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COMPARISON OF VARIOUS METHODS OF DETECTION OF DIFFERENT
FORMS OF DENGUE VIRUS TYPE 2 RNA IN CULTURED CELLS
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Summary. - In this report, the sensitivity of various methods of detection of dengue virus type 2 (DEN-2)
sense, antisense, replicative intermediate (RI) and replicative form (RF) RNAs in infected mosquito dedes
pseudoscutellaris AP-61 and mammalian baby hamster kidney BHK-21 cells is compared. LiCl precipitation
was used for separation of viral RF RNA from RI RNA. Our results show that reverse transcription-polymer-
ase chain reaction (RT-PCR) followed by Southern blot analysis and slot blot hybridisation of LiCl-fractionat-
ed RNA were the most sensitive methods of detection of viral RNA and determination of its single-stranded
form. Northern blot analysis was the least sensitive method of detection of any form of viral RNA. Using slot
blot hybridisation of LiCl-precipitated RNA, viral RI RNA containing de nove synthesised negative strand
viral RNA was first detected 30 mins after virus inoculation in both cell lines. This is the earliest time of
detection of DEN viral RNA synthesis in host cells so far reported. However, RF RNA could not be detected
untit 24 hrs post infection (p.i.) in AP-61 and 2 days p.i. in BHK-21 cells, respectively. The sequential order of
individual forms of viral RNA detected in the infected cells was RI, RF and genomic RNAs. Viral RNA was
detected in AP-61 cells always earlier than in BHK-21 cells. Moreover, the level of viral RNA in AP-61 cells
was higher than that in BHK-21 cells, suggesting that the virus replicated more actively in AP-61 cells. In
conclusion, the LiCl separation of viral RNA followed by slot blot hybridisation was found to be the most
sensitive and reliable method of detection of DEN virus RI, RF and genomic RNAs in the infected cells.
Moreover, this method can be applied to determine the replication status of any single-stranded RNA virus in
the host.
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Introduction

Currently, the rate of viral RNA synthesis has been inves-
tigated by pulse-chase experiments with radioisotope-labelled
viral RNA followed by sucrose gradient fractionation (Cleaves
et al., 1981; Stollar ef al., 1967; Wengler and Gross, 1978).
Northern blot analysis was utilized to monitor viral sense

Abbreviations: AS-PCR = asymmetric PCR; DEN = denguc;
DEN-2 = DEN virus type 2; DEPC = diethyl pyrocarbonate;
DHFR = dihydrofolate reductase; PBS = phosphate-buffered sa-
ling; PCR = polymerase chain reaction; RF = replicative form;
RI = replicative intermediate; RNase = ribonuclease; RT = reverse
transeription; SDS = sodium dodecy! sulfate

(+) RNA synthesis using an antisense (~) RNA probe by
asymmetric PCR (AS-PCR) (Cleaves et al., 1981; L et al.,
1994). With PCR, also the study of antisense viral RNA syn-
thesis using viral sense RNA probe became available (Shimi-
zu et al., 1992). Human epidermoid carcinoma KB cells in-
fected with DEN-2 virus synthesised three types of RNA of
sedimentation coefficients greater than 18 S. The first type
is RF RNA which is soluble in 2 mol/l LiCl, sediments as
a discrete species at about 20 S, and is RNase-resistant in
more than 95%. RF RNA is a double-stranded molecule
which acts ag a recycling template for semiconservative and
asymmetric replication (Baltimore and Girand, 1966), The
second type 1s a discrete 40 — 42 S species which is insolu-
ble in 2 mol/l LiCl and RNase-sensitive in more than 95%.
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This RNA s the ﬂ;iny}ew@tmndci genomic RNA. The third
type is RI RNA insoluble in 2 mol/l LiCl, heterogeneous in
size (20 — 28 8) and RNA-sensitive in 50% - 70% (Frank-
lin, 1966). RI RNA consists at any time of the minus strand
(template), a displaced full 1«.‘/11;; th plus strand, and an almost
completed base-paired plus strand. As the release of the dis-
placed plus strand progresses, the growing plus strand 1s com-
pleted but remains attached along its entire length to the mi-

nus strand template, and the whole REF molecule is regencrat-
ed. It has been estimated that 12 - for the
synthesis of a complete plus strand (Cleaves et al, ()%H)
Separation of flavivirus RERNA from RIF RNA by the LiC]
precipitation represented an important advance in the study
of viral replication because the two RNA species could not
be satisfactorily resolved by gel electrophoresis or sedimen-
tation (Chu and Westaway, 1985). However, the LiCl precip-
tation can not separate RI RNA from genomic RNA (both

LS mins 1s needed

are precipitated) and the detection sensitivity of current elec-
trophoresis is very low.
The temporal sequence in the appearance of various forms

of DEN viral RNA, - RI) RF and genomic RMNAs was
demonstrated by pulse-chase studies of [ 'H]- ,mdnm‘:I::ﬂjm[lmd
viral RINAs, (Cleaves ef. all, 1981), and by RNA polymer-
ase assay i vitro (Chu .md Westaveay, 1985},

DEMN viruses transmitted between I‘WMQMMM;n‘u«;] -
mals demonstrate mmpﬂw interactions of
invertebrate and mammalian cells (Schlesinger eral., 1986,
and Olson, 1973). Although RNA synthe-
EN wiruses in different hosts 1s similar, the activity

»f DEN viruses, the response of host cells, and the antige
ic response in different hosts vary widely (Westaway, 1987},

