderate, about 5-20 shrimp/m2, while 
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the production rate is about 1000-5000 kg/hectare per crop. 

The last type of culture system is referred to as 

intensive. Shrimp are usually raised in small ponds or large 

tanks, with a stocking density of 20-100 shrimp/m2. This type 

of system requires a large amount of labor, supervision, and 

capital. Commercial feeds are usually provided as the sole 

source of nutrition, which requires careful management to 

prevent the accumulation of excess food in the system. Water 

parameters must be monitored constantly and aeration must be 

provided to insure a sufficient quantity of oxygen. However, 

a successful intensive system can provide several crops of 

shrimp per year, with a production rate of 5000-20000 

kg/hectare. A fourth method known as super-intensive does 

exist (Lightner et al., 1992), however, it has not been 

successfully implemented for commercial shrimp culturing. 

Life Cycle of Penaeid Shrimp 

The life cycle of the marine shrimp begins when eggs are 

released by the female and fertilized by packeted sperm 

previously deposited by the male. The eggs hatch 

approximately 12 hours after spawning into the first larval 

stage, called nauplii. After about 11 days, metamorphosis 

occurs and the larvae advance to the next stage, called 

protozoea. This stage lasts about 5 days before the larvae 
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progress into the mysis stage. After 4 more days, the larvae 

become postlarvae, a stage that lasts 1-3 weeks. The 

postlarvae eventually become juveniles, then sub-adults, and 

finally, adult shrimp (Chen and Ramos, 1989). 

The many different ways to culture marine shrimp are 

related to their life cycle. Broodstock, or adult shrimp, may 

be maintained in a facility for breeding purposes, and the 

eggs hatched to various stages in the life cycle (Wyban and 

Sweeney, 1991). Larvae may be sold to other existing shrimp 

farms, or may be raised to adult size for sale on the market. 

Another option is to seasonally harvest wild larvae, and raise 

them out to marketable size (Apud et al., 1983). 

Many factors must be considered in choosing the method of 

culture. Each life stage has different requirements 

concerning food, holding facilities, and stocking capacity. 

Broodstock are fed a pelleted diet, and must exist in 

undisturbed areas to promote breeding. Eggs must be collected 

continually and transferred to a hatchery, preferably a 

separate building that contains facilities for raising pure 

strains of algae, the food source of larval shrimp. Post

larvae are transferred to nursery tanks, and fed live Artemia 

(brine shrimp). Juveniles are usually fed a pelleted diet, 

available in size gradations, until they reach marketable size 

(New, 1990). 

A shrimp facility that deals with many aspects of the 
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life cycle is representative of the intensive shrimp growout 

system. The advantage of this type of shrimp farming is that 

it offers the opportunity for constant generation of a product 

in demand because of the environmental control that is used. 

It also allows for careful supervision of the end product, 

since variables are constantly monitored. At the same time, 

intensive farming methods also provide the ideal opportunity 

for the emergence of viral diseases that affect shrimp. If a 

shrimp facility is not entirely self-contained, viruses can be 

introduced by arrivals of contaminated shrimp, water, 

equipment, or other materials. The high density of animals in 

a finite allotment of space produces a stress-filled 

environment where disease agents can be rapidly transferred 

from one animal to another (Johnson, 1978). Additionally, the 

spread of many viruses through a common water system or via 

the transfer of animals from one area to another can further 

devastate a hatchery population. Disease problems can 

virtually wipe out populations in some hatcheries, or severely 

affect production in others. 

Viral Diseases of Penaeid Shrimp 

There are 11 diseases of cultured penaeid shrimp 

presently recognized that are caused by viruses (Lightner, 

1992). A twelfth disease, caused by a virus known as 
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"yellowhead", is in the initial stages of being characterized 

(Asian Shrimp News, 1992). Three of the viruses are believed 

to be parvo-like viruses, containing single-stranded DNA. 

They are: IHHNV = infectious hypodermal and hematopoietic 

necrosis virus; HPV = hepatopancreatic parvo-like virus; and 

LOPV = lymphoidal parvo-like virus. IHHNV, a non-enveloped 

icosahedral virus which now occurs world-wide in cultured 

penaeid shrimp, was first discovered in the blue shrimp 

P.stylirostris (Lightner et al., 1983). HPV, which forms 

intranuclear inclusion bodies, is widely distributed in the 

IndoPacific (Lightner, 1992) and was first reported in several 

different species of penaeid shrimp (Lightner and Redman, 

1985). LOPV, believed to form intranuclear inclusion bodies 

in giant cell formations of the lymphoid organ, was originally 

discovered in cultured shrimp in Australia (Owens et al., 

1991). 

Another two of the viruses infecting penaeid shrimp are 

believed to be reo-like viruses, with a genome composed of 

double-stranded RNA (Tsing and Bonami, 1987; Nash et al., 

1987). They are named REO-III and REO-IV, and are 

differentiated by their distinctly different morphological and 

structural types (Hukuhara and Bonami, 1991; Lightner, 1993). 

The cytoplasmic inclusion bodies have always been found in the 

hepatopancreas of shrimp with dual infections by other viruses 

(Lightner, 1992). One virus, LOW, or lymphoid organ 
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vacuolization virus, is classified as a toga-like virus, with 

a single-stranded RNA genome. It forms intracytoplasmic 

inclusion bodies in the lymphoid organ of several species of 

penaeid shrimp (Bohami et al., 1992). 

The last six viruses known to infect penaeid shrimp are 

classified as baculoviruses, either occluded or non-occluded, 

with a genome composed of double-stranded DNA. The 

previously-mentioned yellowhead virus has been reported to be 

infecting cultured P.monodon in areas across Thailand. It has 

a bacilliform morphology and was observed in the cytoplasm of 

infected host cells (Asian Shrimp News, 1992), however, very 

little else is known about it. 

Baculovirus Infection of Penaeid Shrimp 

Baculoviruses are classified in the family Baculoviridae, 

which contains three subgroups: nuclear polyhedrosis viruses 

(NPVs) or Type A, granulosis viruses (GVs) or Type B, and non-

occluded baculoviruses or Type C (Bilimoria, 1986). Common 

characteristics of the entire family include an enveloped, 

rod-shaped virion which contains a circular, double-stranded 

genome of DNA (Blissard and Rohrmann, 1990). 

Baculoviruses have long been known to infect arthropods, 

such as insects and mites (Adams and McClintock, 1991). In 

1974, rod-shaped viral particles were reported in the 
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hepatopancreas of the pink shrimp, P.duorarum (Couch, 1974a). 

They were placed in the genus Baculovirus based on their 

physical characteristics and cytopathic effects. Since they 

were discovered in the penaeid shrimp, the name Baculovirus 

penaei (BP) was proposed (Couch, 1974b). BP is an occluded 

baculovirus which forms polyhedral inclusion bodies in the 

nuclei of hepatopancreatic tubule epithelial cells, or 

sometimes in the midgut epithelial cells of postlarvae, 

juveniles, and adult shrimp (Lightner, 1992). Recently, Bonami 

et al. (in preparation) proposed the designation PvSNPV (for 

the most "characterized variant, from P .vannamei, in the singly 

enveloped nuclear polyhedrosis virus group) according to the 

guidelines for virus nomenclature as set forth by the 

International Committee on the Taxonomy of Viruses (ICTV). 

However, for the purposes of this paper, the commonly used 

name of BP will be used to designate viruses belonging to this 

group. 

In addition to BP, there are five other recognized 

baculoviruses infecting penaeid shrimp. The second was found 

in the giant tiger shrimp and was subsequently named 

P.monodon-type baculovirus, or MBV, for the species in which 

it was originally found (Lightner and Redman, 1981). MBV 

forms spherical occlusion bodies in the hepatopancreatic 

tubule and duct epithelium of postlarvae, juveniles, and adult 

shrimp. A baculovirus found in 1987 infecting the Australian 
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shrimp P.plebejus and named Plebejus Baculovirus or PBV 

(Lester et al., 1987), is an agent similar to MBV. Other than 

its presence in a new host, it varies little from MBV and is 

believed to be a different strain of MBV; thus it is usually 

placed in the same category. The third baculovirus was 

discovered in P.japonicus, and was named baculoviral midgut 

gland necrosis or BMN (Sano et al., 1981). BMN does not form 

specialized inclusion or occlusion bodies, making it a Type C 

baculovirus. The remaining two baculoviruses recognized are 

also Type C baculoviruses: Type C baculovirus of P.monodon, or 

TCBV (Brock and Lightner, 1990), and hemocyte infecting 

baculovirus of P.monodon and P.esculentus, or HB (Lightner, 

1992). 

Baculovirus penaei (BP) 

Since discovery of the first infection in P.duorarum in 

1974, Baculovirus penaei has been found to infect many species 

of penaeid shrimp, most notably P.vannamei, P.stylirostris, 

and P.aztecus. It has a widespread distribution in both wild 

and cultured penaeids in the Americas, ranging along the 

Pacific and Atlantic coast of North, Central and South 

America, along the northern coast of the Gulf of Mexico, and 

around the islands of Hawaii and of the Caribbean (Lightner, 

1993). New species of penaeids susceptible to infection with 
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BP are still being identified. Lightner diagnosed a BP 

infection in the shrimp P.schmitti and P.penicillatus from 

Brazil in 1985 (Lightner et al., 1989). Confirmation of the 

extensive geographical range of BP was made in 1990 when it 

was found to infect the brown shrimp P.subtilis in the 

northeastern region of Brazil (Bueno et al., 1990). Research 

by LeBlanc et al. (1991) suggests that certain species of 

penaeid shrimp may be more resistant to BP infection than 

others. As noted by Lightner and Redman (1991), different 

strains of BP may actually exist, some of which are highly 

pathogenic to certain penaeid species, while being of little 

concern to other species. 

Baculovirus penaei belongs to the subgroup of nuclear 

polyhedrosis viruses, also known as Type A baculoviruses. A 

paracrystalline protein lattice forms around the virions, 

creating a viral occlusion that protects the agent against 

harsh environments. The protein making up the lattice is 

called polyhedrin, and is composed of a single polypeptide 

(Adams and McClintock, 1991). The polyhedrin inclusion bodies 

(PIBs) of BP, also referred to as tetrahedral occlusion bodies 

(TOBs), range in size from 0.5 - 12 um and can be viewed using 

a light microscope. The nonoccluded BP nucleocapsids are 

approximately 59 nm wide and 288 nm long (Couch, 1974a). 

The target tissues for BP are the epithelial cells of the 

hepatopancreas and midgut (Lightner, 1992). The virions are 
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believed to gain access to cells via fusion to sites available 

on the host cells. Viral DNA is then injected through a 

nuclear pore into the host cell nucleus, where it is 

integrated with the host cell genome. Replication of virions 

and the tetrahedral occlusion bodies is then initiated, which 

is marked by distinct morphological changes of the host cell. 

The stage known as early or eclipsed infection is 

characterized by hypertrophy of the host cell nucleus, 

diminishing of the chromatin, and occurrence of areas of 

granular and fibrillar stromata as the nucleoplasm is 

separated into various regions. The appearance of 

nonoccluded, unenveloped and enveloped virions at various 

levels of maturation is accompanied by nuclear and cytoplasmic 

changes which all denote an intermediate infection (Couch, 

1991). Outer nuclear membrane proliferation becomes obvious 

and the Golgi and endoplasmic reticulum (ER) become dilated, 

forming a large and complex structure known as the membranous 

labyrinth (ML). The exact role of the ML is unknown, although 

it is possible that it serves as a transport system for 

materials necessary for viral assembly and provides for 

increased ATPase activity for viral reproduction. A third 

possibility is that it assists in the release of mature 

virions and occlusion bodies from lysed host cells when virus 

replication is complete (Couch, 1989). An advanced infection 

is marked by the occlusion of mature virions and 
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paracrystallization of the tetrahedral occlusion body (Couch, 

1991). Unoccluded virions and tetrahedral occlusion bodies 

are released from lysed epithelial cells into the lumen of the 

midgut, where they are passed out the anus with the feces. 

BP can cause serious epizootics in the larval and early 

postlarval stages of susceptible species, resulting in high 

mortality rates in cultured penaeids (Lightner, 1992). 

Disease due to BP infection may occur in protozoeal through 

adult life stages. Transmission is thought to be horizontal 

and is believed to be primarily, if not exclusively, via an 

oral route. Infection of off-spring by the parent is 

apparently from contamination of eggs by virus-laden feces. 

Shrimp to shrimp infection of BP, as well as other related 

penaeid baculoviruses, is known to occur by fecal-oral 

contamination or from cannibalism (Momoyama, 1988; LeBlanc and 

Overstreet, 1990; Natividad, 1991). 

Diagnosis of BP Infection 

An acute BP infection may be diagnosed by observation of 

the tetrahedral occlusion bodies in unstained wet-mount 

preparations of hepatopancreas, midgut, or feces of infected 

shrimp. TOBs may also be observed in stained histological 

sections, particularly hematoxylin and eosin (H & E) stained 

sections where they appear as eosinophilic, usually 
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triangular, inclusion bodies in the nuclei of hepatopancreatic 

tubule epithelial cells (Lightner, 1992). Infected nuclei 

become markedly hypertrophied, containing one or more of the 

TOBs. The chromatin of infected nuclei becomes marginated, 

forming what appears as a ring. Transmission electron 

microscopy (TEM) of infected cells reveals numerous rod-shaped 

baculoviruses, both free and occluded. 

Another method that can be used in the diagnosis of BP is 

the bioassay technique, where tissue believed to be infected 

with BP is fed to uninfected healthy indicator shrimp. The 

animals are then examined periodically for development of BP 

TOBs. Overstreet et al. (1988) successfully induced 

experimental infections of BP in P.vannamei by feeding virus-

contaminated material to rotifers, which were in turn fed to 

shrimp larva. Prevalence of the experimentally infected 

shrimp was close to 100%, with 80-90% infection of 

hepatopancreatic tubular cells of individual shrimp examined 

by light and transmission electron microscopy. While this 

bioassay method proves conclusively that the tissue contained 

viable virus, it also requires special holding facilities for 

live shrimp and can be very time-consuming to perform, usually 

requiring several days or weeks to complete. 

In 1986, an enzyme-linked immunosorbent assay (ELISA) was 

developed for detecting Baculovirus penaei (Lewis, 1986) . The 

ELISA technique is a rapid and sensitive method at detecting 



25 

viruses; however, it requires antibodies specific to the virus 

of interest. Antibodies are usually collected from mammalian 

hosts which have been previously inoculated with purified 

viral preparations. In the research done by Lewis, antibodies 

produced to BP detected "virus diluted in shrimp tissue" to 10 

ng virus protein/100 ul sample. However, there was no further 

research to indicate that the antiserum was ever tested 

against infected and non-infected crude tissue extracts, to 

determine its use as a diagnostic tool. 

