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We examined the transcription of the hepatitis B virus surface antigen (HBsAg)
gene in COS cells transfected with simian virus 40-based recombinant plasmids.
When positioned behind the simian virus 40 late promoter, three transcripts were
identified which hybridized to the HBsAg gene: a 2,000-nucleotide transcript
colinear with a gene, a 1,100-nucleotide transcript representing a spliced molecule
in which a major portion of the sequences encoding HBsAg were deleted, and an
800-nucleotide transcript derived primarily from sequences 3’ to the HBsAg gene.
The splice acceptor site utilized by the 1,100-nucleotide transcript is located
immediately upstream of an open reading frame of unknown function contained
within the 3’ nontranslated region of the HBsAg gene. The HBsAg-specific
mRNA species terminate 12 to 19 base pairs 3’ of the sequence UAUAAA, similar
to the concensus hexanucleotide which is thought to promote polyadenylation
(AAUAAA). We constructed a series of plasmids with progressive deletions from
the region surrounding where these transcripts terminate. Analysis of mRNA
produced by cells transfected with these plasmids indicated that the signal
hexanucleotide is in itself unable to promote the efficient processing of mRNA in
the absence of downstream hepatitis B virus sequences. Processing proceeds
properly, however, from plasmids containing an additional 30 nucleotides 3’ of

this signal.

Although it is estimated that hepatitis B virus
(HBV) chronically afflicts 200 million persons
worldwide (41, 53), the molecular biology of the
virus is not well understood due to the inability
of the virus to propagate in any tissue culture
(53). The recent cloning of the 3,200-base-pair
(bp) viral genome (4, 7, 47) and the determina-
tion of the complete nucleotide sequence of the
cloned DNA (19, 36, 54) have allowed the defini-
tion of regions which encode viral polypeptides.
These include the major nucleocapsid core anti-
gen and the surface antigen (HBsAg). The sur-
face antigen is found in the sera of infected
individuals as a 22-nm particle devoid of DNA
(41, 53) and in lesser amounts as a 42-nm particle
(Dane particle) which represents the infectious
virion (41). HBsAg represents the major neutral-
izing antigen of the virus and as such has proven
effective as a vaccine against the disease (50). In
addition, two other open reading frames have
been identified (19, 36, 54), although no identifi-
cation of the gene products has yet been made.
It has been proposed that one such open reading
frame may encode a viral polymerase (19, 36);
the other has been designated the X region (54).

In view of the inability of cultured cells to

propagate the virus, cell lines containing inte-
grated HBV sequences have been utilized to
study the expression of viral proteins. The hu-
man hepatoma line PLC/PRF/S has proven use-
ful in studies designed to study transcription
from, and organization of, the integrated HBV
DNA (14, 29, 32, 38). Several groups have
reported the introduction and expression of
cloned HBV DNA in mammalian tissue culture
cells by utilizing dominant selectable markers (8,
9, 16, 22, 38) or simian virus 40 (SV40) viral
vectors (27, 33). Recently, the construction of
SV40/HBV/pBR322 vectors which express high
levels of HBsAg when introduced into COS cells
(21) has been described (6, 12, 46). These chime-
ric vectors, which are nonlytic and thus not
constrained by packaging considerations (20,
35), replicate to approximately 10° copies per
cell and produce HBsAg particles similar, if not
identical, to those found in the serum of infected
patients (12, 27).

To define viral regulatory sequences which
affect HBsAg expression, we constructed a se-
ries of plasmids containing HBV sequences with
various amounts of HBsAg 3’ untranslated se-
quences positioned behind the SV40 late pro-
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moter. We identified two major transcripts
which arise when the HBsAg gene is tran-
scribed. Examination of such transcripts demon-
strated that the hexanucleotide 5'-TATAAA at
position 104 of the viral DNA appears to repre-
sent the polyadenylation signal; however, addi-
tional sequences downstream of this hexanu-
cleotide are required for efficient production of
cytoplasmic mRNA.

