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ABSTRACT

Oryctes nudivirus (OrNV) is a classical biocontrol 
agent for the rhinoceros beetle, Oryctes rhinoceros, 
a notorious oil palm pest. The propagation of 
Malaysian OrNV types A, B and C in cell line 
DSIR-HA-1179 was determined. Successful 
replication of OrNV in the cell line was confirmed 
by the appearance of cytopathic effects (CPE), 
Polymerase chain reaction (PCR) analysis, and the 
reduction in viable cell density of the infected cells 
relative to the healthy cells. The virulence of the 
cells-propagated OrNV was then compared to the 
freshly-prepared OrNV on the rhinoceros beetle. 
Both sources of OrNV were capable of causing 
mortality and infectivity on rhinoceros beetle and 
the feeding behaviour of the infected neonates was 
greatly affected. The results indicated that OrNV 
developed in cell culture is infectious on the beetle 
and that the mass production of the virus in the 
future requires a standard assessment process.

ABSTRAK

Oryctes nudivirus (OrNV) adalah agen kawalan 
secara biologi bagi perosak utama tanaman 
sawit iaitu kumbang badak, Oryctes rhinoceros. 
Propagasi tiga varian virus OrNV jenis A, B, 
dan C di dalam sel kultur serangga DSIR-
HA-1179 telah dikaji. Kejayaan replikasi tiga 
jenis OrNV di dalam sel kultur telah disahkan 
berdasarkan kemunculan kesan sitopatik 
(CPE), analisis reaksi rantai polimerase (PCR), 
dan penurunan ketumpatan sel hidup oleh 
sel yang terjangkit dengan virus berbanding 
dengan sel yang sihat. Perbandingan tahap 
kevirulenan OrNV yang dihasilkan melalui sel 
kultur dengan OrNV yang dihasilkan terus dari 
usus telah dijalankan ke atas kumbang badak. 
Kedua-dua sumber OrNV didapati mampu 
menyebabkan kematian dan jangkitan ke atas 
kumbang badak dan sangat mempengaruhi 
kadar pemakanan kumbang dewasa yang 
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INTRODUCTION

Infestations of the rhinoceros beetle, Oryctes 
rhinoceros on the oil palms and coconuts had 
rendered serious dilemma in the industry among 
the planters, particularly in South East Asia and 
Pacific Islands (Bedford, 2013). In Malaysia, the 
outbreaks of the rhinoceros beetle are highly 
correlated with the abundance of breeding sites 
during the early stages of replanting of young oil 
palms. Being monocotyledons, severe attacks by 
a group of beetles have led to the mortality of the 
palms, especially those young palms below three 
years old (Cik Mohd Rizuan et al., 2014). The feeding 
activity of the adult beetles on the unopened shoots 
caused severe damages to the palm leaves, which 
in turn affected the yield of the infested palms. 
As a response towards the high infestation by the 
rhinoceros beetle, an Integrated Pest Management 
(IPM) was established and comprised of several 
control measures such as mechanical, chemical, 
physical and biological methods. Since the discovery 
of the OrNV by Huger (1966), this virus has been 
introduced into various infected areas globally and 
successful in controlling the beetle populations. In 
spite of that, the current method for propagating 
the OrNV is tedious and labour intensive. Thus, the 
first attempt to produce the Malaysian OrNV in the 
insect cell culture, DSIR-HA-1179 and its infectivity 
on different life stages of rhinoceros beetle were 
evaluated.

METHODOLOGY

Insect Cell Line, DSIR-HA-1179

 The insect cell line DSIR-HA-1179 used in 
the study was obtained from AgResearch, New 
Zealand. The cells were grown in a 25 cm2 flask 
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containing PS100 media with an additional of 10 % 
of fetal bovine serum (FBS) and antibiotics.

Source of Virus Inoculums

 The three types of OrNV (types A, B, and C) 
inoculums were prepared from the infected guts 
of adult rhinoceros beetles trapped from their 
locations. Prior to the propagation of the OrNV, 
the initial concentration of the cells in each flask 
was standardised and 100 µl of OrNV solutions 
were added to the cell culture after two days of 
incubation. Two weeks after inoculation, the OrNV 
was harvested and purified to avoid the presence of 
impurities and other microorganisms.