Tissue culture is another commonly used viral diagnostic 

tool, where a homogenized preparation suspected to contain a 

virus is applied to a susceptible cell line. The cells are 

then observed for resulting abnormalities and mortalities. 

Cell lines can also be infected with a virus and used as a 

replication method to obtain large quantities of the virus for 

research purposes. However, despite attempts to develop a 

stable cell line (Chen et al., 1986; Luedeman and Lightner, 

1989), none have been established for marine shrimp. Attempts 

have also been made to develop a cell line from BP-infected 

hepatopancreatic cells, in hopes that the virus might 

replicate (Ellender et al., 1989; McGuire et al., 1988). 

However, despite the fact that naturally BP-infected primary 

cells were evident, the cell monolayers could not be 

maintained for more than a couple of months. Attempts to 

infect established insect cell lines with BP were alluded to 
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(Couch et al., 1975), but were never reported, indicating that 

the experiments were unsuccessful. 

Obtaining BP Virus 

Despite the fact that BP is a significant disease problem 

affecting cultured penaeid shrimp, much is unknown about the 

virus itself. This is primarily due to the fact that it is 

difficult to obtain a significant quantity of purified virus 

and/or purified BP DNA (Summers, 1977; Bruce et al., 1991). 

The bioassay system designed by Overstreet et al. (1988) 

allows for the production of large quantities of BP-infected 

material for research purposes. However, it does not eliminate 

the problem of obtaining enough purified virus and/or purified 

BP DNA to adequately conduct research. 

Recombinant techniques developed in the last decade offer 

several solutions to the problem of having a limited quantity 

of nucleic acid. One such solution is the amplification of 

nucleic acid. One of the most common procedures used to 

amplify DNA in nucleic acid research is that of "cloning". 

Cloning refers to the recombination of DNA fragments of 

interest with a useable vector, such as bacteriophage lambda 

or a plasmid vector (Maniatis et al., 1982). The newly-formed 

plasmid is used to transform specially prepared bacterial 

cells. Due to the rapid replication cycle of bacteria, the 
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DNA fragment in the plasmid can be multiplied in a very short 

time period. The plasmid is then purified from the bacterial 

cells, and the DNA fragment excised. In this manner, large 

amounts of the entire genome can be obtained in the form of 

smaller DNA fragments. A successful cloning was performed on 

the digested genome of IHHNV (Mari et al., 1992; Mari et al., 

"in press" 1) and MBV (Mari et al., "in press" 2). The DNA 

fragments obtained from a cloning can be used to simplify 

characterization of the genome by restriction mapping or 

sequencing, or the pieces can be used as hybridization probes. 

Gene Probes 

Probes are derived by labeling DNA fragments obtained 

from a genome of interest. The labelled DNA fragments can 

then be hybridized to DNA that has been immobilized on a 

substrate. This includes dot blots, Southerns, plaque assays, 

and fixed tissue sections. The DNA pieces to be used as 

probes can be labelled radioactively or non-radioactively. 

Radioactive labeling is done by incorporating radioactively 

labelled nucleotides in the probe by the random prime method. 

Radioactive emission by bound probe is detected on x-ray film. 

It is the most sensitive method; however, it also requires 

special handling and training (Maniatis et al., 1982). 

There are numerous methods available for non-radioactive 
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labeling, utilizing both direct labeling of the DNA and 

incorporation by the random prime method. Substances that are 

commonly used as labels include horseradish peroxidase, 

biotin, digoxigenin, and fluorescein. Detection occurs either 

by the initiation of a luminol activated light emission which 

is picked up by x-ray film, or by observation of the formation 

of a colored precipitate, depending on the system used. 

Systems using the random prime DNA synthesis method generally 

incorporate a label in the DNA fragment (or probe) that is 

detected by a secondary antibody bearing a label that 

concludes the reaction. Direct labelled DNA takes advantage 

of chemical crosslinks that are formed between the labeling 

reagent and the DNA fragments. The labeling reagent is then 

broken down by a chemical reaction that indicates which 

samples contain target DNA (Boehringer Mannheim, 1992). 

The use of nucleic acid probes to detect viruses has been 

utilized for many different diseases. Nucleic acid probes 

have successfully been applied to the field of aquatic 

bacteriology for use in detecting pathogenic bacteria 

infecting fish (Vivares and Guesdon, 1992). A nonradioactive 

DNA probe assay has also been developed which detects 

infectious hematopoietic necrosis virus of salmonids (Deering 

et al., 1991). Nonradioactively labelled gene probes have 

recently been developed that detect IHHNV in crude shrimp 

homogenates and fixed tissue sections (Mari et al., 1992; Mari 
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et al., "in press" 1). Gene probes have also been developed 

for MBV using PCR amplification of purified MBV DNA (Vickers 

et al.f "in press"). 

The development of gene probes to BP offer many 

possibilities for application as a research and diagnostic 

tool. Gene probes offer the opportunity for detection of BP 

nucleic acid in a variety of samples, including crude 

homogenates, semi-purified preparations, and fixed tissue 

sections. They also may provide a method for early detection 

of BP infections, before tetrahedral occlusion body formation 

and observable cell abnormalities. Thus, the possibility 

exists for detection of the virus before transmission occurs. 

Additionally, gene probes could be used to investigate 

possible strain differences of BP. Gene probes developed to 

MBV have already been used to determine a limited homology to 

the insect baculovirus Autographa californica multiple nuclear 

polyhedrosis virus or AcMNPV (Vickers et al., "in press"). 

The homology of BP to other baculoviruses, both those 

infecting shrimp and those infecting insects, could be 

determined. The possibility of vertical transmission of BP 

has never been completely eliminated as a mode of infection. 

Gene probes could be used to establish the presence or absence 

of BP DNA in the gonadal tissues of infected shrimp, thus 

resolving the question on this mode of transmission. There 

are many ways in which gene probes to BP can be applied to 
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further the knowledge about this virus. 

The primary objectives of the research results presented 

in this thesis were as follows: 

1. Clone digested genomic DNA from Baculovirus 

penaei. 

2. Develop gene probes from DNA fragments obtained from 

the cloning. 

3. Determine various applications of gene probes to BP. 
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PARTIAL CHARACTERIZATION AND CLONING OF THE GENOME 
OF THE MARINE SHIRMP VIRUS, BACULOVIRUS PENAEI 

Introduction 

The occurrence of nuclear polyhedrosis viruses (NPVs) in 

marine shrimp of the genus Penaeus has been known for several 

years, having been first described in wild populations and 

later in cultured shrimp. The pathogenicity of the NPVs has 

been underlined by the high rate of larval mortalities 

encountered in hatcheries. NPVs infecting marine shrimp have 

been reported from 13 penaeid species belonging to five 

subgenera. One of the NPVs is widely distributed in several 

separate regions of the Americas: Hawaii, the Eastern Pacific 

coast, the Atlantic and Caribbean coasts of South and Central 

America, and the Gulf of Mexico (Brock and Lightner, 1990), 

and it was the first baculovirus reported from shrimp. The 

virus, named Baculovirus penaei (BP), was discovered in the 

pink shrimp Penaeus duorarum (Couch, 1974a). It is, to date, 

the most extensively researched of the penaeid baculoviruses, 

and the only one accepted by the International Committee on 

Taxonomy of Viruses (ICTV) as a member of the Baculoviridae 

family (Johnson and Lightner, 1988). It was accepted 

essentially on the basis of its morphological features and on 

the demonstration that its genome was a large circular DNA 
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molecule, about 75 x 106 d (Summers, 1977). This paper 

reports on partial characterization, data, and cloning of the 

genome, using BP DNA purified from infected P.vannamez. 

Materials and Methods 

Experimental animals. - White shrimp, Penaeus vannamei, 

were obtained from Dr. James Brock, Anuenue Fisheries Research 

Center, Aquaculture Development Program, State of Hawaii, 

Honolulu. The hepatopancreas, weighing approximately 0.8-2.0 

g, was excised from each animal while frozen and shipped on 

dry ice. Infection with BP was confirmed by visualization of 

tetrahedral occlusion bodies (TOBs) using light microscopy, 

and observation of virions with a Hitachi HU-12 transmission 

electron microscope (TEM). 

Viral purification. - The viral purification procedure 

used was described by Bonami et al. (in preparation). Shrimp 

hepatopancreata were homogenized in a solution of TN buffer 

(lx = 0.02 M Tris-HCl, 0.4 M NaCl, pH 7.4) using a hand-held 

glass/teflon tissue grinder (Baxter, Tempe, AZ). The 

homogenate was then centrifuged for 10 min at 746 g with a 

Sorvall SS34 rotor to clarify the suspension. The pellet was 

used in an attempt to purify TOBs, while the supernatant was 

used to purify virions. For TOB purification, the pellet was 

resuspended in a small volume of TN, layered on to a 40-65% 
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(w/w) sucrose gradient and centrifuged for 30 min at 112,400 

g with a Sorvall AH629 swinging bucket rotor. The band 

containing the TOBs was removed by hand using a Pasteur pipet, 

diluted with TN, and pelleted for 45 min at 208,500 g with a 

Sorvall TH641 swinging bucket rotor. The resulting pellet was 

resuspended in TN, layered onto a 21-41% CsCl gradient and 

centrifuged for 1 h at 224,600 g with a Sorvall T647.5 fixed 

angle rotor. Fractions were removed from the gradient using 

an auto densi-flow gradient fractionator (Buchler, Lenexa, 

KS), passed through an absorbance detector (Isco UA-5, 

Lincoln, NE) coupled with a fraction collector, and the 

results recorded at an optical density of 254 nm. Bands of 

interest were diluted with TN and pelleted for 35 min at 

153,200 g with a Sorvall TH641 rotor. 

Supernatant containing the virions (from the original 

clarification, see above) was centrifuged for 30 min at 47,800 

g with a Sorvall SS34 rotor, resuspended in TN buffer, and 

layered on a 30-50% linear sucrose gradient. The gradient was 

centrifuged for 1 h at 106,400 g with a Sorvall TH641 rotor. 

Fractions were removed as described above. Peaks potentially 

consisting of concentrated amounts of virus were pooled, 

diluted with TN buffer, and pelleted by centrifugation for 35 

min at 143,200 g with a Sorvall TH641 rotor. The supernatant 

was discarded and the pellet was resuspended in 0.5 ml of TN 

buffer. The resuspended pellet was layered onto a 21-41% 
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(w/w) linear CsCl gradient, and centrifuged for 1.3 h at 

135,900 g with a Sorvall T647.5 rotor. Fractions were removed 

as described above using the fraction collector, and the 

results recorded. Peaks were noted and the corresponding 

fractions were diluted 4-5x with TN buffer and centrifuged for 

30 min at 208,500 g with a TH641 rotor to eliminate 

contaminating CsCl in the preparation. The pellet resulting 

from the centrifugation was resuspended in 300 ul of TN. Each 

preparation was then applied to a carbon-collodion grid, 

negatively stained using 2% sodium phosphotungstate (PTA), pH 

7.0, and observed on a Hitachi HU-12 transmission electron 

microscope (TEM). 

Buoyant density of BP. - Buoyant density of both virions 

and TOBs was separately determined by measurement of the 

refractive index of each two fractions collected after 

layering on a preformed 21-41% CsCl gradient in TN buffer, 

which was centrifuged for 14 h at 25,000 rpm with a Sorvall 

TH641 rotor. 

DNA extraction. - After confirmation of viral quantity by 

TEM, DNA was extracted from the purified preparation of virus. 

The procedure used for DNA extraction from the purified BP 

virions was the same as described (Bonami et al., 1990), with 

reaction times doubled. Pre-activated proteinase K (Gibco 

BRL, Gaithersburg, MD) was added to the preparation at a final 

concentration of 50 ug/ml and incubated for 1 h at 37°C. N-
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lauroylsarcosine or "Sarkosyl" (Sigma, St.Louis, MO) was added 

to a final concentration of 0.5%, and the sample incubated at 

65°C for 2 h. The sample was extracted one time 1:1 with 

buffer-equilibrated phenol, one time 1:1 with 

phenol/chloroform/isoamyl alcohol (25:24:1), and twice 1:1 

with chloroform/isoamyl alcohol (24:1). The aqueous phase was 

transferred to a fresh tube, 1/10 volume of 3 M sodium acetate 

and 2x volume of absolute ethanol (EtOH) was added, and the 

solution mixed. The solution was placed at -30°C overnight. 

The solution was pelleted at 10,000 rpm for 10 min, the 

supernatant discarded, and the pellet washed with 70% EtOH. 

The pellet was left at room temperature (RT = approximately 

25°C) to air dry for 3-18 h, before being resuspended in a 

small volume of O.lx TE buffer (lx = 0.01 M Tris-Cl, 0.001 M 

EDTA, pH 8.0). Purified DNA was subjected to electrophoresis 

on a 1% TBE (lx = 0.089 M Tris, 0.089 M boric acid, 0.002 M 

EDTA) agarose gel prepared with ultrapure DNA-grade agarose 

(BioRad Labs, Hercules, CA) and ethidium bromide/EtBr (Sigma), 

then viewed on a DV light box (Fotodyne Inc., New Berlin, WI) 

to quantify. 

Restriction digestion. - Purified DNA was digested to 

completion using the restriction endonuclease BamHI 

(Boehringer Mannheim, Indianapolis, IN). One ug (10 units) 

BamHI in B buffer (lx = 0.001 M Tris-HCl, 0.01 M NaCl, 0.0005 

M MgCl2, 0.0001 2-mercaptoethanol, pH 8.0) was used to digest 
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approximately 0.5 ug of DNA. Ribonuclease A (Sigma) was added 

to the digestion at a concentration of 4 ug/ml. The digestion 

reaction was incubated at 37°C for 3 h, then placed in a 75°C 

water bath for 10 min to inactivate the BamHI and the RNase A. 

The resulting pieces of DNA were subjected to electrophoresis 

on a 1% TBE agarose gel with EtBr, then viewed on a UV light 

box. Individual bands were manually cut from the gel using a 

scalpel, and placed in sterile Eppendorf tubes. 

Purification of DNA bands from agarose. - DNA bands 

excised from an agarose gel were purified using the GENECLEAN 

II kit (BIO 101 Inc., La Jolla, CA) according to the 

manufacturer's instructions. The approximate volume of each 

gel slice was determined from the weight of the gel slice (1 

gm equaling approximately 1 ml). TBE modifier was added to 

0.5 volume, and Nal was added to 4.5 volume. The tubes were 

placed at 55°C for 10 min, inverting the tubes occasionally to 

mix. Five ul of GLASSMILK (BIO 101 Inc.) was added to each 

tube, the solution mixed and placed on ice for 5 min, with 

additional mixing every 1-2 min. The silica matrix was 

pelleted using centrifugation at 10,000 rpm for 10 sec in a 

Sorvall Microspin 24S microfuge (Du Pont, Wilmington, DE). 

