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The purpose of this study was to investigate the char-

acteristics of Mamestra brassicae nucleopolyhedrovi-

rus (MabrNPV)-K1 isolated in Korea. Polyhedra of

MabrNPV-K1 showed irregular appearance in shape

with the average diameter 1.8 µm. MabrNPV-K1 con-

tained a number of nucleocapsids within a viral enve-

lope embedded in polyhedron. The polyhedrin of

MabrNPV-K1 was composed of single polypeptide

with a M.W. of approximate 31 kDa which is identical

to the commercialized MabrNPV, Mamestrin, as a bio-

logical control agent. The nucleotide and amino acid

sequences within the coding region of MabrNPV-K1

polyhedrin shared 99.0% similarity with the polyhe-

drin gene from previous reported MabrNPVs. The

median lethal concentrations (LC50) of MabrNPV-K1

and Mamestrin to M. brassicae larvae were 3.9 × 103

PIBs/larva and 6.0 × 104 PIBs/larva, respectively. Mor-

tality of the MabrNPV-K1 against to the third instars

larvae was 15 times higher than that of the Mamestrin.

The median lethal times (LT50) of MabrNPV-K1 by the

concentration of polyhedra were lower (4.4 ~ 6.1 days)

than those of Mamestrin (4.1 ~ 8.6 days). These results

suggest that a local strain MabrNPV-K1 has high

pathogenicity to M. brassicae and may be useful for the

development of biological control agent to control this. 
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Introduction

Baculovirus infection have been reported in over 600

insect species of the order Hymenoptera, Diptera, Coleo-

ptera, Neuroptera, Trichoptera and Thysanura, as well as

in the Crustaceae order Decapoda (Murphy et al., 1995).

The family is divided into two genera, nucleopolyhedrovi-

rus (NPV) and granulovirus (GV). The NPV has been

well investigated because of its potential for use as an

insect pest control agent and vector for the expression of

various heterologous genes under the control of polyhe-

drin promoter (Smith et al., 1983; Miller, 1988; Maeda,

1994; Woo et al., 2000).

The cabbage armyworm, Mamestra brassicae is an

important insect pest of vegetables and ornamental plants

in Europe and Asia including Korea. Several NPVs have

been isolated from M. brassicae over wide regions of

Europe and Japan (Aruga et al., 1960; Okada, 1977; Vlak

and Groner, 1980; Brown et al., 1981). These viruses,

named MabrNPV, have been considered useful biological-

control agents for M. brassicae (Akutsu, 1972; Brown et

al., 1981; Evans and Allaway, 1983). There are several

reports of the identification and characterization of

MabrNPV strains isolated in Europe (Kelly and Brown,

1980; Vlak and Groner, 1980; Erlandson, 1990; Clarke et

al., 1996; Rovesti et al., 2000). However, the character-

ization of the Korean strain of M. brassicae NPV

(MabrNPV) was poorly characterized until now. In Korea,

recently, the population of M. brassicae is rapidly increas-

ing and exhibit resistance to chemical insecticide. For the

practical use of NPV as a biological control agent of pests,

it is necessary to identify and characterize the virus strain

in advance. The objective of our study was the patho-

genic, morphologic and genetic characterization of a local
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strain of MabrNPV-K1 derived from a diseased larva of

M. brassicae found in Korea.

Materials and Methods

Insect and viruses

M. brassicae larvae from National Institute of Highland

Agriculture (Pyeongchang, Korea) were maintained on a

Chinese cabbage diet at 23oC, 60% relative humidity and

an 18L:6D photoperiod. An isolate of MabrNPV was

obtained from dead larvae with NPV symptom and named

MabrNPV-K1. The virus was multiplied in third instars

larvae of M. brassicae for mass production. To purify

polyhedra, homogenate of MabrNPV-K1 infected larva

was filtered through sterile cheesecloth. The mixture was

centrifuged at 3,000 rpm for 5 min, and then, the pellet

was resuspended in washing buffer (50 mM Tris-HCl,

pH 8.0, 10 mM EDTA, 5% β-mercaptoethanol, 4% SDS),

and incubated at 37oC for 30 min. The mixture was cen-

trifuged at 3,000 rpm for 5 min. Purified polyhedra was

maintained at 4oC until to use. Mamestrin, commercial

insecticide using MabrNPV, was used as a control virus in

this study.