MATERIALS AND METHODS

DNA constructions. All restriction enzymes, T4
polynucleotide kinase, and T4 DNA ligase were prod-
ucts of either Bethesda Research Laboratories, Inc.
(Gaithersburg, Md.) or New England BioLabs, Inc.
(Beverly, Mass.) and were used according to the
prescribed reaction conditions. Synthetic oligonucleo-
tides were synthesized according to previously de-
scribed methods (11). The procedures for isolating
plasmid DNA (12), electrophoresis, and electroelution
(23) were as described previously. Plasmid pDLRI
used in this study was derived from p342L .(12) by
removal of one of the two EcoRlI sites, accomplished
by filling in the cleaved restriction site with Klenow
DNA polymerase (see Fig. 1). Bal 31 digestions were
performed after digestion of DNA with the appropriate
restriction nuclease. The DNA was phenol extracted
and ethanol precipitated, and the ends were made
blunt by the addition of Klenow DNA polymerase in
the presence of the four nucleoside triphosphates (23).
The samples were again phenol extracted and ethanol
precipitated and then digested with a second restric-
tion enzyme. Linear fragments of the appropriate
length were isolated from polyacrylamide gels by
electroelution and ligated into the indicated vector.
The resulting plasmids were sequenced to verify the
extent of the deletions introduced by the exonuclease.
Escherichia coli 294 (1) was used as recipient in all
bacterial transformations.

DNA transfections. To study the transcription of the
recombinant SV40/HBV plasmids in monkey cells,
monolayers of COS cells were grown to 50 to 60%
confluency in 15-cm plastic dishes and transfected
with DNA as described (12, 48). Briefly, the cells were
washed with Dulbecco modified medium, and 10 ml of
medium containing 2 pg of plasmid DNA and DEAE-
dextran at 200 pg/ml was applied for 12 h at 37°C. The
DNA solution was removed, the cells were washed
twice with medium, 25 ml of medium containing 10%
fetal calf serum was added, and the cells were incubat-
ed at 37°C before RNA extraction.

RNA isolation and manipulations. Cytoplasmic RNA
was isolated from clarified extracts of 10® transfected
COS cells which had been lysed by treatment with 20
ml of 0.15 M NaCl-1.5 mM MgCl,-0.65% Triton X-
100-10 mM Tris-hydrochloride (pH 8.0) for 10 min at
4°C. EDTA was added to 10 mM, NaCl to 0.4 M, and
sodium dodecyl sulfate to 0.2%, after which the prepa-
rations were phenol extracted, chloroform extracted,
and precipitated by the addition of 2 volumes of cold
ethanol. Initial experiments utilized RNA preparations
which had been chromatographed on oligodeoxythy-
midylate [oligo(dT)]-cellulose; however, this step was
omitted in later experiments. The RNA was subjected
to electrophoresis in 5% formaldehyde-1% agarose
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gels in S mM sodium acetate-1 mM EDTA-20 mM
morpholinepropanesulfonic acid (MOPS), pH 7 (Sigma
Chemical Co., St. Louis, Mo.), as described (52).
Cytoplasmic RNA (10 pg) or oligo(dT)-selected RNA
(1 ng) was denatured by heating for 3 min at 95°C in 20
ul of loading buffer (50% formamide, 1x MOPS buffer,
5% formaldehyde, 0.05% xylene cyanol, bromophenol
blue), loaded onto horizontal gels (18 by 25 cm), and
electrophoresed for a total of 450 V-h. The gels were
stained for 15 min with 10 g of ethidium bromide per
ml in MOPS buffer, destained twice with water for 20
min, and visualized by using short-wave UV light.
RNA was then immediately transferred to nitrocellu-
lose filters by using 10x SSC as blotting buffer (1x
SSC is 0.15 M NaCl plus 0.015 M sodium citrate). To
discern cytoplasmic HBsAg-specific RNA, the nitro-
cellulose filters were hybridized with 32P-labeled HBV
DNA prepared by nick translation (44) of cloned DNA
fragments.

Construction and screening of cDNA plasmid bank.
COS cells were transfected with plasmid DNA as
described, and polyadenylated mRNA was purified by
chromatography on oligo(dT)-cellulose (P-L Bioche-
micals, Milwaukee, Wis.). Construction of a cDNA
plasmid bank was performed by using standard tech-
niques (23, 24).