The Nal supernatant was discarded. The pellet was washed 

three times with 500 ul of ice cold NEW WASH (BIO 101 Inc.), 

centrifuging after each wash to pellet the silica matrix. 

After the supernatant from the third wash was removed, the 
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tube was centrifuged using the microfuge again, and any 

remaining liquid pulled off using a fine tipped micropipet. 

The pellet was then resuspended in 5 ul of TE buffer and 

placed at 55°C for 3 min. The solution was centrifuged at 

10,000 rpm for 30 sec, and the supernatant carefully pulled 

off and placed into a sterile Eppendorf tube. The pellet was 

resuspended in a second aliquot of 5 ul TE, and the process 

repeated. The first and second aliquots were combined, and 1 

ul was subjected to electrophoresis on a 1% TBE agarose gel 

with EtBr, then viewed on a UV light box to quantify the 

amount of DNA obtained. 

Competence of E.coli cells DH5-alpha. - E.coli DH5-alpha 

bacteria cells were streaked for isolation onto a Luria broth 

agar plate (1% tryptone, 0.5% yeast extract, 0.5% NaCl, 1.5% 

agar, 0.001 M NaOH, pH 7.5), using aseptic technique. The 

plate was incubated at 37°C overnight. A single colony was 

picked for inoculation of a 5 ml test tube of Luria broth 

(same formula as for Luria broth agar, minus agar) using a 

sterile wooden toothpick. The tube was incubated at 37°C for 

2 h with shaking. The cells were then subcultured 1:20 into 

50 ml of Luria broth, and grown at 37°C for 3 h with shaking. 

The broth culture was poured into cold, sterile Oakridge tubes 

and chilled on ice for 5 min. Cultures were centrifuged at 

6000 rpm, 4°C, for 5 min. The resulting supernatant was 

decanted and discarded. The pellet of cells was resuspended 
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in 20 ml of cold Tfb I (0.03 M potassium acetate, 0.1 M RbCl, 

0.01 M CaCl2, 0.05 M MnCl2, 15% glycerol, pH 5.8) and chilled 

on ice for 5 min. The mixture was centrifuged at 6000 rpm, 

4°C, for 5 min, and the supernatant decanted and discarded. 

The cells were resuspended in 2 ml of cold Tfb II (0.01 M 3-N-

morpholinopropanesulfonic acid or MOPS, 0.075 M CaCl2, 0.01 M 

RbCl, 15% glycerol, pH 6.5) and chilled on ice for 15 min. 

The cells were pipetted into cold, sterile Eppendorf tubes, 

200 ul per tube. The tubes were labelled and stored at -70°C. 

Preparation of pUC 18 vector. - The plasmid pUC 18 

(Sigma) was digested to completion with BamHI, which was 

confirmed by visualization following agarose gel 

electrophoresis. Ten (10) ug of the pUC 18 vector was 

dephosphorylated to prevent ligation of the vector ends to 

each other, using alkaline phosphatase from calf intestine 

(Boehringer Mannheim) in a buffer (lx = 0.5 M Tris, 0.01 M 

MgCl2, 0.001 M ZnCl2, 0.01 M spermidine). The mixture was 

placed in a 37°C water bath for 1 h, then placed in a 75°C 

water bath for 10 min to deactivate the enzyme. 

Ligation of BP genome to pUC 18 vector. - Pieces of the 

BP genome obtained from the BamHI digestion were ligated to 

the dephosphorylated and BamHI digested vector pUC 18 using T4 

ligase (Stratagene, La Jolla, CA) supplemented with 0.01 M 

ATP. Two experimental designs were used, one with a 1:1 ratio 

of insert to vector, and the other with a 2:1 ratio of insert 



39 

to vector. Four controls were set up consisting of: 1) no 

insert DNA, 2) no insert DNA, vector not dephosphorylated, 3) 

no insert DNA, vector not digested, and 4) no insert DNA, no 

vector DNA. The reactions were left at 15°C overnight, then 

treated at 75°C for 10 min to inactivate the T4 ligase. 

Transformation of E.coli DH5-alpha with liqated plasmid. 

E.coli DH5-alpha bacterial cells, that had previously been 

made competent, were removed from -70°C and thawed on ice. 

Forty (40) ul of thawed competent cells were added to each 10 

ul ligation reaction. Reaction were stirred gently to mix, 

and chilled on ice for 30 min. The cells were heat shocked at 

42°C for 1 min, then chilled on ice for 2 min, before the 

addition of 360 ul of SOC medium (lx = 2% tryptone, 0.5% yeast 

extract, 0.01 M NaCl, 0.0025 M KCl, 0.02 M MgCl2/MgS04, 0.02 

M glucose) at RT. Cells were then incubated at 37°C for 1 h 

with shaking. Two hundred (200) ul of each reaction was 

spread onto a Luria broth agarose plate containing 50 ug/ml 

ampicillin (Sigma), 80 ug/ml Bluo-Gal (Gibco BRL), and 0.02 M 

isopropyl beta-D-thiogalactopyranoside or IPTG (Fisher 

Scientific, Santa Clara, CA). Plates were incubated at 37°C 

overnight. 

Selection of transformed cells. - Control results were 

examined to assure validity of the transformation experiment. 

Experimental plates were initially examined for growth of 

E.coli bacterial colonies. The plasmid, pUC 18, contains a 
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gene coding for ampicillin resistance, which allows those 

colonies which were successfully transformed to survive on the 

plates. Secondly, the colonies observed were examined for 

white versus blue colony appearance. The plasmid, pUC 18, 

also contains a lacZ gene which codes for beta-galactosidase 

production. This enzyme facilitates the break-down of Bluo-

Gal, producing an end product which colors plasmid containing 

colonies blue. Plasmids which contain a DNA insert disrupt 

the coding region of the lacZ gene fragment and fail to 

produce beta-galactosidase, resulting in the white colony 

appearance. Individual white colonies were selected to 

inoculate 5 ml test tubes of Luria broth containing ampicillin 

at a concentration of 50 ug/ml. Tubes were placed at 37°C 

overnight with shaking. One (1) ml of each culture was 

aliquoted into a sterile Eppendorf tube and 225 ul each of 

sterile glycerol and Luria broth containing 50 ug/ml 

ampicillin was added. The solution was mixed using a vortex 

mixer and placed in a -70°C freezer to maintain as stock 

culture. The remaining 4 ml of each cell culture was used for 

extraction of the plasmid. 

Alkaline lvsis plasmid preparation. - Plasmid DNA was 

extracted and purified from the host E.coli cells using an 

alkaline lysis method. One and one-half (1.5) ml of each 

broth culture was centrifuged in a microfuge at 10,000 rpm, 2 

min, RT. The supernatant was discarded, an additional 1.5 ml 
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of culture was added and centrifuged, and the resulting 

supernatant discarded. Each pellet was resuspended in 150 ul 

of GTE (lx = 0.025 M glucose, 0.025 M Tris-HCl, 0.01 M EDTA, 

pH 8.0), vortexed, and placed at RT for 5 min. Three hundred 

(300) ul of lysis solution (0.2 N NaOH, 1% sodium dodecyl 

sulfate or SDS) was added to each tube, inverted 10x, then 

placed on ice for 5 min. Two hundred twenty-five (225) ul of 

potassium acetate was added, the tubes inverted lOx, and 

placed on ice for 5 min. The solutions were then centrifuged 

at 10,000 rpm, 10 min, at 4°C. The resulting supernatant was 

transferred to a sterile Eppendorf tube, and extracted 1:1 

with phenol/chloroform/isoamyl alcohol (25:24:1). The 

solutions were centrifuged at 10,000 rpm for 1 min to 

completely separate the phases. The aqueous phase was 

transferred to a fresh Eppendorf tube, and the organic phase 

discarded. Two volumes of ice-cold absolute EtOH were added 

to each tube, mixed, and the tube was left for 30 min at RT. 

Each tube was centrifuged at 10,000 rpm for 10 min, RT, and 

the supernatant poured off. The pellets were washed with 70% 

EtOH, then left to dry at RT for 30 min to overnight. Each 

pellet was resuspended in 20 ul TE buffer. 

Screening of plasmids. - Plasmid DNA was electrophoresed 

on a 1% TBE agarose gel and plasmids appearing larger than 1.0 

Kbp (Kilo-basepairs) were selected initially for further 

screening. These plasmids were digested with BamHI to 
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determine if they contained an insert and the size of that 

insert. Plasmids confirmed to be containing an insert larger 

than 1.0 Kbp were digested with the restriction endonucleases 

EcoRI and Hindlll (Boehringer Mannheim) to obtain a 

preliminary map of each insert. 

Results 

Tetrahedral occlusion bodies obtained after the 40-65% 

sucrose gradient were located approximately 4/5 of the way 

down the tube (towards the bottom). Due to a sensitivity to 

CsCl, the majority of the TOBs had dissolved into subunits 

(polyhedrin proteins) exhibiting a buoyant density of 1.305 in 

a 21-41% CsCl gradient made with TN buffer. In an identical 

type of CsCl gradient, the purified free virions formed a band 

of buoyant density equal to 1.265. 

After negative staining, the virions of the "purified 

band" exhibited all the different stages of degradation and 

disruption, underlining their high sensitivity to the PTA, 

which causes osmotic variations due to the negative staining 

procedure. Intact enveloped particles were 312-320 nm in 

length and 75-87 nm in diameter. Some, but very few, appeared 

abnormally long, measuring up to approximately 900 nm in 

length. Regular enveloped virions possessed appendages at 

both extremities, which are believed to be envelope extensions 
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(Figure 1). The end of the nucleocapsids were "capped" with 

a trilaminar structure that is 16-18 nm thick. The 

nucleocapsids demonstrated a "cross-hatched" appearence 

composed of rows of surface structures spaced approximately 6 

nm apart and arranged in a helical pattern, with an angle to 

the long axis of the nucleocapsid. The occlusion body 

subunits (polyhedrin protein) were 17-19 nm in diameter and 

resembled full and empty (PTA penetrated) icosahedral virus 

particles, as indicated with different degrees of PTA 

penetration. These polyhedron subunits were grossly rounded 

in profile, but some appeared obviously six-sided (Figure 2). 

After purified BP DNA was digested with the restriction 

endonuclease BamHI, a small amount of the digested DNA and the 

undigested DNA genome were subjected to electrophoresis on a 

1% TBE agarose gel. The undigested DNA migrated a distance 

corresponding to the first bands of the size marker, i.e. 

demonstrating a size of approximately 21-23 Kbp. Digested DNA 

was resolved in seven bands (A to G, by convention decreasing 

in size), with an estimated size of about 21 Kbp or more, 

11.7, 8.2, 4.8, 4.0, 2.9, and 1.1 Kbp (Figure 3). The first 

band could contain two or three high molecular weight bands; 

moreover, because of the small amount of DNA available, 

possible additional bands of lower molecular weight were not 

evidenced. 

Except for the "A" band, which contained two larger DNA 
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Figure 1 and 2. Transmission electron micrographs. Fig.1. 
Enveloped BP virion demonstrating envelope extensions (scale 
bar = 25 nm) . Fig.2. Polyhedrin protein occlusion body 
subunits (scale bar = 20 nm) . 

12 3 

0.6— 

Figure 3. Agarose gel electrophoresis of BP DNA. Lane 1 = 
marker: lambda DNA cut with Hindlll, size bands in kb to left 
of photograph; lane 2 = uncut BP DNA; lane 3 = BP DNA cut with 
BamEI, approximate size of bands to right of photograph. 
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fragments to be cloned, the DNA contained in the other bands 

(B to G) was recovered from the gel using the GENECLEAN II kit 

and subsequently ligated into the BamHI site of the vector pUC 

18. Subsequently, four libraries were produced by combining 

the B and C bands together, the D and E bands together, and 

leaving the F, G bands separate. Overall, more than 300 

recombinant plasmids were obtained. 

An initial screening demonstrated numerous clones 

containing a recombinant plasmid with two BamHI sites and an 

insert of similar size to the restriction fragments used for 

cloning. Some other clones were found which contained a 

recombinant plasmid with only one BamHI site. 

The cloned bands, size and orientation of the inserts 

obtained and their designation are indicated in Table 1. 

Discussion 

At the ultrastructural level, the study of BP virions by 

TEM after negative staining constitutes the first data 

obtained for this type of pathogen since its discovery. Sizes 

of negatively stained enveloped particles and nucleocapsids 

correspond approximately to the values determined in TEM 

sections by Couch (1974a). Compared with MBV-type virions 

(Table 2), the BP virions are larger in size, except for the 

diameter of the nucleocapsids, which is identical (Mari et 
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Table 1. Characterization of DNA fragments obtained from 
cloning of genomic BP DNA digested with the restriction 
endonuclease BamHI into the vector pUC 18. 

Size estimation 
in agarose gel 

Actual size 
of inserts 

Orientation 
of inserts 

EcoRI/Hindlll 
digest sites 

11.7 Kbp 11.5 Kbp +/- 1/4 

8.2 Kbp 8.4 Kbp +/- 0/5 

8.2 Kbp 8.4 Kbp + 3/4 

4.8 Kbp 4.9 Kbp +/- 3/0 

4.0 Kbp 3.9 Kbp +/- 4/3 

4.0 Kbp 3.9 Kbp +/- 1/3 

2.9 Kbp 2.2 Kbp +/- 1/0 

1.1 Kbp 1.2 Kbp +/- 0/0 
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Table 2. Comparison of the physical characteristics of BP and 
MBV virions. 

BP MBV 

Polyhedra 17-19 nm 22-23 nm 

Nucleocapsids 
Length 306-312 nm 250-269 nm 
Diameter 62-68 nm 62-68 nm 

Enveloped Particles 
Length 312-320 nm 265-282 nm 
Diameter 75-87 nm 68-77 nm 
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al., "in press" 2). 

The BP virions described here possessed the 

characteristic appendages located at each extremity of the 

enveloped virion, that resemble those described for some non-

occluded baculoviruses (Pappalardo et al., 1986; Huger and 

Krieg, 1991). By the helical superficial structure of the 

nucleocapsid and by the two tri-laminar caps that enclose its 

extremities, the BP nucleocapsid resembles those of the Tau 

virus from the marine crab Carinus mediterraneus (Pappalardo 

et al., 1986; Huger and Krieg, 1991) and those of the Oryctes 

rhinoceros baculovirus (Monsarrat, 1978). 

The electrophoretic pattern obtained after digestion with 

the restriction endonuclease BamHI constitutes the first data 

on the structure of the genome. The BP genome is recognized 

to possess at least seven bands, as opposed to the five 

demonstrated by MBV-type virions (Mari et al., "in press" 2). 

