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The purpose of this paper was to purify and amplify the
DNA fragment of Peraeus monodon-type baculovirus
(MBV). Using 30-50% caesium chloride gradients, MBY vi-
rions and occlusion bodies with density parameters of 1.28-
1.29 and 1.32-1.33 g/ml, respectively, were purified. Two oli-
gonucleotide primers have been successfully designed and
utilized for the amplification of a DNA fragment of MBYV.
After 35 amplification cycles of the MBY DNA fragment, a
large amount of amplified product with an approximate mo-
lecular weight of 600 bp was obtained. This is the first suc-
cessfully published work on the amplification of MBY using
the polymerase chain reaction (PCR}. Using the same prim-
ers, DNA extracted from MBYV noninfected . monodon, P,
Japonicus, and P. orientalis had a negative PCR response.
However, a positive PCR response was obtained from DNA
extracted from MBV-infected postlarval P. monodon. NG
dot blot hybridizatidn technique using PCR product obh-
tained from the present study as a probe further confirmed
that the product is orviginated from a portion of MBYV poly-
hedrin gene. It is also suggested that PCR product may be
heneficial for an accurate and early diagnosis of MBYV in-
fection in larval Shl‘imp. © 1993 Academic Press, Inc.

KEY WoRDS: Penaens monodon; Baculovirus; MBY; poly-
merase chain reaction.

INTRODUCTION

Penaeus monodon-type baculovirus (MBV) is consid-
ered to be one of the most important pathogens for
larvae of the giant tiger prawn (P. monodon, Fabricius)
{Chen et al., 1989) and frequently causes mass mortal-
ity or growth retardation in infected animals (Lightner
et al., 1983; Chen ef af., 1989). The high infection rate
of MBV may result in a fluctuant production on the
hatchery system of P. monodon. To reduce the losses
caused by MBV infection, the development of early and
accurate diagnostic techniques is essential. Technolo-
gies for the diagnosis of MBV infection have been re-
ported by Lightner et al. (1981, 1983) and Chen ef al.
(1989) using histopatholegical staining methods.
These techniques, however, have been limited to the
detection of occlusion bodies in late larval stages and

no reliable methods have been developed for the detec-
tion of early infection of MBV. This paper therefore
attempts to describe an application of polymerase
chain reaction (PCR) for the amplification of MBV
DNA.

PCR is a technigue that utilizes flanking oligonucle-
otide primers and repeated DNA synthesis cycles to
amplify small quantities of target DNA sequences
(Mullis et al., 1986; Saikt et af., 1986). Modifications
and applications of PCR have been widely described
(Matsumoto et al., 1990; Cartin et al., 1991; Mack and
Sninsky, 1988; Korber et al., 1991). This technique has
been demonstrated to be a sensitive method for the
detection of microbiclogical infections at the picogram
level. Therefore, the purpose of this study was to detect
a DNA fragment of MBV in larval shrimp using PCR.

In this experiment, virions and occlusion bodies of
MBYV from postlarval stage of P. monodon were puri-
fied and digested. The procedures for the development
of a diagnostic system for MBV using PCR technique
were also developed.

MATERIALS AND METHODS

1. Preparation of Purified Virions and
Occlusion Bodies

MBYV infection in the experimental shrimps was di-
agnosed using wet mounts as described by Lightner et
al. (1983). The hepatopancreata removed from postlar-
vae were placed on a slide with one drop of TE buffer
(0.02 M Tris, 1 mm EDTA, pH 7.5) and stained with
0.1% eosin. The specimen was then observed under an
Olympus (BH-2) light microscope.

Collection of MBV-infected postlarvae (PL) was per-
formed at stages of PL 10 to 30. The larvae were im-
mediately dissected under a dissection microscope and
the hepatopancreata were collected with forceps and
immediately immersed in cold TE buffer.

