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Technical Tip  

Selective 
Detection of 

Hepatitis B Virus 
RNA by PCR 

Richard Sallie 

The Liver Diseases Section, National 
Institute of Diabetes, Digestive and 

Kidney Diseases, The National Institutes 
of Health, 

Bethesda, Maryland 20892 

The hepatitis B virus (HBV) is a circular, 
partially double-stranded DNA virus of 
- 3 . 2  kb in length. The genome codes for 
at least three different-sized polyadeny- 
lated RNA species, each of which  results 
in the synthesis of different proteins. (1~ 
HBV RNA, as evidence for transcriptional 
activity, is often sought wi thin  tissues in 
the investigation of disease pathogene- 
sis, but it is frequently difficult to obtain 
sufficient RNA from clinical samples 
(such as those obtained by needle bi- 
opsy) to perform Northern blot analysis 
or RNase protection assay. HBV, unlike 
some other viruses (notably cytomegalo- 
virus), lacks introns; hence, detection of 
HBV RNA by reverse transcriptase poly- 
merase chain  reaction (RT-PCR) requires 
convincing demonstrat ion of the com- 
plete e l iminat ion  of HBV DNA by pre- 
l iminary  DNase digestion. In situ hybrid- 
ization for HBV RNA is fraught with 
similar methodological  difficulties. This 
paper demonstrates the application of 
random amplif icat ion of cDNA ends 
(RACE) methodology (2~ to the detection 
of HBV RNA. The general principles of 
RACE have been described previously by 
other investigators, (2'3~ but the specific 
application to the detection of HBV RNA 
is demonstrated schematically in Fig- 
ure 1. 

MATERIALS AND METHODS 

RNA was purified from diagnostic needle 
liver biopsies performed on patients 
with chronic HBV (HBsAg positive, 
HBeAg positive) by guan id in ium isothio- 
cyanate. (4~ First-strand cDNA was synthe- 
sized using AMV RT and oligo(dT)-based 
cDNA primer A (Fig. 1) as follows: Total 
liver RNA (100 ng) in diethylpyrocarbon- 
ate (DEPC)-treated water was added to a 
mixture conta ining 20 ng of primer A, 4 
~l of lOx RT buffer ( l x  RT buffer=  50 
mM Tris-HC1 at pH 8.3, 50 mM KC1, 10 
mM MgC1, 0.5 mM spermidine,  10 mM 
DTT), 200 bI, M dNTPs in a total of 20 tzl, 
overlaid with two drops of mineral  oil, 
and incubated at 70~ for 5 min.  The 
mixture was cooled to 42~ prior to ad- 
dit ion of 10 units of AMV RT, 20 units of 
recombinant  RNase inhibi tor  (Promega), 
and DEPC-treated water to a total vol- 
u m e  of 40 ~l and incubated at 42~ for l 
hr. Nested PCR was then performed us- 
ing hot  start methodology (s~ and 5 i~1 of 
the first-round mix in a PCR reaction 
conta ining 200 ng each of the primers 
described by Larzul et al. (6~ [for the HBV 

(sense) componen t  of the result ing chi- 
meric molecule] or primers homologous  
to the oligo(dT)-based cDNA pr imer  (b • 
c, c = GGC GAC AC TCC ACC ATA GAT C, 
outer amplicon)  or (d• e=ATA GAT 
CGA ATT CGC GGC CGC, inner  ampli-  
con) and dNTPs at 50 i~moles, 1• PCR 
buffer (50 mM KC1, 10 mM Tris-HCl at pH 
9.0, 2.0 mM MgC1, 0.1% Triton X-IO0), 
and 2 units of Taq polymerase (Biotech 
International,  Bentley, Western Austra- 
lia), which  was added last with the reac- 
t ion at 85~ Twenty-five cycles of both  
outer and inner  ampl i f ica t ion were per- 
formed using 95~ for 1 min,  55~ for 1 
min,  and 72~ for 1 m i n  as the cycling 
parameters for both  outer and inner  
nested amplifications.  Non-nested PCR 
amplif icat ions for a l b u m i n  mRNA and 
HBV DNA were carried out using the 
same parameters (95~ for 1 min ,  55~ 
for 1 rain, and 72~ for 1 min) .  In addi- 
tion to positive and negative controls for 
amplif icat ion of HBV DNA (to demon-  
strate the presence of HBV DNA wi th in  
the tissues examined),  an internal  con- 
trol for the RT [primed by the locking- 
docking oligo(dT)-based pr imer  A] and 
amplif icat ion of mRNA (a lbumin)  was 
also run. Similarly, controls to conf i rm 
the importance of the oligo(dT)-based 
cDNA primer as well as the HBV-specific 
primers were also included in the exper- 
iments.  