Screening of the cloned BamHI digested DNA pieces has revealed 

that two bands (C and E) are double, giving a total of a least 

nine BamHI digested DNA fragments (A to G) with a size of 21-

23 Kbp, 11.5, 8.4, 8.4, 4.9, 3.9, 3.9, 2.2, 1.2 Kbp. The 

eight BamHI digested genomic DNA fragments represent a total 

of 44 Kbp of the entire genome (those of a size 21-23 Kbp were 

too large to be ligated in the pUC 18 vector) . This 

represents approximately 40% of the estimated size of the 

genome, which is 75 x 106 d or 114 Kbp (Summers, 1977). This 



49 

value indicates that the first band obtained from the gel 

electrophoresis is probably triple. 
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APPLICATION OF GENE PROBES TO DETECT BACULOVIRUS 
PENAEI IN SAMPLES USING DOT BLOT HYBRIDIZATION 

Introduction 

Baculovirus penaei (BP) is a virus that infects marine 

shrimp belonging to the family Penaeidae. It was first 

discovered in wild pink shrimp, P.duorarum from the Gulf of 

Mexico (Couch, 1974a). It has since been found to infect 

numerous species of penaeid shrimp, both wild and cultured 

(Lightner, 1985). Infection of susceptible cultured shrimp is 

marked by mass mortalities approaching 100% in the larval and 

juvenile stages. Presently, BP infections are diagnosed by 

observation of characteristic tetrahedral occlusion bodies 

(TOBs) in stained tissue sections of the hepatopancreas (HP) 

and midgut epithelial cells, or in a wet-mount squash of the 

HP or feces (Lightner, 1992). These methods vary in technical 

sophistication, in diagnostic sensitivity, and in the 

requirement for specialized equipment and experienced 

personnel to identify infected cells. 

A cloning of the BP genome into the vector pUC 18 was 

performed (see previous chapter), which resulted in numerous 

inserts of BP DNA. This paper reports on the labeling of 

several BP DNA inserts for use as gene probes. The inserts 

that were chosen to be used as gene probes were labelled by 
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-four different methods, three utilizing non-radioactive 

labeling techniques and one labeling with a radioactive 

isotope. The four systems were tested to determine the 

application for each, when used to label shrimp baculovirus 

DNA fragments and detect corresponding target DNA in a variety 

of samples. 

Materials and Methods 

BP probes. - Five inserts, obtained from the results of 

the genomic cloning of BP, representing >20% of the total 

genome size were chosen to be evaluated for use as gene 

probes. The five inserts that were selected are listed in 

Table 3. 

Mapping with restriction endonucleases. - a complete map 

of each insert was obtained by digestion with the restriction 

endonucleases EcoRI, Hindlll, PstI, SacI, Smal, and Xbal 

(Boehringer Mannheim, Indianapolis, IN) . Digestions with 

single enzymes were performed first, followed by multiple 

enzyme digestions. The results obtained were used to form a 

composite map of restriction sites for the inserts of interest 

(Appendix A). 
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Table 3. Gene probe designations and sizes. 

Probe Designation Size (Kbp) 

B1.23 1.23 

B3.9 3.9 

B4.9 4.9 

B8.4a 8.4 

B8.4b 8.4 
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Labeling of Insert DNA 

The inserts that were chosen to be used as gene probes 

were labelled by four different methods, three utilizing non

radioactive labeling techniques and one labeling with a 

radioactive isotope. The insert DNA was radioactively 

labelled using a kit available from Boehringer Mannheim which 

incorporates phosphorous-32 precursor nucleotides into newly 

synthesized DNA by the random prime method. Radioactive 

emission from probe bound to target DNA was detected on x-ray 

film. 

Two of the non-radioactive labeling methods used kits 

available from Amersham (Arlington Heights, IL) , using the 

technique of enhanced chemiluminescence (ECL). One of these 

methods labelled the insert DNA directly with horseradish 

peroxidase, chemically cross-linked by glutaraldehyde. Probe 

DNA bound to target DNA reduced hydrogen peroxide present, 

oxidizing luminol in the system and causing the emission of a 

blue light that was detected by x-ray film. The second method 

labelled the insert DNA with a random prime system that 

incorporated fluorescein-11-dUTP as a partial replacement for 

TTP during the synthesis of DNA. An anti-fluorescein 

horseradish peroxidase conjugate was bound to the labelled 

DNA, with the final step being the same as for the direct 

method described above. The other non-radioactive labeling 
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method used a kit available from Boehringer Mannheim that also 

labelled DNA using a random prime labeling system. However, 

in this system the DNA was labelled with digoxigenin-ll-dUTP 

(incorporated as a partial replacement for TTP). An anti-

digoxigenin-alkaline phosphatase was bound to the labelled 

DNA, which was visualized by a 5-bromo-4-chloro-3-

indolylphophate (BCIP) oxidation coupled with a nitroblue 

tetrazolium chloride (NBT) reduction that causes the formation 

of a blue-purple precipitate. 

The four systems, and the results of the systems, were 

tested to determine the application for each, when used to 

label shrimp baculovirus DNA and detect corresponding target 

DNA in a variety of samples. 

Random prime labeling with radiation. - The purified BP 

insert was diluted with sterile double-distilled water (ddH20) 

to a concentration of 25 ng/ul. The DNA was sheared by 

passage lOx through a 21 gauge needle, and denatured by 

boiling for 10 min followed by quenching on ice for 5 min. 

One (1) ul of purified BP insert was used as a template for 

each labeling reaction. The following components were then 

added: 3 ul of nucleotide mix, 2 ul of primers, 0.5 ul of 

Klenow enzyme (Stratagene), 5 ul phosphorous-32 (dCTP or dATP 

3000 ci/min) , and sterile ddH20 to make up the total to 20 ul. 

The solution was mixed by gently stirring with a pipet tip, 

then incubated 45 min at 37°C. After incubation, labelled DNA 
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was separated from unincorporated nucleotides by a Sephadex G-

50 drip column with TE (Struhl, 1987). Labeling of the DNA 

was verified by the reading of a scintillation counter. 

Direct labeling with horseradish peroxidase. - The 

purified BP insert was diluted with sterile ddH20 to a 

concentration of 10 ng/ul. The DNA was denatured by boiling 

for 5 min, then quenching on ice for 5 min. An equal volume 

of labeling reagent was added, mixed, followed by the same 

volume of glutaraldehyde. The solution was incubated at 37°C 

for 10 min. The solution was centrifuged for a few seconds to 

concentrate the volume in the bottom of the tube, then placed 

on ice until used. If the labelled probe was not used within 

the next 15 min, glycerol was added to 50% and the probe was 

placed at -20°C. Previously labelled probes were stored in 

this manner. Labelled probes were diluted and tested to 

determine the concentration of the labeling. 

Random prime labeling with fluorescein. - The purified 

BP insert was diluted with sterile ddH20 to a concentration of 

5 ng/ul. One hundred (100) ng of purified BP insert was used 

as a template for each labeling reaction. The DNA was 

denatured by boiling for 5 min, then quenching on ice for 2 

min. The labeling components from the kit were thawed on ice. 

The following components were then added: 10 ul of nucleotide 

mix, 5 ul of primers, 20 ul of denatured template DNA, 1 ul of 

enzyme solution (Klenow), and sterile ddH20 to make up the 
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total to 50 ul. The solution was mixed by pipetting gently, 

centrifuged briefly to bring down the sample, then incubated 

overnight at room temperature (RT = 25°C) . After incubation, 

2.5 ul of 0.5 M EDTA (pH 8.0) was added to terminate the 

reaction. The efficiency of the probe labelling was determined 

by dilution of the labelled probe followed by either a rapid 

labeling assay or comparison with the fluorescein-labelled 

control DNA provided with the kit. 

Random prime labeling with digoxiaenin. - Three hundred 

(300) ng of purified BP insert (in a volume of 15 ul or less) 

was used as template for each labeling reaction. The DNA was 

denatured for 10 min in a boiling water bath, then chilled in 

a ice/NaCI mixture for 3 min. The following components were 

then added: 2 ul of hexanucleotide mixture, 2 ul of dNTP 

labeling mixture, 1 ul of Klenow enzyme (2 units), and sterile 

ddH20 to make up the total volume to 20 ul. The mixture was 

centrifuged briefly and incubated overnight at 37°C. After 

incubation, the following was added: 2 ul 0.2 M EDTA (pH 

8.0), 2.5 ul 4 M LiCl, and 75 ul ice cold EtOH. The solution 

was mixed, then left at -70°C for 45 min. After the solution 

was centrifuged, the supernatant was discarded, while the 

pellet was washed with 70% EtOH, and left to air dry for 1 h, 

RT. The pellet was resuspended in 50 ul of O.lx TE, and 

incubated at 37°C for 30 min. Labelled probes were diluted 

and tested using a direct detection procedure to determine the 
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concentration of the labeling. 

Southern Blot Probing 

The inserts that were selected to be tested as gene 

probes were labelled with digoxigenin using the Boehringer 

Mannheim kit and initially used to probe each other, to 

determine possible homology of the inserts. Samples of the 

DNA fragments were subjected to electrophoresis on a 1% TBE 

agarose gel with EtBr. Nitrocellulose membrane (Schleicher & 

Schuell) was cut to an appropriate size, then prepared by 

soaking briefly in sterile ddH20, followed by 20x SSC (lx = 

0.15 M NaCl, 0.015 M NaCitrate, pH 7.0) for 10 min. 

Preparation of the gel and DNA fragment transfer using the 

Whatman 3MM filter paper wick method was performed according 

to Brown (1987a). The DNA was depurinated by washing the gel 

in 0.25 N HC1 for 10 min, followed by several rinses in 

sterile ddHz0. The gel was washed twice for 20 min each in 

denaturation solution (1.5 M NaCl, 0.5 M NaOH), followed by a 

wash in ddH20. Two washes of 20 min each were performed in 

neutralization solution (1.5 M NaCl, 0.5 M Tris-Cl, pH 7.0). 

The transfer pyramid was set up in the following manner: a 

glass plate was placed over a glass dish containing 20x SSC. 

Two pieces of Whatman 3MM filter paper were placed over the 

glass plate in an overlapping design to act as a wick. Two 
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pieces of Whatman 3MM filter paper, cut to the same size as 

the gel, were soaked in 2Ox SSC and placed on top of the wick. 

The gel was placed on top. The prepared nitrocellulose 

membrane was carefully placed on top of the gel, followed by 

another piece of Whatman 3MM filter paper and a 10-12 cm stack 

of absorbent paper towels. A glass plate was placed on the 

paper towels, with a 0.2-0.4 kg weight. The setup was left 

overnight. 

The nitrocellulose membrane was carefully removed from 

the setup, and rinsed for 5 min in 2x SSC before being dried 

at 37°C. The DNA was immobilized by baking for 2 h at 80°C in 

a vacuum oven at 22 Hg. Probing of the membrane was performed 

with digoxigenin labelled probes (see above), using the 

digoxigenin probing procedure described for dot blot assays 

(see below). 

Dot Blot Hybridization Probing 

Radioactive probing procedure. - Gene Screen Plus (Du 

Pont NEM) was cut to an appropriate size, allowing 1 cm2 for 

each sample. Samples were boiled for 10 min, then quenched on 

ice for 2 min, before 1 ul of each sample was dotted onto the 

membrane. To insure that virus on the membrane was lysed and 

the DNA denatured, a series of steps were performed on a taped 

down (taut) piece of Saran Wrap (Brown, 1987b). Three (3) ml 
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of each solution was placed on the Saran Wrap and the membrane 

was floated on the top. Care was taken to insure that the 

solutions did not wash over the top of the membrane, as this 

could cause a loss of nucleic acid. The steps used were: 

Float on 0.5 N NaOH for 2-3 min, blot on Whatman 3MM paper, 

repeat both steps. Float on 1 M Tris pH 7.4 for 5 min, blot 

on Whatman 3MM paper, repeat both steps. Float on 0.15 M NaCl 

+ 0.5 M Tris pH 7.4 for 5 min, blot on 3 mm paper. Transfer 

blot to fresh piece of Whatman 3MM paper, let membrane air dry 

at RT for 30 min. After air-drying, the membrane was placed 

at 80°C for 2 h in a vacuum oven (22 Hg). The baked membrane 

was placed in a sealed plastic bag at -20°C until it was to be 

used. 

When the membrane was to be used, it was placed in 0.1 

ml/cm2 prehybridization solution (50% Formamide, 0.05 M 

KH2P04, 5X SSC, 0.04% Ficoll, 0.04% polyvinylpyrrolidone, 0.04% 

BSA, 100 ug/ml DNA, 1% SDS) for 2 h at 42°C. The previously-

labelled probe (see above) was boiled 10 min and quenched on 

ice 5 min. After the membrane was prehybridized, 6 x 10s 

cpm/ml labelled probe was added to the membrane, and the bag 

re-sealed. The membrane was then placed at 42°C overnight 

with gentle agitation. After incubation, the membrane was 

washed two times at RT in 2x SSC for 10 min, followed by two 

washes at 65°C for 30 min (2x SSC, 1% SDS), and two washes at 

RT for 30 min (O.lx SSC, 1% SDS). The membrane was blotted on 
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a piece of blotting paper, then wrapped in Saran Wrap. The 

wrapped membrane was placed onto a piece of x-ray film (X-OMAT 

AR, XAR-5) in an x-ray cassette and left at -70°C for 72 h. 

After exposure, the film was developed using D-19 developer 

(Kodak) for 60 sec (if the developer was more than a few weeks 

old, 120 sec were used), a glacial acetic acid stop bath for 

30 sec, and rapid fixer (Kodak) for 30 sec. The developed x-

ray was rinsed in distilled water and air-dried. 

Enhanced chemiluminescence (ECL) probing procedure, 

direct labeling. - Nitrocellulose membrane was cut to an 

appropriate size, allowing 1 cm2 for each sample. The 

membrane was then prepared by soaking briefly in sterile 

ddH20, then placing in 20x SSC for 10 min. The membrane was 

dried at 37°C. Samples were boiled for 10 min, quenched on 

ice for 2 min, then centrifuged briefly at 4°C to bring down 

the sample. One (1) ul of each sample was dotted onto the 

prepared nitrocellulose membrane. After the samples were 

dotted, the membrane was air-dried at RT. After drying, the 

membrane was placed in a vacuum oven for 2 h, 80°C, at 17-22 

Hg. Hybridization buffer was pre-made with 5% w/v blocking 

agent (Amersham) and 0.5 M NaCl, and frozen at -20°C. This 

solution was preheated to 42°C for 0.5-1 h before use. The 

membrane was placed into a sealed plastic bag with 2 ml of 

prehybridization buffer for 1-5 h, 42°C, with shaking. 