Approximately 100-300 pieces of hepatopancreata
in 1 ml TE buffer were homogenized and then filtered
through 400-pm Nytex-meshed sieves. The filtrates
were then centrifuged at 1000g for 20 min at 4°C. Both
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the supernatant and pellet were collected and sus-
pended in an appropriate volume of TE buffer and
loaded on a 30-50% discontinuous caesium chloride
(CsCl) density gradient and then uliracentrifuged at a
speed of 200,000g for 16 hr. The band from the CsCl
gradient was removed and pelleted by centrifugation
at 200,000g for 1 hr at 4°C. Subsequently, the pellet
was resuspended in TE buffer and then checked for the
presence of viral particles using a negative stain and a
HITACH 500 transmission electron microscope.

2. Preparation of Template for DNA Amplification

Following purification and confirmation of the pres-
ence of MBV virus and occlusion bodies as described
above, the bands containing occlusion bodies and viri-
ons were harvested and stored at 0°C until needed for
experimental use. The DNA of MBV was extracted
from purified MBV virions with TE buffer containing 1
mg/ml proteinase K, 1% N-lauroyl sarcosine, and 0.1 M
KCI at 65°C for 3 hr, followed by phenol-chloroform
extractions and ethanol precipitation. Precipitated
DNA was resuspended in 0.1 X TE buffer and the con-
centration of DNA was determined by electrophoresis
using a 1% agarose gel. The DNA was stained with
ethidium bromide and observed under uv light (TF-
20M, VILBER LOURMAT, France).

The DNA from hepatopancreata of postlarval P.
monodon was also prepared with proteinase K diges-
tion, phenol-chloroform extraction, and ethanol pre-
cipitation. This erude DNA was used as the template
for DNA amplification to determine the specificity of
the MBV DNA amplification system designed in this
experiment. The DNA obtained from muscle of P.
Japanicus, P, orientalis, and P. monodon prepared by
the same procedures as described above was used as
negative control.

3. Detection of MBV DNA by Amplification with PCR

According to nucleotide sequences (46-75 and 691—
722) of insect polyhedrin genes described by Rohrmann
(1986), two mixed primers, No. 35 (5'AC(CT)TA(CT)-
GTGTACGACAACAAATA(CT)TACAAAS') and No.
36 (6'GG(TC)GCGTC(TG)GG(TC)GCAAA(CT)-
TC(CTITT(TA)AC(TCITT(GA)AAS'), were designed to
amplify MBV DNA. Amplification of MBV DNA was
performed in a 100-pl PCR mixture containing 300 ng
template DNA, 10 mym Tris—HCIl, pH 8.3, 50 mm KCl,
1.5 mM MgCl,, 0.01% gelatin, 1.25 mM of each deoxy-
nucleotide triphosphate, 2.5 g of each primer, and 2.5
units of AmpliTaq DNA polymerase (Perkin—Elmer
Cetus). Subseguently, the mixture was overlaid with
50 pl of mineral oil to prevent evaporation. The reac-
tions were promoted by 35 cycles of denaturation, an-
nealing, and polymerization. The treatment for each
cycle included a heat denaturation temperature of
94°C for 1 min, annealing temperature of 42°C for 1
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min, and polymerization temperature of 72°C for 5
min, followed by exposure to 72°C for 15 min after the
last cycle. The prepared samples were electrophoresed
in a 1% agarose gel followed by staining with ethidium
bromide for the presence of amplified DNA of MBV.

4. DIG-Dot Blot Hybridization

To characterize the end product of PCR obtained
from DNA MBV obtained in the above section, the
technique of chemiluminescent detection of digoxigen-
in-labeled nucleic acid as described by Holtke et al.
(1992) was used. The DNA fragment produced from
PCR with molecular weight of approximately 600 bp
labeled with digoxigenin-labeled deoxyuridine-
triphosphate was used as probe. DNAs derived from
occiuded MBV, MBV-infected postlarvae, and nonin-
fected MBV were transferred into nylon membranes
via a 96-well dot-blot vacuum filtration Manifold
{Schleicher & Schuell, Inc., Keene, NH) under low vac-
uum with a slow filtration rate. Subsequently, the ma-
terials were denatured in denatured buffered solution
containing 0.5 M NaOH and 1.5 M NaCl and
crosslinked in an uv crosslinker. Hybridization, strin-
gent washes, and chemiluminescent detection were
then performed according to the procedures described
by Holtke et al. (1992).