RESULTS 

As demonstrated in Figure 2, RACE-PCR 
applied to HBV-infected liver tissue re- 
sulted in specific amplif icat ion of RNA 
owing to single bands of ampl i f ied  prod- 
uct that is conf i rmed to be HBV se- 
quence by Southern blot analysis. Omis- 
sion of the oligo(dT)-based pr imer  from 
the RT step or pre l iminary  RNase diges- 
tion prior to cDNA synthesis resulted in 
failure of amplif icat ion,  conf i rming  that  
polyadenylated RNA was the template  
for amplif icat ion.  In contrast, RACE- 
PCR performed with full- length p lasmid  
HBV DNA as a template did not  result in 
an ampli f ied product, conf i rming  that  
this technique is specific for HBV RNA. 
Figure 2 demonstrates specific amplifica- 
t ion of HBV RNA and confi rms that  (1) 
HBV DNA is not  ampli f ied by this 
me thod  even when  target template  is 
present in relatively h igh  concentra- 
tions, and (2) the process is condi t ional  
on the use of the oligo(dT)-based cDNA 
primer conf i rming polyadenyla t ion  of 
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FIGURE 1 Schematic diagram of RACE-PCR as applied to the detection of HBV RNA. HBV poly- 
adenylated RNA cDNA synthesis primed with oligo(dT) locking-docking primer A (GGCGA- 
CACTC CACCATAGAT CGAATTCGCGGCCGCTTTFT ~ Y N ,  where Y =A/C/G and 
N=A/C/G/T) and followed by nested PCR [outer amplicon b• inner amplicon dxe, 
d=TGCCAACTGGATCCT(G/T)CGCGGGACGTCCT] of the resulting chimeric molecule, whereas 
HBV DNA was detected by d x f If= GCGAAGCTTGTTCACGGTGG(AT)CTCCATG]. 

HBV RNA. Normal  h u m a n  liver, w h e n  
subjected to RACE-PCR us ing  HBV prim- 
ers and  run  concur ren t ly  as a con t ro l  for 

FIGURE 2 Gel electrophoresis and Southern 
blot analysis of HBV RACE-PCR. (Lanes 1,14) 
123-bp molecular weight ladder; (lane 2) neg- 
ative water blank control; (lane 3) standard 
HBV DNA PCR control performed on sample 
using primers (dx~ to produce an amplicon 
of -217 bp; (lane 4) albumin mRNA PCR am- 
plified with intron-spanning primers; (7) (lane 
5) HBV RNA amplified using nested primers 
(axb, outer pair) and (c• inner pair) to pro- 
duce a chimeric molecule of -442  bp; (lanes 
6) PCR performed after digestion of sample 
with RNase prior to cDNA synthesis; (lanes 
7-9) PCR performed without primers A, c, or 
d, respectively; (lanes 10-12) RACE-PCR with 
HBV DNA plasmid at 10, 50, and 100 ng per 
reaction using primers (b x bc, outer pair) and 
(d• inner pair); (lane I3) standard PCR per- 
formed on HBV DNA at 10 ng/reaction prim- 
ers (dx~). The specificity of both HBV RNA 
and DNA amplicons was confirmed by South- 
ern blot analysis probed with HBV-specific 
oligonucleotide g, (g= TAC GTC CCG TCG 
GCG CTG AAT CC[TC] GCG GAC GAC CC- 
[CGT] TCT CGG G) as described by Larzul et 
al.(8) 

nonspec i f ic  ampl i f i ca t ion  of  cons t i t uen t  
cel lular  mRNAs, failed to p roduce  ampli-  
f icat ion products  (data no t  shown) .  

DISCUSSION 

This paper  presents  a detai led m e t h o d o l -  
ogy for the  selective de tec t ion  of HBV 
RNA from small  tissue samples by RACE- 
PCR. Dis t inc t ion  be tween RNA and  DNA 
PCR templa te  is general ly  achieved by 
one  of  two methods :  (1) se lect ion of  PCR 
pr imers  tha t  span one  or more  in t rons  of 
sufficient  size to permi t  the  RNA and  
DNA ampl icons  to be d i s t ingu ished  af- 
ter e lectrophoresis ,  or (2) p re l imina ry  
DNase diges t ion before RT-PCR of an 
RNA template .  The g e n o m e  of  HBV, like 
o the r  small  viruses, does no t  con t a in  an 
in t ron ,  and, hence,  an  i n t r o n - s p a n n i n g  
ampl i f i ca t ion  strategy is inappl icable .  Al- 
t h o u g h  p re l imina ry  DNase d iges t ion  has 
been  repor ted by some invest igators  for 
PCR ampl i f i ca t ion  of HBV RNA, convinc-  
ing d e m o n s t r a t i o n  of the des t ruc t ion  of  
the  DBA templa te  is difficult  and  re- 
quires tha t  the  DNA cont ro l  PCR is 
negative.  However,  this cons t i tu tes  
"nega t ive  ev idence ,"  and  comple te  
e l i m i n a t i o n  of a DNA templa te  f rom the  
RNA react ion tubes can never  be posi- 
t ively proved.  The m e t h o d o l o g y  de- 
scribed here ensures tha t  on ly  polyade-  
ny la ted  HBV RNA can act as a t empla te  
for PCR ampl i f i ca t ion  and, hence,  obvi- 
ates the  need  for removal  of  con t amina t -  
ing DNA by t r ea tmen t  wi th  DNase pr ior  
to ampl i f ica t ion .  This RACE-based tech- 
n ique  is especially suited to the  detec- 
t i on  of HBV t ranscr ip t iona l  act ivi ty 
w i th in  small  a m o u n t s  of liver tissue ob- 
t a ined  dur ing  pe rcu taneous  liver b iopsy  
and  is also appl icable  to the  eva lua t ion  
of  viral activity in ext rahepat ic  tissues. 
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