Previously labelled probe (see above) was added, using 100 ng 
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of labelled DNA for each membrane. The bag was re-sealed and 

placed at 42°C with shaking overnight. 

After incubation, the membrane was washed twice in a 

primary wash buffer (0.4% SDS, 0.5x SSC, 6 M urea), 42°C, for 

20 min with shaking. Then the membrane was washed twice in 2x 

SSC at RT for 5 min with shaking. Detection reagents provided 

with the kit were mixed 1:1 in a petri dish. The membrane was 

placed in the detection solution for 1 min. The membrane was 

blotted onto a piece of blotting paper, then wrapped in Saran 

Wrap. A piece of x-ray film was then exposed to the wrapped 

membrane overnight, RT. The exposed piece of film was then 

developed with the procedure outlined above. 

Enhanced chemiluminescence (ECL) probing procedure, 

random prime labeling. - Nylon membrane (Boehringer Mannheim) 

was cut to an appropriate size, allowing 1 cm2 for each 

sample. Samples were boiled for 10 min, quenched on ice for 

2 min, then centrifuged briefly to bring down the sample. One 

ul of each sample was dotted onto the nylon membrane. The 

membrane was air-dried at RT, before being placed at 80°C for 

1-2 h. Hybridization solution (0.5% blocking agent, 0.1% SDS, 

5% dextran sulfate, 5x SSC, 100 ug/ml denatured sheared 

heterologous DNA) was prepared and heated for 30 min prior to 

use. The baked filter was placed in a sealed plastic bag with 

1.5 ml of prehybridization buffer and placed at 60°C for at 

least 30 min (1-3 h was routinely used). The previously-
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labelled probe (see above) was boiled 5 min,. quenched on ice 

2 min, then centrifuged briefly at 4°C to bring down the 

solution. After incubation, 20 ng/ml labelled probe was added 

to the membrane, and the bag re-sealed. The membrane was then 

placed at 60°C overnight with gentle agitation. 

After incubation, the membrane was washed one time at 

60°C in a prewarmed wash solution (lx SSC, 0.1% SDS) for 15 

min, followed by a wash at 60°C in 0.5x SSC, 0.1% SDS for 15 

min. The membrane was rinsed in a antibody wash buffer (0.1 

M Tris-HCl, 0.15 M NaCl, pH 7.5) for 5 min, RT. The membrane 

was incubated for 1 h in 0.5% blocking agent (Amersham) in 

antibody wash buffer, RT, then rinsed in antibody wash buffer 

for 5 min. The anti-fluorescein-HRP conjugate was diluted 

1000-fold in 0.5% bovine serum albumin (BSA) prepared in 

antibody wash buffer. The membrane was incubated in this 

solution for 1 h, RT. Unbound conjugate was removed by 

washing the membrane 2x10 min, followed by 2x5 min in excess 

0.1% Tween-20 in antibody wash buffer, RT, with gentle 

agitation. Detection reagents provided with the kit were 

mixed 1:1 in a petri dish. The membrane was placed in the 

mixture for 1 min. The membrane was then blotted, and wrapped 

in a piece of Saran Wrap. The wrapped membrane was placed 

onto a piece of x-ray film in an x-ray cassette and left in 

the dark overnight, RT. The exposed piece of film was then 

developed, as described previously. 
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Digoxigenin probing procedure. - Nitrocellulose membrane 

(Schleicher & Schuell) was cut to an appropriate size, 

allowing 1 cm2 for each sample. The membrane was prepared by 

soaking in sterile ddH20 for 2 min, then placing in 2 Ox SSC 

for 5 min. The membrane was dried in a 37°C incubator. 

Samples were boiled for 10 min, quenched on ice 2 min, then 

centrifuged briefly to bring down the sample. One (1) ul of 

each sample was dotted onto the prepared membrane. The 

membrane was air-dried at RT, before being placed in a vacuum 

oven for 2 h, 80°C, at 17-22 Hg. Hybridization solution (1% 

w/v blocking agent, 0.1% Sarkosyl, 0.02% SDS, 5x SSC) was 

prepared and heated for 30 min prior to use. The baked filter 

was placed in a sealed plastic bag with 4 ml prehybridization 

buffer and placed at 68°C for 2.5-3 h. The previously-

labelled probe (see above) was boiled for 10 min, quenched on 

ice for 2 min, then centrifuged briefly at 4°C to bring down 

the solution. After incubation, the solution was removed from 

the bag and 1 ml of fresh hybridization solution was added. 

Probe was added to the hybridization solution at a 

concentration of 10 ng/ml. The bag was re-sealed and placed 

at 6 8 °C, ove might. 

After incubation, the membrane was washed twice in a 

solution of 2x SSC/0.1% SDS for 5 min at RT, followed by two 

washes in a solution of O.lx SSC/0.1% SDS for 15 min at 68°C. 

A wash in Buffer I (0.1 M Tris-HCl, 0.15 M NaCl, pH 7.5) for 
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5 min, RT, was followed by a wash in Buffer II (0.5% blocking 

agent in Buffer I) for 30 min, RT, and a second wash in Buffer 

I for 5 min, RT. The membrane was then placed into a plastic 

bag containing AP conjugate diluted 1:5000 in Buffer I, and 

incubated for 30-45 min, RT. Two washes with Buffer I for 15 

min, RT were performed, followed by a single wash in Buffer 

III (0.1 M Tris-HCl, 0.1 M NaCl, 0.05 M MgCl2, pH 9.5) for 5 

min, RT. Lastly, the membrane was placed in 2 ml of a 

development solution composed of 9 ul nitroblue tetrazolium 

salt and 7 ul of 5-bromo-4-chloro-3-indoyl phosphate, 

toluidinium salt in Buffer III and left in the dark at 

overnight, RT. The membrane was observed the following day 

for the formation of a blue-purple color precipitate. The 

reaction was stopped by placing the membrane in Buffer IV 

(0.01 M Tris-HCl, 0.001 M EDTA, pH 8.0) for 5-15 min, RT. 

Afterwards, the membrane was air-dried, and sealed in a 

plastic bag. 

Samples. - Samples that were tested consisted of 

purified BP DNA from several preparations, purified BP 

tetrahedral occlusion bodies (TOBs), semi-purified 

supernatants containing BP nucleocapsids, BP-infected and 

uninfected feces, and BP-infected and uninfected crude tissue 

homogenates of the hepatopancreas (HP). Additionally, 

purified preparations of other penaeid shrimp viruses were 

also tested. The other viruses tested were: infectious 
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hypodermal and hematopoietic necrosis virus (IHHNV), 

hepatopancreatic parvo-like virus (HPV), and reo-like virus 

(REO-type III) (Lightner, 1992). 

Results 

When the gene probes were labelled with radiation, a 

strong reaction was demonstrated to the unlabelled BP DNA 

fragments and the purified genomic BP DNA used as positive 

controls. Reactions were also demonstrated to other 

preparations of BP DNA purified from P.vannamei from 

Mississippi. A strong reaction was demonstrated to TOBs 

purified from the original infected shrimp, while a weak 

reaction was observed to TOBs purified from P.aztecus from 

Mississippi. No reaction was demonstrated to the purified 

viruses REO-III, HPV, and IHHNV (Figure 4). While no reaction 

was demonstrated to ten shrimp tissue homogenates and one 

feces sample uninfected with BP, there was only one positive 

reaction demonstrated to crude tissue homogenates or feces 

samples infected with BP (Table 4). This was out of 18 crude 

tissue homogenates and one feces sample tested, all of which 

were originally diagnosed as positive on the basis of TOB 

observation. However, the crude homogenate that demonstrated 

a positive reaction was the only preparation that still had 

intact TOBs. The other preparations, while originally 
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Row 1 
a. uninfected tissue 
b. uninfected tissue 
c. purified IHHNV 
d. purified REO 
e. purified HPV 
f. BP TOBs, Ecuador 

Row 2 
a. original BP DNA 
b. BP TOBs, Miss. 
c. BP supernatant 
d. BP DNA 
e. BP DNA 
f. BP TOBs, Ecuador 

Figure 4. Autoradiograph of dot blot probed with equivolume 
mix of P32 random prime labelled BP DNA fragments (Boehringer 
Mannheim) „ 
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Table 4. Reaction of P32 labelled BP probes to samples tested. 

Sample Reaction # of Samples 

BP DNA 
Hawaii + 1 
Mississippi + 2 

BP TOBs 
Hawaii + 1 
Mississippi + 1 
Ecuador + 2 

BP infected samples 
tissue -/+ 18 
feces - 1 

Uninfected samples 
tissue - 10 
feces - 1 

Other viruses 
REO* - 1 
HPV* - 1 
IHHNV* - 1 

*Lightner, 1992 
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diagnosed as positive based on the observation of TOBs, did 

not contain intact TOBs at the time of testing. 

When the probes were labelled with any of the 

nonradioactive methods selected, several positive reactions 

were demonstrated to samples when no probe was added- to the 

experiment. The samples displaying positive reactions without 

probe addition (false positives) were not the same for each 

method. Additionally, there was very little difference 

between the reactions observed when comparison blots were run, 

one with probe and one without, for all three systems (Figures 

5, 6, and 7). 

The samples that elicited a positive response without 

probe were always crude tissue homogenates or feces. 

Preparations of purified DNA, TOBs, or virus did not 

demonstrate a positive reaction without addition of probe. 

Samples causing false positives using the direct labelled 

ECL probing method did not need to undergo hybridization to 

generate a positive reaction. When those samples were dotted 

onto either nylon or nitrocelluose, baked, and placed directly 

into the detection reagent (provided with the kits), they 

demonstrated a false positive when exposed to x-ray film. 

However, the false positives seemed to be enhanced when the 

membrane was run through the hybridization steps. 

Samples causing false positives using the random prime 

labelled ECL probing method only generated a positive reaction 
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Figures 5, 6, and 7. Dot blot analysis of crude shrimp 
homogenates using non-radioactive assay systems, (a) without 
probe and (b) with probe. Fig.5. Enhanced chemiluminescence 
(ECL) detection with direct labelled DNA (Amersham) . Fig.6. 
Enhanced chemiluminescence (ECL) detection with random prime 
labelled DNA (Amersham). Fig.7. Colorimetric detection with 
random prime labelled DNA (Boehringer Mannheim) . 
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when conjugate was added. If the conjugate (anti-fluorescein 

antibody) was removed from the procedure, false positives were 

eliminated. 

Use of the random prime labelled digoxigenin probing 

method, which produces a colored precipitate as opposed to a 

light emission, did not eliminate the presence of false 

positives. 

Various treatments were tried, in an attempt to eliminate 

the false positives, with little success. Samples and/or the 

membranes were subjected to treatment with proteinase K, 10% 

hydrogen peroxide, increased blocking reagent, 0.005 M 

NaAzide, 0.05 M EDTA, PBS/0.2% glycine, and 0.01 M 

hexylresorcinol. 

Discussion 

The results obtained with the radioactively labelled 

probes indicated that the gene probes are specific for BP, and 

capable of detecting virions in purified or semi-purified 

(i.e. supernatent) preparations. The results also show that 

they do not react with the viruses HPV, IHHNV, and REO-III, 

and do not cross-react with uninfected shrimp tissue. It is 

interesting to note that the probes detected BP in only one 

crude tissue homogenate sample out of 35 homogenates tested, 

despite the fact that 18 of the samples were originally 
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diagnosed BP positive on the basis of TOB observation. 

The fact that the only sample that tested positive was 

also the only sample with intact TOBs could be interpreted 

several ways. There is the possibility that this particular 

sample was the only one with a severe enough infection to be 

detected by the probes. However, the response demonstrated to 

the positive control indicates that the probes were detecting 

down to 1 pg of DNA in a sample, an amount of viral DNA that 

would likely be present even in moderately infected shrimp HP 

tissue. A second possibility is that the BP nucleic acid in 

the samples was unavailable for probe binding. This is 

unlikely, since no intact TOBs were observed by microscopic 

examination, and the combination of boiling and NaOH 

denaturation would probably be harsh enough to disrupt the 

viral envelope and nucleocapsid. The third and most likely 

explanation is that the BP nucleic acid was degraded at some 

point before probing. BP infected tissue homogenates were 

always composed of pieces of the HP, which contains numerous 

enzymes. Samples were kept frozen (-70°C) until 

homogenization, and thereafter in the cold room (4°C). 

However, degradation of the HP would be extremely rapid, due 

to the high quantity of enzymes (especially proteases and 

nucleases) present. 

Non-specific binding reactions (false positives) were a 

severe problem that occured with the three non-radioactively 
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labelled probing systems. Since the ECL direct labelled method 

generated several false positives without the hybridization 

step, it is likely that those samples contained peroxidases, 

which break down the detection reagents and the cause blue 

light emission that is picked up by the x-ray film as a 

positive reaction. However, treatment with hydrogen peroxide 

did not eliminate the false positives. It is possible that 

more extensive investigation of sample treatment might 

eliminate the false positives. 

The false positives, observed when using the ECL random 

prime labelled method, were most likely a product of the anti-

fluorescein antibody (conjugate). The kit uses the entire 

antibody (as opposed to the binding or Fab portion only) which 

could cause non-specific binding by substances in the shrimp 

tissue. The Fc portion of the antibody might be able to bind 

to receptors present on the shrimp cells. Whole antibodies 

have carbohydrates attached to their heavy chains which might 

cause binding by lectins present in shrimp. Lectins are sugar-

binding proteins, and although their exact function is 

unclear, they have been linked with opsonic activity to aid 

phagocytosis in shrimp (Kondo et al., 1992). 

A similar problem might explain the false positives 

observed when using the random prime labelled digoxigenin 

system. However, this system does use an anti-digoxigenin 

antibody (conjugate) that is composed of the binding portion 
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only. Since this system is based on colorimetric observation 

of a precipitate, there is also the possiblity that metals 

(such as iron or copper) present in the HP could interfere or 

enhance the development of such a precipitate. 

Further research with the three non-radioactive probing 

systems might determine effective treatment of samples that 

would eliminate the problems with false positives. However, 

the results obtained using radioactively labelled probes 

indicate that degradation or some other problem is occuring in 

BP infected crude tissue homogenates. Since radioactively 

labelled probes are usually more sensitive than non

radioactive^ labelled probes, it is likely that detection of 

BP in crude samples would not be possible using a non

radioactive probing system. Research needs to be focused on 

initial treatment of tissue samples, or possible semi-

purification/purification procedures that would eliminate the 

majority of substances (eg. proteases and nucleases) likely to 

damage the nucleic acid. 