RESULTS

Using the direct smear technique for the detection of
MBYV, 92% of the 50 randomly selected postlarvae of P.
monodon were demonstrated to be positive. The major-
ity of the postlarvae revealed heavily infected hepato-
pancrease with the presence of large amounts of occlu-
sion bodies in the infected cells (Fig. 1). The infected
cells showed hypertrophic nuclei containing spherical
occlusion bodies. Using 0.1% aquatic eosin solution wet
mounts the occlusion bodies were a dark red color in
the nuclei and a light red color in hepatopancreatic
cells (Fig. 1).

Two distinct bands were observed when the homoge-
nate of MBV-infected hepatopancreata of PLs were ul-
tracentrifugated at a speed 20,000g for 16 hr on a 30—
50% CsCl density gradient (Fig. 2). Each band was
then collected separately and CsCl was eradicated by
centrifugation. The presence of occlusion bodies and
viral particles in each band was determined by using
light and transmission electron microscope (TEM).
Band 1 from the CsCl gradient as presented in Fig. 3
was characterized by a specific density of 1.28-1.29
g/ml and contained free virus with or without nucleic
acid. Band 2 localized at a density of 1.32-1.38 g/ml
and contained only occlusion bodies of MBV (Fig. 4).
Observation of band 2 under TEM after negative stain-
ing, revealed the presence of both polyhedrin and viri-
ons (Fig. 5).

The MBV DNA extracted from purified MBV virions
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FIG. 1. Wet mounting of hepatopancreata, stained with eosin,
Penaeus monodon-type baculovirus (MBV) occlusion bodies observed
in majority of hepatopancreatocytes. Bar = 50 pm. OB, Occlusion
bodies of MBV; N, nucleus.

and occlusion bodies showed a single band at a high-
molecular-weight position after agarose gel electropho-
resis (Fig. 6).

The results of agarose gel electrophoresis performed
on the product of PCR of purified MBV DNA revealed
a distinct band (Fig. 7) following 35 amplification c¢y-
cles. When compared to the control marker, the size of
the PCR products was approximately 600 bp. In the
same gel, the excess primers were present at a lower
pogition on the gel (Fig. 7).

To test the specificity of the amplification system for
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FIG. 2. Isodensity banding of Penaeus monodon-type baculovirus
and occlusion bodies, purified from postlarvae of P. monodon, in cae-
sium chloride (CsCl) gradient (30-60%). Density of virus (FV) is
1.28-1.29 g/ml and density of occlusion bodies (OBs) is 1.32—
1.33 g/ml.
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FIG. 3. Nucleocapsid of Penaeus monodon-type baculovirus ob-
served under electron microscope by using negative-staining tech-
nique. Magnification 50,000x.

the detection of the MBV polyhedrin gene, crude DNA
extracted from hepatopancreata of postlarval stages of
P. monodon was used as template. As shown in Fig. &,
a single band of a 600-bp DNA fragment was visualized
in the gel under uv light. DNA extracted from unin-
fected P. japonicus, P. monodon, and P. oriental gave
no response as indicated in Fig. 8.

The results of DIG—dot blot presented in Fig. 9 shows
that positive reaction with an appearance of black dot

FIG. 4. Following purification from CsCl gradient, Penaeus mo-
nodon-type baculovirus occlusion bodies were observed under light
microscope. The samples were stained with 0.1% eosin. Bar = 50
pm.
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FIG. 5. Nucleocapsid of Penaeus monodon-type baculovirus and
the fragments of deoxyribonucleoprotein (DNP} exuded from nucleo-
capsid. Magnification 60,000%. P, polyhedrin

was obtained when DIG-dUTP-labeled DNA of MBV
produced from PCR reacted with purified MBV DNA
fragment (Fig. 9 Al and B1), Similar result was ob-
fained when the probe reacted with DNA extracted
from MBV-infected postlarvae (Fig. 9, A3, B3, and C2).
In contrast, when DNA of MBV-uninfected larvae was
detected a negative result was observed (Fig. 9, C1, C3,
and D1-3). These results may demonstrate that PCR
product obtained from the present study is originated
from a portion of polyhedrin gene of MBV.