Radioimmune assays. HBsAg was assayed by the
Ausria II radioimmunoassay kit (Abbott Laboratories,
North Chicago, Ill.) and quantitated by serial dilution
of the unknown sample and comparison to the positive
control supplied as described (12).

DNA sequence analysis. Sequence information was
obtained by the method of Maxam and Gilbert (30) or
by the dideoxynucleotide method (42) with synthetic
oligonucleotide primers (11).

RESULTS

Construction of vectors. The 342-bp Pvull-
HindIII fragment of SV40 utilized in this study
contains sequences capable of promoting the
synthesis of mRNA in both the early and late
directions (12, 33, 51) and serves as an origin of
replication of the plasmid when introduced into
mammalian cells expressing SV40 large T anti-
gen (21, 31). The vectors employed were based
on those previously described (12), which repli-
cate and express high levels of HBsAg from the
SV40 late promoter within 24 to 36 h after
transfection into COS cells. The removal of the
EcoRI site preceding the SV40 origin by filling in
the restriction site with Klenow DNA polymer-
ase (23) of one of these vectors, p342L (12),
created pDLRI (Fig. 1). The pHBVterm plas-
mids were constructed by digesting pDLRI with
Bal 31 as described above. Plasmids containing
progressive deletions of the 3’ terminus of the
gene were obtained, and the junction regions
were sequenced to precisely determine the ex-
tent of the deletion (Fig. 1).

Transcription of the HBsAg gene in COS cells.
To determine the size of the HBsAg-specific
RNA found in COS cells transfected with the
surface antigen expression plasmids, we trans-
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FIG. 1. Plasmid vector constructions. Plasmid maps of pDLRI and the pHBVterm deletion plasmids
employed in this study. A linear map of the HBV genome is shown at top. The HBsAg coding region is boxed.
The three open reading frames which have been proposed to encode the core antigen, surface antigen, and X
protein (19, 36, 54) are indicated by the arrows underneath the line drawing. Map coordinates are those of

Valenzuela et al. (54).

fected COS cells with pDLRI DNA by using the
modified DEAE-dextran method (48). At 1, 2, 4,
and 6 days posttransfection, cytoplasmic RNA
was prepared from transfected cultures. These
RNAs were electrophoresed on denaturing agar-
ose gels, transferred to nitrocellulose filters, and
hybridized to a 1,400-bp 32P-labeled BamHI
fragment containing the coding sequences of the
surface antigen gene. Two species of HBsAg-
specific RNA were observed within 2 days of
transfection: a predominant mRNA species of
approximately 2,000 nucleotides (nt) and a mi-
nor species of approximately 1,100 nt (Fig. 2).
Maximal levels of mRNA were observed on day
4, closely paralleling the time of peak HBsAg
expression as detected by radioimmune assay
(12).

The 2,000-nt mRNA species observed in Fig.
2 was of a size consistent with a transcript
initiating within the SV40 late promoter and
ending at or near the BglII site of HBV at
position 172. The nature of the smaller transcript
was unclear, although its size was similar to
transcripts spanning the X region of the HBV
genome reported in cells containing integrated
HBYV DNA (22, 38). The generation of different
mRNA species from the same gene could be due
to the utilization of different polyadenylation
sites (44, 45) or differential RNA processing
mechanisms (15, 55). It was also possible that an
internal promoter within the HBV sequences
was being utilized. To identify the sequences
contained within the 2,000- and 1,100-nt HBsAg-
specific mRNAs, we prepared radiolabeled hy-
bridization probes from various regions of the