While dot blot hybridization assays have many potential 

applications for BP, the testing of crude tissue homogenates 

will require further research. Presently, these assays can be 

used for other applications, such as to determine the homology 

of BP to other viruses, to test the quantity of BP virus in 

purified or semi-purified preparations, and to determine the 

presence of strain differences of BP using purified genomic 



DNA preparations or DNA obtained from clones. 
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APPLICATION OF GENE PROBES TO DETECT BACULOVIRUS PENAEI 
IN FIXED TISSUE USING IN SITU HYBRIDIZATION 

Introduction 

Baculovirus penaei (BP) is a virus that infects several 

species of both wild and cultured penaeid shrimp. It was 

first reported by Couch (1974a) in wild populations of Penaeus 

duorarum from the Northern Gulf of Mexico. It causes 

significant disease in the larval, postlarval, and juvenile 

stages of the susceptible penaeid shrimp. Presently, BP 

infected animals are commonly diagnosed by the presence of 

characteristic tetrahedral occlusion bodies (TOBs) observed 

microscopically in squash preparations of hepatopancreas, 

midgut, or feces, or in histological sections (Lightner, 

1992) . 

Recombinant DNA techniques developed over the past decade 

have introduced new methods for diagnosis of viral diseases, 

based on the highly sensitive and specific hybridization of 

nucleic acid. One such method is in situ hybridization, which 

involves the utilization of DNA fragments obtained from the 

viral genome of interest. The DNA fragments are non

radioactive^ labelled to produce gene probes which 

specifically bind to viral nucleic acid located in infected 

cells. Using this method, pathogen detection is possible 
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before the formation of occlusion bodies or observable cell 

cytopathology. 

Material and Methods 

BP probes.- The five DNA inserts from different areas of 

the genome (see previous chapter) were selected to perform 

initial testing as gene probes for in situ hybridization 

applications. The five probes were designated by the 

restriction endonuclease they were digested with (BamHI = B) 

and their size, in Kbp. The clones were: B8.4A, B8.4B, B4.9, 

B3.9, and Bl.23. Two of the inserts, B8.4A and B3.9, were 

digested with the restriction endonucleases Hindlll and EcoRI, 

respectively, to yield DNA fragments under 1.0 Kbp that might 

serve as more effective probes. Inserts selected as potential 

gene probes were non-radioactively labelled with the 

Boehringer Mannheim Genius system (Indianapolis, IN) to random 

prime label the DNA with digoxigenin. 

Tissue tested.- Davidson's AFA or formalin fixed tissue 

(Bell and Lightner, 1988) of BP-infected and uninfected shrimp 

from various geographical regions was tested using the five 

complete gene probes and the two digested probes separately, 

and combined as a equivolume mix. The species of BP-infected 

shrimp tested were: P.vannamei (Pacific white shrimp), 

P.aztecus (Northern brown shrimp) , and P.stylirostris (Pacific 
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blue shrimp). BP-infection was confirmed by demonstration of 

tetrahedral occlusion bodies (also known as polyhedral 

inclusion bodies, or PIBs) in histological preparations. 

P.stylirostris and P.vannamei tissue known not to be infected 

with BP was used as negative control for the experiment. The 

probes were also tested on sections of shrimp tissue infected 

with the following viruses: infectious hypodermal and 

hematopoietic necrosis virus (IHHNV), hepatopancreatic parvo-

like virus (HPV), Penaeus monodon-type baculovirus (MBV), 

Penaeus plebejus baculovirus (PBV), type C baculovirus of 

P.monodon (TCBV), and yellowhead virus (Lightner, 1992; Asian 

Shrimp News, 1992). 

In situ hybridization procedure.- For in situ 

hybridization, the tissue was preserved and processed using 

methods from Bell and Lightner (1988). Specifically, 

preserved tissues were first embedded in ParaPlast Plus 

paraffin (Fisher Scientific) and sectioned at approximately 4 

um thickness on a rotary microtome. Sections were placed on 

positively charged microscope slides (Fisher Scientific) and 

were deparaffinized by heating for 30-45 min at 65°C followed 

by submersion in Hemo-De (Fisher Scientific), 3x for 5 min 

each. The sections were rehydrated by passing the slides 

through a series of graded alcohols (absolute to 50%) and 

finally into distilled water. The slides were washed for 5-10 

min in PBS (lx = 0.137 M NaCl, 0.0027 M KC1, 0.0043 M 



Na2HP04x7H20, 0.0014 M KH2P04, pH 7.3) at room temperature (RT 

= 25°C) . One ml of freshly prepared proteinase K at 100 ug/ml 

in PBS was added to each slide. The slides were incubated at 

37°C for 15 min in a humid chamber, then washed in 0.2% 

glycine in PBS for 10 min, RT, followed by a wash in 2x SSC 

(lx = 0.15 M NaCl, 0.015 M Na3citrate, pH 7.0) for 10 min. 

One ml of hybridization buffer (50% Formamide, 0.02% Ficoll, 

0.02% polyvinylpyrrolidone, 0.02% BSA, 5% dextran sulfate, 4x 

SSC, 0.5 mg/ml denatured salmon sperm DNA) was added to the 

slides, which were then incubated for 1.5-2 h at RT. 

Digoxigenin-labelled DNA probes, boiled for 10 min to denature 

the double strands, were diluted to 10 ng/ml in hybridization 

solution and 250 ul were applied to each slide. A coverslip 

was placed on top, and the slides were placed on a boiling 

water bath covered with a piece of aluminum foil for 5 min, 

after which they were incubated at 37°C overnight in a humid 

chamber. 

After incubation, the slides were washed in 2x SSC (1 h, 

RT), lx SSC (1 h, RT), prewarmed 0.5x SSC (30 min, 37°), and 

0.5x SSC (30 min, RT) . The slides were equilibrated for 5 min 

in Buffer I (0.1 M Tris-HCl, 0.15 M NaCl, pH 7.5), then 

blocked with Buffer I containing 2% normal sheep serum and 

0.3% Triton X-100 for 30 min, RT. Alkaline phosphatase-

labelled sheep anti-digoxigenin antibody conjugate was diluted 

1:5000 in Buffer I containing 1% normal sheep serum and 0.3% 
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Triton X-100. Slides were incubated for 30-45 min, RT, in a 

humid chamber with 500 ul of the diluted conjugate, then 

washed two times in Buffer I for 15 min each, RT. Slides were 

equilibrated in Buffer III (0.1 M Tris-HCl, 0.1 M NaCl, 0.05 

M MgClz, pH 9.5) for 5 min, RT. Color reagent was prepared by 

adding 2.4 mg levamisole to 10 ml Buffer III, along with the 

addition of 45 ul nitroblue tetrazolium and 35 ul of 5-bromo-

4-chloro-3-indoyl phosphate. Slides were incubated with 500 

ul of the color reagent overnight, RT, in a humid chamber. 

After incubation, the reaction was stopped by washing the 

slides in Buffer IV (0.01 M Tris-HCl, 0.001 M EDTA, pH 8.0) 

for 5-15 min, RT. After rinsing in distilled water, the 

slides were dehydrated with a series of graded alcohols (50% 

to absolute) and ending with immersion in Hemo-De. The slides 

were then mounted with a coverslip using a resinous mounting 

medium (Permount). Each slide was examined, using normal 

bright field light microscopy, for cells displaying a dark 

blue to dark purple precipitate, indicating the presence of 

homologous BP DNA. 

In attempts to optimize the reaction, the following 

parameters were altered: amount of probe added, amount of 

conjugate added, elimination of the boiling step after probe 

addition, and addition of an HC1 treatment step after tissue 

dehydration. 
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Results 

The BP genome used to make the inserts was originally 

purified from the hepatopancreata (HP) of BP infected 

P.vannamei from Hawaii. Each of the inserts selected and 

labelled as probes displayed a positive reaction to this 

"source" tissue. However, since the original HP tissue 

contained very few TOBs and only small areas of precipitate 

were visible for any of the probes, a second positive control 

made from infected P.vannamei from Ecuador was used to 

determine the effectiveness of the probes. This HP tissue 

contained a very heavy BP infection, with numerous TOBs 

clearly visible. Each of the probes displayed a positive 

reaction to this tissue, although to varying degrees (Table 

5). 

No reaction was observed in BP-negative shrimp tissue 

(Figure 8), while precipitate observed in BP-infected tissue 

was confined to the cells in the HP (Figure 9) and/or midgut 

epithelium (Figure 10). The probes did not exhibit a reaction 

to shrimp tissue infected with a virus other than BP, such as 

IHHN, HPV, MBV, PBV, TCBV, or yellowhead virus (Table 6). 

The TOBs found in BP-infected tissue frequently did not 

exhibit a color change (Figure 11), but remained the same 

light brownish color that was observed when no probe was added 

to BP-infected tissue. This was usually the case with the 
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Table 5. Reaction of BP probes to heavily BP-infected 
P.vannamei from Ecuador using in situ hybridization on 
paraffin sections of the hepatopancreas. 

Probe Size 
(Kbp) 

Intensity Reaction description 

B8.4A 8.4 +++ Moderate purple precipitate 

B8.4B 8.4 +++ Moderate purple precipitate 

B4.9 4.9 + Some purplish precipitate, 
very light 

B3.9 3.9 ++ Light purple precipitate 

Bl .23 1.23 ++++ Dark purple precipitate 

B8.4A/ 
Hindlll 

varied + Some purplish precipitate, 
very light 

B3.9/ 
EcoRI 

varied + Very small amount of 
purplish precipitate 
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Figures 8-13. In situ hybridization of paraffin embedded, 
fixed tissue sections using BP probes. Fig.8. Uninfected 
shrimp tissue. Fig.9. BP-infected hepatopancreas (HP) tissue. 
Fig.10. BP-infected midgut tissue. Fig.11. Tetrahedral 
occlusion bodies (TOBs) in BP-infected HP tissue. Fig.12. TOBs 
in BP-infected HP tissue. Fig.13. BP-infected HP tissue. 



83 

Table 6. Reaction of BP probes to shrimp tissue infected with 
viruses other than BP using in situ hybridization assays. 

Species Origin Virus* Reaction 

P.monodon Asia MBV negative 

P.monodon Australia Type C negative 

P.vannamei Mexico HPV negative 

P.chinensis Korea HPV negative 

P.plebejus Australia PBV negative 

P.monodon Taiwan yellowhead** negative 

P.monodon Sri Lanka yellowhead** negative 

P.stylirostris Mexico IHHN negative 

"Lightner, 1992. 
**Asian Shrimp News, 1992. 
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TOBs that had already erupted from the cells and were located 

in the tubules of the HP or in the lumen of the midgut. 

However, the purple precipitate, indicating a positive 

reaction for BP DNA, was often located in the same cells which 

formed TOBs and in some instances appeared to coat the outside 

of the TOBs (Figure 12). 

Intense reactions also occurred in individual cells that 

were not producing TOBs. Sometimes these cells exhibited 

other signs of BP infection, such as an isopynic nuclei and/or 

marginated chromatin (Lightner, 1984), while in other 

instances a distinct positive reaction was demonstrated in 

cells that showed no observable signs of a BP infection 

(Figure 13). Presumably, these cells had very early 

infections and were in the eclipse stage of virogenesis. 

The five undigested probes demonstrated mixed reactions 

when tested on BP-infected shrimp tissue from different 

geographical areas (Table 7). However, each BP-infected 

tissue section tested produced a positive reaction with a 

minimum of two of the probes. The probes Bl.23 and B8.4B 

demonstrated positive reactions to all of the BP-infected 

tissue sections tested. 

Alteration of parameters of the in situ hybridization 

procedure produced varied results. Increasing the amount of 

probe from 2.5 ng to 12.5 ng per slide increased the intensity 

of the positive reaction observed, and the amount of 
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Table 7. Reaction of BP probes to various BP-infected tissue 
sections using in situ hybridization assays. 

Probes: 
12 3 4 5 Species Origin Status 

+ + + + + P.vannamei Ecuador positive control 

+ + + + + P.vannamei Hawaii** original tissue 

P.stylirostris Mexico negative control 

P.stylirostris Mexico negative control 

P.vannamei Mexico negative control 

+ + - - + P.aztecus Texas BP+ 

+ + + + + P.vannamei Ecuador BP+ 

+ + + + P.stylirostris Mexico BP+, grade 4* 

+ + - - + P.vann./P.sty. Mexico BP+ 

+ + + + + P.vann./P.sty. Mexico BP+, grade 1-3 

- + - - + P.aztecus Florida BP+, grade 1-4 

+ + + - + P.vannamei Florida*** BP+ 

+ + - - + P. vannamei Panama BP+, grade 2 

*grades as defined by Lightner, 1993. 
**original source was Ecuador 
***original source unknown 

Probe designation: 
1 = B8.4A 
2 = B8.4B + visible precipitate in HP 
3 = B3.9 - no visible precipitate 
4 = B4.9 ? not enough tissue to determine 
5 = Bl.23 
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precipitate present. However, increasing the amount of probe 

up to 25 ng per slide or more did not improve the quality or 

intensity of the positive reaction achieved, and only 

increased the amount of background obtained for the reaction. 

Likewise, when the amount of antibody conjugate added was 

increased 10 fold, the intensity of the positive reaction 

remained about the same, but the amount of background 

increased significantly. 

In another modification, positive reactions were 

substantially decreased, both in quantity and intensity, by 

eliminating the step where the coverslipped sections were 

placed over the boiling water bath after addition of the 

probe. If the probe was added and the slide directly placed 

at 37°C for the overnight incubation, the positive reaction 

obtained was very inconsistent. 

If, after tissue rehydration, the slides were placed in 

0.02 N HC1 for 10 minutes before proceeding with the original 

protocol, the positive reaction was intensified, but there was 

also extensive tissue disruption which eliminated the positive 

reaction in some areas of tissue. 

Discussion 

The results demonstrate that gene probes to Baculovirus 

penaei were successfully produced and that they can be used in 
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a nonradioactive in situ hybridization assay to detect BP in 

paraffin-embedded, fixed tissue. Lack of a precipitate in BP-

negative tissue demonstrates that the probes developed do not 

cross-react with shrimp tissue. Results also demonstrate that 

the probes tested do not cross react with the other viruses 

tested, even with presumably closely related bacuioviruses. 

The results indicate that the five different probes tested 

produce different intensities of reactions, even when applied 

to the same tissue. Thus, it can be concluded that some 

probes may be more effective than others. For example, the 

probe designated Bl.23 consistently produced the most intense 

reaction, while the probes B3.9 and B4.9 produced the weakest. 

Probes made by digesting B8.4A and B3.9 with restriction 

endonucleases to produce DNA fragments smaller than 1.0 Kbp 

generated very weak reactions. However, the intensity of 

positive reactions did not correspond to the size of the 

probe, either directly or inversely. It is probable that the 

affinity of a probe for target nucleic acid depends primarily 

on its internal sequence. 