DISCUSBION

The present study showed that purification of MBV
can be achieved by using caesium chloride gradient
technigues. In the purified fractions, except virions,
fragments of DNA that may be exuded from the nucleo-
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FIG. 6. Detection DNA of Penaeus monodon-type baculovirus in
1% agarose, Lane 1, A DNA/HindIll marker; Lane 2, MBV DNA.
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FIG. 7. Detection the products of polymerase chain reaction
(PCR) for DNA of Penaeus monodon-type baculovirus. Lane 1, A
DNA/HindlIl marker; Lane 2, PCR products of MBV DNA.

capsid of MBV were also observed when negative stain
for electron microscopy was used.

Similar exudation was also observed when Heliothis
zea single nuclear polyhedrosis virus (SNPV) was pu-
rified (Kelly et al., 1983). This SNPV-exuded material
was demonstrated to be associated with basic proteing
constituting a deoxyribonucleoprotein (DNP) (Burley
et al., 1982; Kelly ef al.,, 1983). The diameter of DNP
observed from SNPV was approximately 10 nm, which
is similar {0 the DNA fragment obtained from MBV in
the present study.

Our results also demonstrated that ocelusion bodies
(OBs) of MBV are fragile under mechanical agitation.
Therefore when following centrifugation for purifica-
tion OBs, the crystal polyhedrin and polyhedral virions
would be observed simultaneously.

Although Baculovirus penaei is also an occluded bac-
ulovirus, it possesses a different buoyant density. The
present study showed that the densities of MBV virions
and occlusion bodies were 1.28-1.29 and 1.32-1.33
g/ml, respectively. However, the buoyant density of B.
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FIG. 8. Detection DNA of Penaeus monodon-type baculovirus in
MBV-infected shrimp and DNA from varicus shrimp tissues by poly-
merase chain reaction. Lane 1, x DNA/HindIII marker; Lane 2 and 3,
MBV-infected postlarvae; Lane 4-7, MBV-uninfected postlarvae;
Lane 8, DNA of P. monodon,; Lane 9, DNA of P. japonicus; Lane 10,
DNA of P, oriental; Lane 11, [1X174 DNA/Haelll marker.
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FIG. 9. Chemiluminescent detection of MBV DNA fragment on
dot blot of DIG-labeled PCR-produced DNA fragment of Penaeus
monodon-type baculovirus (MBV). Various purified DNA were blot-
ted onto positively charged nylon membranes and then hybridized
with the labeled probe. Well Al, purified MBV DNA; well A2, puri-
fied MBV DNA,; well B1, negative control of unhybridized PCR prod-
uct of MBV DNA; well B2, unhybridized BMV DNA. The wells A3,
B3, and C2 were MBV-infected postlarvae and C1, C3, and D1-3
were MBV uninfected postlarvae.

penaei reported by Bruce et al. (1991) is 1.32 g/ml,
which is similar to the density of MBV occlusion bed-
ies.

Agarose gel electrophoresis of the purified DNA of
MBYV revealed a single band of high molecular weight.
The molecular weight of MBV DNA was compared to
EcoRI-cleaved fragments and estimated to be 100-
200K bp (Chang et al., 1991).

This is the first report of the detection of MBV using
the polymerase chain reaction. Two primers used in
this study were designed according to conserved se-
quences of the insect baculovirus polyhedrin gene. Pu-
rified PCR product of DNA fragments of MBV as a
hybridization probe was demonstrated to be able to re-
act with purified MBV DNA. It is therefore suggested
that polyhedrin genes of insect baculoviruses and the
genome of MBV may possess similar conserved se-
quences. The result of chemiluminescent detection
may also confirm that the DNA product of PCR ob-
tained from the present study is originated from MBV.
The excellent amplification for MBV DNA fragment
presented in this paper may provide sequence informa-
tion for the preparation of a DNA probe which could be
used to accurately diagnose MBV infection of P. mo-
nodon.

Based on fresh smears and histopathological obser-
vations, the detectable stage for MBV in P. monodon is
postlarvae 2 (PL2) (Chen et al., 1989). The use of PCR
and DNA probes may contribute to an early diagnosis
of MBV infection in larval shrimp. Understanding the
properties of the nucleic acid of MBV may be beneficial
to be development of preventive or curative measures
for MBV infection in host shrimps.
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