Source of Larvae and Neonates

 The third instar larvae (L3) were manually-
collected from the breeding sites at the Regent 
Estate of IOI in Melaka, Malaysia. Prior to the 
experiment, the inspection was conducted 
where larvae with any signs of viral or fungal 
infection were discarded. The healthy larvae were 
maintained individually in a plastic container half-
filled with moist chipped palm trunks. The larvae 
were then kept in an outdoor insectory. The food 
substrates were replaced every two weeks until 
the larvae turned into pre-pupae. Prior to bioassay, 
the presence of OrNV in larvae was assessed using 
PCR analysis and the results showed that the 
larvae samples were free from OrNV infection.

Molecular Analysis (DNA Extraction and PCR)

 The molecular analysis in this study was based 
on the protocols by Ramle et al. (2011). In general, the 
gut tissues of larvae and neonates were processed 
using conventional DNA extraction methods. All 
the samples were homogenised and mixed with 
the disruption buffer to break the cells and extract 
the DNA. Equal volume of phenol-chloroform-
isoamylalcohol (PCI) (25:24:1) was added to the 
solutions and incubated for an hour. Then, the 
extracted DNA will be precipitated with sodium 
acetate (NaAc) and alcohol before re-suspended in 
Tris-EDTA (TE) buffer. The amplified products were 
electrophoresed on agarose gel, which has been 
stained with Ethidium Bromide.

 For PCR analysis, each tube contained a 
mixture of extracted OrNV DNA and lysis buffer. 
The analysis was carried out in PCR Thermocycler 
machine for 2 hr and 30 min. The gel was then 
visualised where the presence of a single DNA band 
at 945 bp confirmed that the sample was infected by 
OrNV. 

Propagation of Malaysian OrNV in Cell Line 
DSIR-HA 1179

 On the fourth day after subculture, the cell 
culture was inoculated by adding 100 µl of the 

respective OrNV solution. Flask for control 
treatment was left uninoculated. The evaluation of 
virus activity on the cells was performed every four 
days up to 16 days after inoculation (DAI). Three 
flasks were randomly picked and the number of cells 
was counted using a Neubauer haemocytometer on 
each sampling day. 

Comparative Infectivity of Cells-Propagated and 
Freshly-Prepared OrNV on Larvae 

 Types A, B, and C of OrNV from two different 
preparations of inoculum were evaluated on larvae. 
The first set of OrNV inoculum was prepared 
from two weeks old insect cell culture, while the 
second set inoculum was freshly prepared from 
the infected gut tissues of adult rhinoceros beetle. 
The concentration of each type of OrNV prepared 
from the both inoculums was standardised to 1-2 
x 104 IU/ml in 10% sucrose solution. Inoculation of 
larvae was conducted through peroral by placing 
the OrNV solution onto the mouthparts of the 
larvae. In the control treatment, the larvae were 
only inoculated with 10% sucrose solution. The data 
recording was stopped once one of the treatments 
recorded 100% mortality.

Infectivity of OrNV Propagated in Cell Culture on 
Neonates of Rhinoceros Beetle 

 Three treatments involved inoculation of 
neonates with OrNV types A, B, and C produced 
from cell culture. The concentration of each type of 
OrNV was standardised to 1-2 x 104 IU/ml in 10% 
sucrose solution. Upon inoculation, the neonates 
were transferred into an empty container to starve 
for 24 hours. Inoculation was done by placing 30 
µl of OrNV solution prepared in 10% sucrose onto 
the mouthparts of the neonates. As for control, the 
larvae were inoculated with 10% sucrose solution 
only. The feeding activity of the infected neonates 
was also observed during the experimental period.

RESULTS AND DISCUSSION

The Propagation of Malaysian OrNV in Insect 
Cell Line, DSIR-HA-1179 

 The infected cells experienced morphological 
changes of typical cytopathic effect (CPE), such as the 
formation of high numbers of small vesicles around 
the cells started from 10 days after inoculation (DAI) 
(Figure 1). The infected cells turned to round shape 
as the appendage’s structures disappeared from 
cells. The growth of the infected cells was usually 
noticeably lesser than the healthy cells (Crawford 
and Sheehan, 1985; Pushparajan et al., 2013). 
 