Different tissue sections demonstrated varied intensities 

of reaction with the probes, however, the intensity appeared 

to be independent of the species of shrimp tested, the 

geographical origin of the shrimp, and even the level of the 

infection (based on number of PIBs observed). This data would 

suggest that there are other factors influencing the reaction. 
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One possible factor is the stage of virus replication, which 

would influence the quantity of viral DNA and mRNA available 

as target for the probe. The fact that TOBs located in cells 

often had precipitate coating their surface indicates that 

viral nucleic acid was available for binding by the probes, 

presumably by virions embedded at or near the surface of the 

developing occlusion body. TOBs that had been released into 

the HP tubule and midgut lumen were presumably fully-developed 

and did not have nucleic acid available for probe binding on 

their surfaces, as indicated by the overall lack of probe 

precipitate to them. Another possible factor could be the 

method or length of tissue fixation that was used. A paper by 

Higgs et al. (1990) using probes to detect human 

papillomavirus in tissue reports that overfixing of cells will 

lead to a reduction of the hybridization signal. Since the 

tissue used in this experiment was usually obtained from 

commercial hatcheries who performed the fixation process, 

there was little control over the fixation procedure. Future 

experiments should be performed to test the effect of various 

fixatives and fixation times on the in situ hybridization 

results. 

Negative reactions demonstrated by probes to known BP-

infected tissue sections were confirmed with a second testing 

of the same tissue. With only one exception, all the negative 

reactions demonstrated to known BP-infected tissue sections 
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were obtained by the probes B3.9 and B4.9. This is not 

surprising, since these two probes also exhibited the weakest 

reactions to the positive control tissues. The one exception 

was a negative reaction demonstrated by the probe B8.4A to BP-

infected P.aztecus from Florida. The negative reaction was 

not species specific, since B8.4A demonstrated a positive 

reaction to BP-infected P.aztecus from Texas. Both B3.9 and 

B4.9 also demonstrated a negative reaction to this tissue. 

The negative reactions could be a result of the fixation 

process, or, since B8.4B generally produced positive reactions 

only slightly stronger than B3.9 and B4.9, to poor probe 

binding. There is also the possibility that different strains 

of BP exist. However, more extensive research involving a 

larger databank of samples and testing more of the BP genome 

as probe will need to be performed before this could be 

determined. 

Since only known BP-negative and BP-positive tissue 

samples were used for this experiment, the question remains as 

to what stage the BP infection has to be in before detection 

of BP is possible by in situ hybridization. The most 

effective method of answering this question will be to monitor 

artificially infected PLs (Overstreet et al., 1988) using 

probes to BP. Samples taken at regular intervals after initial 

exposure to BP and subsequent analysis by histology and probe 

assays would illustrate when in situ detection occurs compared 
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to TOB development. However, the fact that positive reactions 

were evident in morphologically normal cells indicates the 

distinct possibility for early detection of BP infections. 

The use of the polymerase chain reaction (PCR) to amplify 

BP DNA present in infected cells will further enhance the use 

of BP probes as diagnostic and research reagents. Techniques 

have been described in which nucleic acid in formalin-fixed, 

paraffin-embedded tissue is amplified using the PCR procedure 

(Nuovo et al., 1991). The possibility exists of detecting BP 

in an infected batch of animals before contamination occurs. 
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APPLICATION OF GENE PROBES TO DETERMINE TARGET 
ORGANS IN BACULOVIRUS PENAEI INFECTED SHRIMP 

Introduction 

The culturing of marine shrimp in hatchery facilities 

worldwide has increased substantially in the past decade. 

Unfortunately, the incidence of documented disease has 

increased as well. One disease of cultured penaeid shrimp is 

caused by Baculovirus penaei (BP), which was first discovered 

in a population of wild pink shrimp (Penaeus duorarum) from 

the Gulf of Mexico (Couch, 1974a). BP infects the larval 

through adult stages of several species of penaeid shrimp, and 

can cause mass mortalities. BP infects the epithelial cells 

of the hepatopancreas and midgut. Mature virions and 

tetrahedral occlusion bodies (TOBs) are released into the 

lumen of the midgut and excreted with the feces, thus causing 

infection via the fecal-oral route. Transmission of BP is 

believed to be primarily, if not exclusively, horizontal 

(Johnson and Lightner, 1988; Lightner, 1992), however, no 

definitive evidence has been established. 

This paper reports upon the use of gene probes developed 

from BP to investigate the possibility of transovum 

transmission of BP. 
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Materials and Methods 

Tissue tested. - Mature female P.vannamei broodstock were 

demonstrated to be infected with BP by observation of 

tetrahedral occlusion bodies (TOBs) in wet-mounts prepared 

from fecal samples. BP-infected shrimp were then fixed in 

Davidson's AFA and processed for histology using routine 

methods (Bell and Lightner, 1988). The hepatopancreas, 

midgut, and reproductive tissue were removed from each shrimp 

and embedded in ParaPlast Plus paraffin (Fisher Scientific). 

Blocks of tissue were sectioned at approximately 4 um 

thickness with a rotary microtome. Verification of a BP 

infection was made by microscopic examination of sections from 

each shrimp, stained with modified Mayer's hematoxylin and 

Phloxine/eosin (H&E). 

In situ hybridization procedure. - Paraffin embedded, 

fixed tissue sections were probed with a equivolume mix of the 

labelled inserts using the method described in the previous 

chapter. 

Sample examination. - Probed tissue sections were 

microscopically examined for the presence of a blue-purple 

precipitate in the hepatopancreas, indicating a positive 

reaction to BP nucleic acid in the cells. The tissue sections 

were then examined for the presence of a similar blue-purple 

precipitate in other tissue. Reproductive tissues, including 
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the germinal tissue, developing ova, the oviducts, and the 

gonopore, were particularly scrutinized. 

Results 

Tissue samples from four BP-infected P .vannamei shrimp 

were tested using the probe mixture. One shrimp came from 

Panama, while the remaining shrimp came from Ecuador. Tissue 

samples from all four of the shrimp demonstrated a dark purple 

precipitate, indicating a BP infection, present in epithelial 

cells of the hepatopancreas (Figure 14). TOBs were observed 

in numerous hepatopancreatic tubules, but frequently did not 

have precipitate in their vicinity (Bruce et al., in 

preparation). 

Precipitate was not visible in tissue other than the 

hepatopancreas. Components of the reproductive system, 

including germinal tissue, developing ova, the oviducts, and 

the gonopore, stained only with the counterstain and did not 

show any color indivative of precipitate formation from probe 

hybridization (Figure 15). 
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Figures 14 and 15. In situ hybridization of paraffin embedded, 
fixed tissue sections using BP probes. Fig.14. BP-infected 
hepatopancreas (HP) tissue. Fig.15. Reproductive tissue from 
BP-infected shrimp. 
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Discussion 

The formation of a dark purple precipitate in epithelial 

cells of the hepatopancreas indicates a strong reaction to BP 

target nucleic acid present in the cells. This confirms that 

BP replication is occurring in cells of the hepatopancreas and 

that the probe mixture is capable of detecting it. 

The lack of a precipitate in the reproductive tissue of 

the infected shrimp strongly suggests that the BP virus does 

not infect these tissues and therefore can not be transmitted 

via a vertical route. Vertical transmission would require 

that viral replication occur within components of the 

reproductive system, allowing passage of the viral genome at 

some point to germinal cells (transovum transmission). 

Based on this evidence, it is possible to suggest methods 

for management of BP in a hatchery system, applicable to the 

virus itself. Since there are no known treatments for viral 

diseases of penaeid shrimp, avoidance is the most effective 

management method (Bell and Lightner, 1987). 

Horizontal transmission involves the passage of virus 

from shrimp to shrimp, or through infected feces and water. 

Using this information, methods can be implemented that 

substantially reduce or eliminate the spread of BP in a 

culture system, effectively "avoiding" the virus. LeBlanc and 

Overstreet (1991) investigated several disinfection protocols 
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applicable to BP-infected holding facilities, that would 

render BP nonviable. Additionally, papers (Natividad, 1991; 

Sano and Momoyama, 1992) have described the use of substances 

to disinfect eggs externally contaminated with BP. By 

obtaining BP-free broodstock, a shrimp hatchery has the chance 

of never becoming contaminated with BP. 
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SUMMARY 

Gene probes were successfully produced that detect BP 

nucleic acid. Purified BP DNA was digested with the 

restriction endonuclease BamHI, ligated into the vector pUC18, 

and the resulting plasmids used to transform E.coli bacterial 

cells. Five inserts, representing >20% of the entire BP 

genome, were found to be non-homologous by Southern blotting 

and were mapped using six different restriction endonucleases. 

Labeling of the inserts with radiation by the random prime 

method allowed detection of BP in a variety of samples, using 

dot blot hybridization. Labeling of the inserts with 

digoxigenin by the random prime method allowed detection of BP 

in fixed, paraffin-embedded tissue sections, using in situ 

hybridization. Lastly, the gene probes were used to determine 

the absence of BP in reproductive tissues of BP-infected 

female broodstock shrimp, using in situ hybridization. These 

results suggest that BP is not transmitted via the vertical 

route. 



APPENDIX A: RESTRICTION MAPS 



99 

Bl .23 

BamHI Xbal PstI BamHI 
j i 

0.45 0175 

1.23 Kbp BP insert 

Restriction 
Endonucleases Sites 

EcoRI 0 
Hindlll 0 
PstI 1 
SacI 0 
Smal 0 
Xbal 1 



100 

B3.9 

EcoRI Hindll Xbal EcoRI/ 
BamHI Xbal Hindlll| HindiII SacI EcoRI 

i i i 

EcoRI 
SacI | BamHI 

, i. , i. 

.38 0.56 
0.33 

1.38 2.03 2.45 2.68 
1.63 

3.9 Kbp BP insert 

i i 
3.36 | 

3.53 

Endonucleases Sites 
EcoRI 4 
HindiII 3 
PstI 0 
SacI 2 
Smal 0 
Xbal 2 



101 

B4.9 

PstI 
i i BamHI ! EcoRI EcoRI PstI EcoRI Xbal BamHI 

i j i i j 
0.24 0.52 0177 1.39 2^09 3.55 

4.9 Kbp BP insert 

Restriction 
Endonucleases Sites 

EcoRI 3 
Hindlll 0 
PstI 2 
SacI 0 
Smal 0 
Xbal 1 



102 

B8.4a 

HindiII HindiII 
| HindiII jXbal/ HindiII 

BamHI |Xbal|PstI jSacI PstI | PstI Hindlll BamHI 
i _ i i _ i i i i i i i i i i i i i i i 

! 2.512.7 13.35 ! 4.5 5.25 7.15 
2!3 2.6 3.3 3.55 

8.4 Kbp BP insert 

Restriction 
Endonucleases Sites 

EcoRI 0 
Hindlll 5 
PstI 3 
SacI 1 
Smal 0 
Xbal 2 



103 

B8.4b 

HindiII 
PstI PstI !EcoRI 

BamHI Xbal i 
i Xbal 

Hindlll EcoRI Hindlll 
Xbal XbaljXbal | EcoRI| 
'Hindlll ! ! [PstI! j j BamHI , (i ('Psti j 1 ! ( i 

! I I l~! I I I I ~ I ~ I ~ I I I I 
1.3 2.1 I 2.8I 3.05 |4.85 

2.3 2.85 4.25 
5.7 | 6.116.35 7.25j 

| 6.3 7.45 
6.0 

8.4 Kbp BP insert 

Restriction 
Endonucleases Sites 

EcoRI 3 
Hindlll 4 
PstI 3 
SacI 0 
Smal 0 
Xbal 5 



104 

REFERENCES 

Adams, J.R., and J.T. McClintock. 1991. Baculoviridae. 
Nuclear Polyhedrosis Viruses. Part 1. Nuclear 
polyhedrosis viruses of insects. Pp.89,94. In: J.R. Adams 
and J.R. Bonami (eds.) Atlas of Invertebrate Viruses, CRC 
Press, Florida. 

Apud, F., J.H. Primavera, and P.L. Torres, Jr. 1983. Farming 
of prawns and shrimps. Manual No.5, 3rd edition. 
Aquaculture Department, Southeast Asian Fisheries 
Development Center, Iloilo, Phillippines. P.20. 

Asian Shrimp News. 1992. Yellow-head disease of black tiger 
shrimp. Asian Shrimp Culture Council, Issue no.10, 2nd 
quarter. P.2. 

Bardach, J.E., J.H. Ryther, and W.O. McLarney. 1972. 
Aquaculture: The farming and husbandry of freshwater and 
marine organisms. John Wiley and Sons, Inc., N.Y. P.l. 

Bell, T.A., and D.V. Lightner. 1987. An outline of penaeid 
shrimp culture methods including infectious disease 
problems and priority drug treatments. Vet. & Human Tox. 
29(1): 37-43. 

Bell, T.A., and D.V. Lightner. 1988. A handbook of normal 
penaeid shrimp histology. Special Publication No.l. The 
World Aquaculture Society, Baton Rouge, LA. Pp.2,3. 

Bilimoria, S.L. 1986. Taxonomy and Identification of 
Baculoviruses. P.37-59. In: R.R. Granados and B.A. 
Federici (eds.) The Biology of Baculoviruses. Vol.1. 
Biological Properties and Molecular Biology, CRC Press, 
Florida. 

Blissard, G.W., and G.F. Rohrmann. 1990. Baculovirus diversity 
and molecular biology. Annu. Rev. Entomol. 35: 127-155. 

Boehringer Mannheim. 1992. Nonradioactive in situ 
hybridization application manual. Boehringer Mannheim 
GmbH, Biochemica, Germany. Pp.1-7. 

Bonami, J.R., B.B. Trumper, J. Mari, M. Brehelin, and D.V. 
Lightner. 1990. Purification and characterization of the 
infectious hypodermal and haematopoietic necrosis virus 
of penaeid shrimps. J. Gen. Virology 71: 2657-2664. 



105 

Bonami, J.R., D.V. Lightner, R.M. Redman, and B.T. Poulos. 
1992. Partial characterization of a togavirus (LOW) 
associated with histopathological changes of the lymphoid 
organ of penaeid shrimps. Dis. Aquatic Org. 14: 145-152. 

Bonami, J.R., L.D. Bruce, B.T. Poulos, and D.V. Lightner. In 
preparation. Partial characterization and cloning of the 
genome of PvSNPV (BP-type virus) pathogenic for Penaeus 
vannamei. 

Borgese, E.M. 1980. Seafarm. Harry N. Abrams, Inc., N.Y. 
Pp.105-108,131-158. 

Brock, J.A., and D.V. Lightner. 1990. Disease caused by 
microorganisms. Pp.245-349.In: 0. Kinne (ed.) Diseases 
of Marine Animals. Vol.3. Diseases of Crustacea. John 
Wiley and Sons, N.Y. 