15 known that flaviviruses can acutely infect mammalian
H,MHI)UU)M]Y persistently infect mosguito cells. A study on
the relationship between viral multiphication and host cell
response at molecular level in different hosts should pave
the way to the understanding of the interaction of DEN vi-
ruses with mosquito and human,

v this report, we detected the accumulated DEN virus
sense and antisense RNAs by Northern blot analysis and
REPCR combined with Southern blot analysis. We also dis-
tnguished DEN viral RE RNA from RI RNA by LiC] pre-
cipttation, and detected the RNAs by slot blot hybridisa-
tion, In comparison, RT-PCR 'nl‘owmi by Southern blot

nalysis and slot blothybridisation of LiCl-precipitated RNA
were found to be the most sensitive me tl ods of detection of
PEN viral RNA, Morcaver, the latter method could hu used
to monitor replication of RNA viruses in general.

these viruses with
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sis of DF

Materials and Methods

Virus, DEN-2 (New Guinea ¢ vnm Was Zrown imn mosguito
B

Acdes pseudoscutellaris AP-61 cells, To prevent selection of mu-

tants, the virus was passaged not more than three times in these
cells, After 6 to 7 days of mcubation, the supernatant fluid har-
vested from infected cultures was clarified by centrifugation at
600 x g for 10 mins. The virus was pelleted at 63,000 x g for
2 brs and resuspended in 1/100 of original volume of phosphate-
buffered saline (5’[%5») The virus was further purified by sucrose
ﬁmw ty gradient centrifugation by resuspending the virus pellets
v /100 of origh M volume uf‘ ('H)I WJI'] Tris. HM pH 7.8,
Uﬂﬂfi mol/l NaCl and 0.005 mol/l EDTA. The virus sample was
Ez‘w‘m density gradient off’v?/m 25% (wiv) sucrose and cen-
rifuged for 2.5 hre at 65,000 % g ina SW4T rotor, The virus-con-
taming band was saved and served as stock virus (100 PFU/mb).
Celdl lines. »i!m’m‘ pendoscutellaris AP-61 cells (Varma et al,
P74y were grovwn in L- M Medmm (Hazleton, USA Y with 10% of
alf serum at 7» C. Baby hamster kidney BHE-21 cells were
BrOW In f‘x:rugglu‘ s Mintmum Essential Medium with 10% of foetal
calf serum at 37°C i a COLincubator
Experimental cell f’rxk,fi&'«flm‘n‘ DEN-2Z virus was used at
a multiplicity of 1 PFU per cell for infection of AP-61 and BHK-21
cells, After 2 hrs of virus adsorption to cells, the virus inoculum
was removed, a fresh i was added, and this tin
garded as the 0 hr p.i.
Virus titration was con

cdona

foetal ¢

mediu TIE Was re-

rducted in BHK- ndard
plague assay (Lanciotti er af, 1992),

Virus harvesting. AP-61 cells grown in T-75 flasks
USA) were collected s1x days pai. and centrifuged at 15,000 x g
for 10 mins to remove cellular debris. The supernatant was then
u}trziwmri111;1«‘:«‘1 m a Ti50 rotor at H } Q00 % g at 4°C fm‘ 3 hrs,
The viral pellets were resuspended in PBS pH 7, filiered th
a 0.2 pm filter (Poretics, Iz‘»A) nd stored at -70°C

RNA extraction was carried out according to Chomezynski
and Sacchi (1987) with slight modif
natant from virus-i

21 cells by a sta

(Casta

rough

cation. In brief, the super-
nfecte i(.,t:,lﬂ,% was mixed with an equal volume
of lysis buffor (8 mol/l guamdine i 50 mmaol/l so-
dium citrate, 100 mmol/l 2-mercaptoethanol, 1% Sarkosvl, and
bomg/ml yeast tRNA). For RNA extraction from infected cells,
the Tysis buffer was used in \U Vo concentration. The sample was
sequentially mixed with a 1710 volume of 3 mol/l sodium ace-
e pH 5,20 an equal mlmnu of water-cquilibr
a /5 volume of chloroform, and shaken. The mi
trifuged at 20,000 x g for 15 mins, emai thu agqueous phase was
removed and mixed with 2.5 volumes of 95% cthanol, After con-

sothiorvanate,

ated phenol. and
IEXTUTE Was cen-

trifugation, the resulting RNA pellet was washed with 75% ¢th-
anol and im sotved i lm%m ille (i water treated with diethvl pyro-
carbonate (DEPCY.

Naorthern blor anabvsis. Total RNA (30 pyg) extracted from cells
was first denatured in glvoxal sotution (1 mol/l glvoxal and
1O mmol/l sodiom phosphate pH 6.5) for T hr at S0°C, electro-
phoresed i 1% agarose gebat 800V and 20 mA for 2 hrs, and blot-
ted (o Hybond-N membrane (Amcersham, USAY i 25 mmol/l sodi-
wm phosphate pH 6.5 The blot was then hybridised with a
[o-"PIAATP probe (Sambrook of al.. 1989) prepared by AS-PCR
(Bednarceuk e af., 1991) and labelled to a w}mum activity of
4 x 108 dpm/ug. xposed to Kodak X-OMAT AR film.

Primers and probes. Al the primers were synthesised by use

of an Applicd Biosystems DNA Synthesizer (Model 39 1) and pu-
vified !lnm gh an oligonucleotide purification cartridge. DEN vi-
s pPrimers (H(.«m hal e ail., 1991) were as follows:

The blot was ex





