 The OrNV replication in cells also resulted 
density reduction of the viable cells in the treated 
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flasks. From 8 DAI to 16 DAI, the density of the 
viable cells in the treated flasks was significantly 
lower (P<0.05) than that in the untreated flasks 
(Figure 2). At 16 DAI, type B caused the lowest value 
of cell density of 0.29 x 105 viable cells/ml, then 
followed by type A at 1.49 x 105 viable cells/ml and 
type C at 4.78 x 105 viable cells/ml. The reduction 
in the numbers of infected cells was due to the 
deterioration of the cell nucleus, thus inhibiting cell 

division which leads to cell death (Crawford and 
Sheehan, 1985). 
 The PCR results also suggested that all types 
of OrNV were successfully multiplied in the cell 
culture as early as 4 DAI. A band at 945 bp was 
observed in all OrNV sampled from cell suspension 
infected with the tested OrNV. The PCR method 
is highly sensitive in detecting OrNV infection on 
rhinoceros beetle and the technique has been used 

Figure 1. The morphological appearance between the infected (left) and non-infected (right) cells by Oryctes 
nudivirus. Arrows showing the infected cells with cytopathic effects, forming vesicles around the cells at 

14 days after inoculation.  

Figure 2. The effect of OrNV types A, B, and C OrNV on growth of cell line DSIR-HA-1179. Bars in each graph 
with the same letters were not significantly different after Duncan Multiple Range Test (DMRT) at P=0.05.
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to determine the presence of the virus in samples in 
the management of rhinoceros beetle (Ramle et al., 
2010; Ramle et al., 2011).

Comparative Infectivity of Cells-propagated and 
Freshly-prepared OrNV on Larvae

 The highest mortality rate was recorded from 
OrNV prepared from cell culture as compared to 
OrNV prepared from infected guts (Figure 3). The 

experiment ended as soon as the larvae treated with 
OrNV type A from cells reached 100% mortality, 
significantly higher (P<0.05) than other treatments. 
However, despite having high mortality, most of 
the larvae were not dead from OrNV infection. The 
percentages of dead larvae infected by OrNV only 
range between 13.1% and 41.7%. At 30 DAT, the 
highest infectivity was recorded in treatment OrNV 
type A prepared from gut tissues of 41.7%. Based on 
the percentage of the total infectivity, the results in 
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Figure 3. The corrected cumulative mortality and infectivity by OrNV on L3 larvae of rhinoceros beetle.
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this study contradicted from the study reported by 
Ramle et al. (2011). As the larvae used in this study 
were L3 collected from the plantations, it has been 
exposed to other microbes from the natural food 
source and environment. The microbial activity 
within the guts, may have interfered with the virus 
infection in larvae (Ramle et al., 2011; Bedford, 2013).

Infectivity of OrNV Propagated in Cell Culture on 
Neonates of Rhinoceros Beetle

 Throughout the experimental period of 60 
days, the percentage mortality of neonates caused 
by all three cells-propagated OrNV (types A, B, 
and C) seemed to increase at each data recording 
(Figure 4). At 60 DAT, the percentage mortality of 
neonates reached the highest level, with both OrNV 
types A and B recorded the same mortality of 96% 
and type C recorded 92%. Substantial reduction 
in food consumption could be due to the massive 
replication of OrNV in the midgut tissues of the 
neonates (Figure 4). Extensive replication of OrNV 
in the midgut, caused the midgut full with virus 
particles, in which substantially disrupted the 
natural feeding behavior of the neonates (Huger, 
1966; Huger and Krieg, 1991).

CONCLUSION

The replication of the Malaysian OrNV types A, 
B, and C in cell line DSIR-HA-1179 was confirmed 
by the appearance of CPE in the infected cells, 
a single band at 945 bp in PCR analysis, and the 
reduction in viable cell density of the infected cells 
as compared to the healthy cells. This study also 
found that OrNV prepared from the cell culture 
has comparatively high infectivity as compared 
to OrNV freshly prepared from the infected gut 
tissues on the L3 larvae. It was noted that all OrNV 
produced on cell culture were pathogenic against 
the neonates of rhinoceros beetle with OrNV type 
B as the most pathogenic, causing the highest 
infection rate. The inoculation of OrNV also seemed 
to be affecting the feeding behavior of the neonates. 
The effects were observed during the early stage of 
the experiment starting from 24 DAT. During this 
period, the food consumption by all tested OrNV 
was rapidly reduced and maintained low till the 
experiment ended at 60 DAT.
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