HBsAg gene extending from the EcoRlI site to
the BgllI site. These probes were hybridized to
filters containing RNA from COS cells tranfect-
ed with pDLRI. Both the 2,000- and 1,100-nt
mRNAs hybridized to a probe prepared from the
EcoRI-Bglll (Fig. 3, lane A) or EcoRI-Hpal
(lane B) fragments which span the HBsAg-en-
coding sequences. When a probe was prepared
from two Rsal restriction fragments which span
the COOH terminus of the protein and a portion
of the 3’ nontranslated region (positions 1,979 to
2,178 and 2,334 to 2,540), only the 2,000-nt
mRNA hybridized (Fig. 3, lane C), indicating
that the 1,100-nt mRNA lacks sequences span-
ning the termination codon of the HBsAg gene.
Finally, lane D shows the pattern of hybridiza-
tion when the probe was prepared from the
BamHI-Bglll fragment spanning positions 2,809
to 172, representing the 3’ end of the HBV
sequences found in pDLRI. Both the 2,000- and
1,100-nt mRNAs were observed, and in addition
a third transcript of approximately 800 nt was
seen. Since the 1,100-nt transcript contains se-
quences corresponding to the 5’ and 3’ ends of
the 2,000-nt transcript but lacks internal se-
quences of the 2,000-nt transcript, these results
suggest that the smaller transcript represents a
spliced version of the larger transcript.

cDNA cloning of HBsAg-specific transcripts.
To examine more closely the nature of these two
HBsAg-specific transcripts, we prepared a
cDNA library from mRNA obtained from COS
cells transfected with pDLRI. Total cytoplasmic
RNA was prepared and the polyadenylated frac-
tion was isolated by oligo(dT)-cellulose chroma-
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FIG. 2. Hybridization of RNA from transfected
COS cells. RNA from COS cells transfected with
pDLRI DNA was isolated 1, 2, 4, and 6 days post-
transfection (indicated above the lanes) and electro-
phoresed in formaldehyde-agarose gels (52). The gels
were stained with ethidium bromide as described in
the text to mark the position of the 18S and 28S rRNAs
as well as to verify the quality of the RNA prepara-
tions. After transfer of nitrocellulose filters (49), the
RNA was hybridized to a 3P-labeled probe prepared
from the 2,000-bp EcoRI-Bglll fragment spanning the
surface antigen region. Hybridization was performed
in 50% formamide-5x SSPE (0.9 M Nacl, 50 mM
NaH, PO,, S mM EDTA, pH 7)-0.3% sodium dodecyl
sulfate~100 pg of salmon sperm DNA per ml at 42°C as
described (13). After washing the filters in 2x SSPE,
the filters were exposed to Kodak AR2 X-ray film for 1
to 3 days with intensifying screens at —80°C.

tography (23). Complementary double-stranded
DNA greater than 500 bp was isolated, incubat-
ed with terminal transferase in the presence of
dCTP, and ligated into PstI-cleaved pBR322 to
which dG residues had been added. Approxi-
mately 15,000 colonies were screened for the
presence of sequences complementary to the
2,000-bp EcoRI-Bglll fragment spanning the
coding region of the surface antigen gene. We
identified 30 colonies which hybridized to the
probe, containing inserts ranging in size from
600 to 1,800 bp. Ten clones were chosen for
more extensive analysis. Restriction enzyme
digestion with BamHI and Pstl released an
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approximately 550-bp fragment from all inserts
which hybridized to the 580-bp BamHI-Bgill
fragment 3’ of the HBsAg gene. The sequences
S’ of the BamHI site were contained in two
classes of cDNA plasmids: one set appeared to
be contiguous with the HBV insert in pDLRI,
whereas the other class lacked restriction sites
upstream of the Rsal site at position 2,790.
These results suggested that all of the HBsAg-
specific cDNA clones isolated shared the same
3’ end, but differed upstream of the BamHI site
located at position 2,809. To confirm this and to
precisely determine the position at which the
two classes differed, DNA from several cDNA
plasmids of each class was digested with
BamHI, end labeled with [y-3*P]ATP in the
presence of polynucleotide kinase, and subject-
ed to sequence analysis by the method of
Maxam and Gilbert (30). The results are summa-
rized in Fig. 4. One class of cDNA clones was
colinear with the HBV DNA. The other class
was colinear with the HBV DNA to a point