Electron microscopy

For scanning electron microscopy, the purified polyhedra

were dried at the critical point in CO2. The sample were

sputtered with gold in sputter coater SC502 (polaron, UK)

and observed using field emission scanning electron

microscope JSM-6700F (JEOL, Japan). For transmission

electron microscopy, the purified polyhedra were fixed for

2 hrs by 2% paraformaldehyde and 2% and 2% glutaral-

dehyde in 0.05 M sodium cacodylate buffer (pH 7.2).

After post-fixation by 1% OsO4 in the same buffer, the

samples were dehydrated in ethanol/propylene oxide

series and embedded in Epon-Areldite mixture. Ultra-thin

sections were performed with a RMC MT-X ultramicro-

tome and photographed under the transmission electron

microscope JEM-1010 (JEOL, Japan).

SDS-PAGE

The purified polyhedra were mixed with an equal amount

of the 2× protein sample buffer (125 mM Tris-HCl,

pH 6.8, 20% Glycerol, 4% SDS, 2% β-mercaptoethanol,

0.04% bromophenol blue). The samples were boiled for 5

Fig. 1. Scanning electron (upper) and transmission electron (lower) micrographs of the polyhedra of MabrNPV-K1 (A) and

Mamestrin (B). Bar markers on upper and lower panels represent 1 µm and 200 nm, respectively.



Characterization of MabrNPV-K1 127

min and were clarified by centrifugation (12,000 rpm for

5 min). The polyhedral protein was separated on a 12%

polyacrylamide gel containing SDS as described by

Laemmli (1970). The gel was stained with Coomassie

brilliant blue.

Polyhedrin gene analysis

To identify the polyhedrin gene including flanking regions,

the PCR was performed using the specific primer, 5’-

ATGCGCTGGTATAATTTAGAAGAT-3’ (MbpolF) and

5’-ATGTCAATAAAATACTTACGTATCA -3’ (MbpolR),

corresponding to bases −174 to −151 on the coding strand

and bases +760 to +784 on the opposite strand of the pre-

vious reported polyhedrin gene of MabrNPV (Cameron

and Possee, 1989), respectively. The reaction was carried

out using PreMixTm-Top (Bioneer Co., Korea), 50 ng of

viral DNA and 1 µl of each primer in a total volume of

20 µl. Amplification was accomplished with the DNA

Thermal Cycler (Takara, Japan). Following amplification,

the PCR product was analysed by 1.0% agarose gel elec-

trophoresis. The amplified PCR products were cloned into

a T&A Cloning Vector (RBC Bioscience Co., Singapore)

and sequenced.

Bioassay

In order to estimate the pathogenicity of MabrNPV-K1,

bioassay was carried out with third instars of M. brassicae

larvae by using a droplet-feeding bioassay with four virus

doses (1×104, 1×105, 1×106 and 1×107 PIBs/larva) and

20 larvae per dose. Mortality was tabulated daily and mor-

tality response data were analysed on the basis of mor-

tality on day 7 post-infection. LD50 estimates were deter-

mined by Probit analysis (Finney, 1971).

Fig. 2. SDS-PAGE analysis of polyhedral proteins. Polyhedra

were purified from infected larvae as described in the Methods

and subjected to a 12% SDS-PAGE. Lane M, Protein size

marker; lane 1, MabrNPV-K1; lane 2, Mamestrin; lane 3,

Autographa californica NPV; lane 4, Spodoptera exigua NPV;

lane 5, Bombyx mori NPV.

Fig. 3. Specific PCR amplification (A) and nucleotide

sequence (B) of the polyhedrin gene region of MabrNPV-K1.

Lane M, DNA size marker; lane 1, MabrNPV-K1. Nucleotide

sequences were compared with those of MabrNPV previously

reported in other strain (GenBank, accession No. M20927).