Brown, T. 1987a. Analysis of DNA sequences by blotting and 
hybridization. Southern blotting onto a nylon or 
nitrocellulose membrane with high-salt buffer. Pp.2.9.1-
2.9.6. In: Ausubel, F.M., et al. (eds.) Current 
Protocols in Molecular Biology, Vol.1. Greene Publ. 
Assoc. and Wiley-Interstate, N.Y. 

Brown, T. 1987b. Hybridization analysis of DNA blots. 
Hybridization analysis of a DNA blot with a radiolabeled 
DNA probe. Pp.2.10.1-2.10.3. In: Ausubel, F.M., et al. 
(eds.) Current Protocols in Molecular Biology, Vol.1. 
Greene Publ. Assoc. and Wiley-Interscience, N.Y. 

Bruce, L.D., B.B. Trumper, and D.V. Lightner. 1991. Methods 
of viral isolation and DNA extraction for a penaeid 
shrimp baculovirus. J. Virol. Methods 34: 245-254. 

Bruce, L.D., R.M. Redman, D.V. Lightner, and J.R. Bonami. In 
preparation. Application of gene probes to detect 
Baculovirus penaei in fixed tissue using in situ 
hybridization. 

Bueno, S.L. de S, R.M. Nascimento, and I. Nascimento. 1990. 
Baculovirus penaei infection in Penaeus subtilisi a new 
host and a new geographical range of the disease. J. 
World Aqua. Soc. 21(3): 235-237. 

Chen, K.J., and S.L. Ramos. 1989. Prawn Farming: hatchery and 
grow-out operations. West Point Aquaculture Corp., 
Manila, Phillipines. Pp.10-18. 



106 

Chen, S.N., S.C. Chi, G.H. Kou, and I.C. Liao. 1986. Cell 
culture from tissues of grass prawn, Penaeus monodon. 
Fish Path. 21: 161-166. 

Couch, J.A. 1974a. Free and occluded virus, similar to 
Baculovirus, in hepatopancreas of pink shrimp. Nature 
247(5438): 229-231. 

Couch, J.A. 1974b. An enzootic nuclear polyhedrosis virus of 
pink shrimp: ultrastructure, prevalence, and enhancement. 
J. Invert. Path. 24(3): 311-331. 

Couch, J.A. 1989. The membranous labyrinth in baculovirus-
infected crustacean cells: possible roles in viral 
reproduction. Dis. Aquatic Org. 7: 39-53. 

Couch, J.A. 1991. Baculoviridae. Nuclear Polyhedrosis Viruses. 
Part 2. Nuclear polyhedrosis virus of invertebrates other 
than insects. Pp.206,214. In: J.R. Adams and J.R. Bonami 
(eds.) Atlas of Invertebrate Viruses, CRC Press, Florida. 

Couch, J.A., M.D. Summers, and L. Courtney. 1975. 
Environmental significance of Baculovirus infections in 
estuarine and marine shrimp. Annals of the N.Y.Academy 
of Sciences. 266: 528-536. 

Deering, R.E., C.K. Arakawa, K.H. Oshima, P.J. O'Hara, and 
M.L. Landolt. 1991. Development of a biotinylated DNA 
probe for detection and identification of infectious 
hematopoietic necrosis virus. Dis. Aquatic Org. 11: 57-
65. 

Dore, I., and C. Frimodt. 1987. An illustrated guide to shrimp 
of the world. Osprey Books, Huntington, N.Y. P.17. 

Ellender, R.D. 1989. Cell culture development. Pp.61-64. In: 
U.S. Marine Shrimp Farming Program Progress Report (Oct. 
1, 1988 to Sept. 30, 1989). Vol.1. Published by the U.S. 
Department of Agriculture, Washington, D.C. 

Higgs, T.W., N.J. Moore, D.Y. Badawi, and F.E. Taub. 1990. 
Type-specific human papillomavirus detection in formalin-
fixed, paraffin-embedded tissue sections using 
nonradioactive deoxyribonucleic acid probes. Lab. Invest. 
63(4): 557-567. 

Huger, A.M., and A. Krieg. 1991. Baculoviridae. Nonoccluded 
Baculoviruses. Pp.287-319. In: J.R. Adams and J.R. Bonami 
(eds.) Atlas of Invertebrate Viruses, CRC Press, Florida. 



107 

Hukuhara, T., and J.R. Bonami. 1991. Reoviridae. Pp.393-434. 
In: J.R. Adams and J.R. Bonami (eds.) Atlas of 
Invertebrate Viruses, CRC Press, Florida. 

Johnson, S.K. 1978. Handbook of shrimp diseases. P.4. In: G.W. 
Chamberlain, M.G. Haby, and R.J. Miget. Texas Shrimp 
Farming Manual: An Update on Current Technology. Texas 
Agricultural Extension Service, Texas A&M University 
System, Corpus Christi, TX. 

Johnson, P.T., and D.V. Lightner. 1988. The rod-shaped nuclear 
viruses of crustaceans: gut-infecting species. Dis. 
Aquatic Org. 4: 123-141. 

Kondo, M., H. Matsuyama, and T. Yano. 1992. The opsonic effect 
of lectin on phagocytosis by hemocytes of Kuruma prawn, 
Penaeus japonicus. Fish Path. 27(4): 217-222. 

Landau, M. 1992. Introduction to Aquaculture. John Wiley & 
Sons, Inc., N.Y. Pp.210-274, 367-388, 389-394. 

LeBlanc, B.D., and R.M. Overstreet. 1990. Prevalence of 
Baculovirus penaei in experimentally infected white 
shrimp (Crustacea: Decapoda): co-occurrence with 
Baculovirus penaei in experimental infections. Dis. 
Aquatic Org. 8: 45-49. 

LeBlanc, B.D., and R.M. Overstreet. 1991. Effect of 
desiccation, pH, heat, and ultraviolet irradiation on 
viability of Baculovirus penaei. J. Invert. Path. 57:277-
286. 

LeBlanc, B.D., R.M. Overstreet, and J.M. Lotz. 1991. Relative 
susceptibility of Penaeus aztecus to Baculovirus penaei. 
J. World Aqua. Soc. 22(3): 173-177. 

Lester, R.J.G., A. Doubrovsky, J.L. Paynter, S.K. Sambhi, and 
J.G. Atherton. 1987. Light and electron microscope 
evidence of baculovirus infection in the prawn Penaeus 
plebejus. Dis. Aquatic Org. 3: 217-219. 

Lewis, D.H. 1986. An enzyme-linked immunosorbent assay (ELISA) 
for detecting penaeid baculovirus. J. Fish Dis. 9: 519-
522. 



108 

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, J.A. Llobrera (eds.) Proceedings of the 
First International Conference on the Culture of Penaeid 
Prawns/Shrimps. Southeast Asian Fisheries Development 
Center, Iloilo City, Philippines. 

Lightner, D.V. 1992. Shrimp virus diseases: diagnosis, 
distribution, and management. Pp.283-253. In: J. Wyban 
(ed.) Proceedings of the Special Session on Shrimp 
Farming. World Aquaculture Society, Baton Rouge, LA. 

Lightner, D.V. 1993. Diseases of cultured penaeid shrimp. 
Pp.393-486. In: J.P. McVey (ed.) Handbook of Mariculture. 
Vol.1. Crustacean Aquaculture. CRC Press, Boca Raton, FL. 

Lightner, D.V., and R.M. Redman. 1981. A baculovirus-caused 
disease of the penaeid shrimp, Penaeus monodon. J. 
Invert. Path. 38: 299-302. 

Lightner, D.V., and R.M. Redman. 1985. A parvo-like virus 
disease of penaeid shrimp. J. Invert. Path. 45: 47-53. 

Lightner, D.V., and R.M. Redman. 1991. Hosts, geographic range 
and diagnostic procedures for the penaeid shrimp virus 
diseases of concern to shrimp culturists in the Americas. 
Pp.173-196. In: P. DeLoach, W.J. Dougherty, and M.A. 
Davidson (eds.) Frontiers in Shrimp Research. Elsvier 
Science Publishers, Amsterdam. 

Lightner, D.V., R.M. Redman, and T.A. Bell. 1983. Infectious 
hypodermal and hematopoietic necrosis, a newly recognized 
virus disease of penaeid shrimp. J. Invert. Path. 42: 62-
70. 

Lightner, D.V., T.A. Bell, and R.M. Redman. 1989. A review of 
the known hosts, geographical range and current 
diagnostic procedures for the virus diseases of cultured 
penaeid shrimp. Advances in Trop. Aqua. 9: 113-126. 

Lightner, D.V., R.R. Williams, T.A. Bell, R.M. Redman, and 
L. A. Perez A. 1992. A collection of case histories 
documenting the introduction and spread of the virus 
disease IHHN in penaeid shrimp culture facilities in 
Northwestern Mexico. ICES mar. Sci. Symp. 194: 97-105. 



109 

Luedeman, R.A., 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. 

Maniatis, T., E.F. Fitsch, and J. Sambrook. Molecular Cloning: 
A Laboratory Manual. Cold Spring Harbor Laboratory, N.Y. 
P.324-325, 390. 

Mari, J., J.R. Bonami, B.T. Poulos, and D.V. Lightner. 1992. 
Cloning of the IHHNV genome and use of probes in 
diagnosis. World Aquaculture Society Meeting, Orlando, 
FL. Abstract 276, p.154. 

Mari, J., J.R. Bonami, B.T. Poulos, and D.V. Lightner. In 
press 1. Structure and cloning of the genome of the 
IHHNV, an unusual parvovirus pathogenic for penaeid 
shrimp. Diagnosis of the disease using a specific probe. 
J. Gen. Virology. 

Mari, J., J.R. Bonami, B.T. Poulos, and D.V. Lightner. In 
press 2. Preliminary characterization and partial cloning 
of the genome of PmSNPV (=MBV) from Penaeus monodon. Dis. 
Aquatic Org. 

McGuire, S.L.M., R.D. 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.l, 1987 to March 31, 1988). Vol.1. Published by the 
U.S. Department of Agriculture, Washington, D.C. 

Momoyama, K. 1988. Infection source of baculoviral mid-gut 
gland necrosis (BMN) in mass production of Kuruma shrimp 
larvae, Penaeus japonicus. Fish Path. 23: 105-110. 

Monsarrat, P. 1978. Contibution l'tude du virus d'Oryctes 
rhinoceros L. et son impact cologique. Thse Doct. Etat, 
Univ. Sci. Tech. Languedoc, Montpellier, France. P.209. 

Nash, M., G. Nash, I.G. Anderson, and M. Shariff. 1988. A reo-
like virus observed in the tiger prawn, Penaeus monodon 
Fabricius, from Malaysia. J. Fish Dis. 11: 531-535. 



110 

Natividad, J.M. 1991. The Penaeus monodon baculovirus (MBV): 
its epizootiology, prevention and control in penaeid 
shrimp hatcheries and grow-out ponds in the Phillippines. 
Ph.D. Dissertation, School of Renewable Natural 
Resources, University of Arizona. P.204. 

New, M.B. 1990. Compound feedstuffs for shrimp culture. Pp.79-
105. In: M.B. New, H. de Saram, and T. Singh (eds.) 
Technical and Economic Aspects of Shrimp Farming. 
Proceedings of the Aquatech '90 conference, Kuala Lumpur, 
Malaysia, pp.79-105. 

Nuovo, 6.J., P. MacConnell, and A. Forde. 1991. Detection of 
human papillomavirus DNA in formalin-fixed tissues by in 
situ hybridization after amplification by polymerase 
chain reaction. Am. J. Path. 139 (4): 847-850. 

Overstreet, R.M., K.C. Stuck, and R. A. Krol. 1988. 
Experimental infections with Baculovirus penaei in the 
white shrimp Penaeus vannamei (Crustacea: Decapoda) as 
a bioassay. J. World Aqua. Soc. 19(4): 175-187. 

Owens, L., S. De Beer, and J. Smith. 1991. Lymphoidal parvo-
like virus in Australian prawns. Dis. Aqua. Org. 11: 129-
134. 

Pappalardo, R., J. Mari, and J.R. Bonami. 1986. T (Tau) virus 
infection of Carcinus mediterraneus: histology, 
cytopathology and experimental transmission of the 
disease. J. Invert. Path. 47: 361-368. 

Pillay, T.V.R. 1990. Aquaculture: Principles and Practices. 
Fishing News Books, University Press, Cambridge. P.460. 

Rosenberry, R. 1990. World Shrimp Farming 1990. Published by 
R. Rosenberry, Aquaculture Digest, San Diego, CA. Pp.l-
8. 

Rosenberry, R. 1992. World Shrimp Farming 1992. Published by 
R. Rosenberry, Aquaculture Digest, San Diego, CA. 
Pp.1,34. 

Sano, T., and K. Momoyama. 1992. Baculovirus infection of 
penaeid shrimp in Japan. Pp.177-184. In: W. Fulks and 
K.L. Main, (eds.) Diseases of cultured penaeid shrimp in 
Asia and the United States. The Oceanic Institute, 
Honolulu, HI. 



Ill 

Sano, T., T. Nishimura, K. Oguma, K. Momoyama, and N. Takena. 
1981. Baculovirus infection of cultured Kuruma shrimp 
Penaeus japonicus in Japan. Fish Path. 15: 185-191. 

Struhl, K. 1987. Reagents and radioisotopes used to manipulate 
nucleic acid. Separating radioactively labeled DNA from 
unincorporated dNTP precursors by column chromatography. 
Pp. 3.4.7-3.4.10. In: F.M. Ausubel, et al. (eds.) Current 
Protocols in Molecular Biology, Vol.1. Greene Publ. 
Assoc. and Wiley-Interstate, N.Y. 

Summers, M.D. 1977. Characterization of shrimp baculovirus. 
EPA Report No.EPA-600/3-77-130. 

Tsing, A., and J.R. Bonami. 1987. A new viral disease of the 
shrimp, Penaeus japonicus Bate. J. Fish Dis. 10: 139-141. 

Vivares, C.P., and J-L. Guesdon. 1992. Nucleic acid probes in 
aquatic bacteriology. Aquaculture 107: 147-154. 

Vickers, J.E., R.J.G. Lester, P.B. Spradbrow, J.G. Atherton, 
and J.M. Pemberton. In press. Evidence for homology 
between polyhedrin genes of baculoviruses of a prawn and 
an insect. J. Invert. Path. 

Wickens, J.F. 1986. Prawn farming today: opportunities, 
techniques, and developments. Outlook on Aquaculture 
15(2): 52-60. 

Wyban, J.A, and J.N. Sweeney. 1991. Intensive Shrimp 
Production Technology. The Oceanic Institute Shrimp 
Manual, Honolulu, HI. P.l. 