The deduced amino acids are indicated with one-letter code

designation. ATG in boldface type indicates the start cordon,

and the first nucleotide upstream and downstream of the ATG

start cordon is numbered −1 and +1.
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Results and Discussion

Appearance of polyhedra

The polyhedra of the MabrNPV-K1 isolate were observed

as irregularly shaped, proteinaceous occlusion bodies

(Fig. 1A), which are general features of MabrNPV. The

morphology of polyhedra between MabrNPV-K1 and

Mamestrin was similar. However, the polyhedra of

MabrNPV-K1 were larger (1.5 ~ 2.3 µm across) than those

of Mamestrin (1.3 ~ 1.9 µm across). Transmission electron

microscopy revealed that MabrNPV-K1 had bundles of

virions in the nucleocapsid, which belonged to MNPV

(Fig. 1A). The size and number of contained virions bet-

ween two viruses did not show any significant difference

(Fig. 1). These results suggest that MabrNPV-K1 may

have higher virulence than Mamestrin when same number

of polyhedra applied to insect larva.

Polyhedral protein and polyhedrin gene analysis

To analysis the polyhedral protein of MabrNPV-K1, poly-

hedral protein was subjected to SDS-PAGE. Polyhedral

protein was determined to have a MW of 31 kDa, which

was similar to those of the Mamestrin and Autographa

californica NPV but different from those of the

Fig. 4. Pathogenicity of MabrNPV-K1 (A) and Mamestrin (B) to 3rd instars in M. brassicae larvae.

Table 1. Comparison of nucleotide and amino acid sequence identities (%) of the polyhedrin gene of MabrNPV-K1 with those

of other MabrNPVs

MabrNPV-K1
GenBank Accession No.

AB198073 M20927 E08532

Nucleotides 738 bp 99% 99% 99%

Amino acids 246 aa 99% 99% 99%

Table 2. Values of lethal concentration (LC50) of MabrNPV-K1 and Mamestrin against 3rd instars of M. brassicae larvae

Virus LC50 (PIBs/larva)
95% Fiducial limits

Lower Upper

MabrNPV-K1 3915.74 0 46793.96

Mamestrin 60021.01 34012.06 99641.94

Table 3. Values of lethal times (LT50) of MabrNPV-K1 and Mamestrin against 3rd instars of M. brassicae larvae

Concentrations

(PIBs/larva)

LT50(95%CL) LT95(95%CL)

MabrNPV-K1 Mamestrin MabrNPV-K1 Mamestrin

1.0×107 4.43(4.1−4.1) 4.16(3.9−4.4) 6.98(6.4−7.7) 6.18(5.7−6.9)

1.0×106 5.46(5.1−5.7) 5.14(4.8−5.3) 8.54(7.9−9.4) 7.83(7.3−8.5)

1.0×105 6.44(5.9−6.9) 6.44(5.9−6.9) 9.24(8.3−11.3) 9.24(8.3−11.3)

1.0×104 6.17(5.5−6.6) 8.67(7.4−10.0) 9.31(8.2−11.2) 15.57(11.1−21.8)
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Spodoptera exigua NPV and Bombyx mori NPV (Fig. 2).

Approximately 0.96 Kb DNA fragment of the polyhedrin

gene including its flanking regions was successfully

amplified (Fig. 3A). A total of 958 nucleotides sequences

were determined, and it coincides with previous-reported

NPV polyhedrin gene sequences (Cameron and Possee,

1989) (Fig. 3). The sequencing results showed that the

PCR product was a fragment of corresponding to the pre-

vious reported polyhedrin gene (Fig. 3B), and the pres-

ence of an open reading frame (ORF) of 738 nucleotides,

which could encode 246 amino acid residues. The nucle-

otide and amino acid sequences within the coding region

of MabrNPV-K1 polyhedrin gene shared 99.0% similarity

with the polyhedrin gene from previous reported MabrN-

PVs (Table 1).

Pathogenicity of MabrNPV-K1

The pathogenicity of MabrNPV-K1 was evaluated against

to third instars of M. brassicae larvae. The value of lethal

concentration (LC50) of MabrNPV-K1 was about 15 times

higher than that of Mamestrin as 3.9×103 PIBs per larva

and 6.0×104 PIBs per larva (Table 2), respectively. This

coincides with the results of polyhedra morphology com-

parison (Fig. 1). However, the median lethal times of

MabrNPV-K1 were similar those of Mamestrin, except at

1×104 dose (Table 3). The progression rates to death also

differed significantly. While 100% mortality of MabrNPV-

K1 treated larvae was shown at 10 days, Mamestrin

showed 100% mortality at 13 days (Fig. 4). These results

suggest that the higher pathogenicity of MabrNPV-K1

provides the possibility of the development of effective

viral insecticide using this for the control of M. brassicae.
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