EcoRl Hpal BamHI Bglll

[:1“ e e byl | ]
1 | 1

FIG. 3. Northern analysis of HBsAg RNA. RNA
was isolated from COS cells transfected 4 days previ-
ously with pDLRI plasmid DNA. RNA (2.5 pg per
lane) was loaded onto a formaldehyde-agarose gel,
electrophoresed, and transferred onto nitrocellulose as
described in the legend to Fig. 2. The filter was cut into
strips corresponding to the different lanes and hybrid-
ized with nick-translated (13, 44) probes prepared from
DNA fragments isolated from polyacrylamide gels
(46). Lane A, RNA probed with the 2,000-bp EcoRI-
BgllI fragment (nucleotides 1,407 to 172); lane B, RNA
probed with the 900-bp EcoRI-Hpal fragment (nucleo-
tides 1,407 to 2,370); lane C, RNA probed with Rsal
fragments from areas indicated on line drawing at top
of figure (nucleotides 1,979 to 2,178 and 2,334 to
2,540); lane D, RNA probed with the 580-bp BamHI-
Bglll fragment (nucleotides 2,809 to 172). All frag-
ments were nick translated to a specific activity of 0.5
x 10% to 1 x 10® counts per pg. Filters were hybrid-
ized, washed, and exposed as described in the legend
to Fig. 2. The HBsAg-encoding region is shown boxed.
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FIG. 4. DNA sequence analysis of HBV ¢cDNA clones. cDNA plasmids 12, 16, 20, 21, 27, and 28 were

digested with BamHI, 5’ end labeled with [y->2P]JATP,

and digested with EcoRI, and the appropriate labeled

fragment was isolated. Restriction enzyme fragments corresponding to the region immediately 5’ of the BamHI
site at position 2,809 were isolated from polyacrylamide gels and sequenced by the method of Maxam and Gilbert
(30). Analysis of the resulting sequence indicated that clones 12, 20, and 28 were spliced in the manner indicated.
The remaining cDNA clones, which were sequenced in a similar fashion, were linear equivalents to the cloned
HBV DNA. The HBsAg- and X-encoding sequences are boxed. .

approximately 95 bp 5’ of the BamHI site, at
which point the homology diverged but contin-
ued (with respect to the HBV sequence) after an
interruption of 846 nt. The portion deleted is
bounded by the dinucleotide GT at the 5’ end
and AG at the 3’ end, exactly as would be
predicted for intervening sequence junctions (3,
34), and excises the majority of the surface
antigen coding sequences.

To determine the 3’ end of the cDNA clones,
we sequenced additional inserts in this region.
The cDNA clones were digested with Stul, end
labeled, and sequenced as described above. The
six ¢cDNA clones contained a polyadenylate
tract 12 to 19 nt 3’ of the sequence 5'-TATAAA,
which bears a resemblance to the consensus
sequence (5'-AAUAAA) found to precede the
site of polyadenylation of most eucaryotic
mRNAs (Fig. 5) (17, 39). This result confirms
the site of polyadenylation predicted by Tiollais
and colleagues (38), who examined HBsAg-spe-
cific RNA produced by mouse cells transfected
with HBV DNA. We constructed plasmids con-
taining additional HBV sequences 3’ of the Bg/II
site at position 172 and did not observe the
utilization of any other polyadenylate addition
sites (data not shown).

Analysis of HBsAg transcripts from pHBVterm
plasmids. Removal of the sequence specifying
polyadenylation from the herpes simplex virus
thymidine kinase gene has been shown to result
in the abolition of thymidine kinase expression

(10). Although the sequence 5'-TATAAA locat-
ed at position 104 resembled the consensus
eucaryotic polyadenylation signal, we sought
confirmation that this hexanucleotide represent-
ed the sequence specifying polyadenyation of
the surface antigen transcripts. We therefore
generated a series of plasmids with deletions
encompassing the terminal 200 bp of the surface
antigen gene. Plasmid pDLRI was digested with
Sall, which cut the plasmid DNA at a site
approximately 325 bp downstream of the site of
polyadenylation of the HBsAg transcripts, and
linearized DNA was treated with Bal 31 and
EcoRI to generate fragments with various
amounts of HBV sequences deleted in a progres-
sive manner to produce the pHBVterm plasmids
(Fig. 1). These plasmids were transfected onto
COS cells, cytoplasmic RNA was prepared, and
the HBV transcripts were characterized by
Northern blot analysis. RNA isolated from cells
transfected with pHBVterm 9 or 14, which con-
tains all of the sequences found in the mature
mRNA, was identical in size and quantity to
RNA isolated from cells transfected with pDLRI
(Fig. 6). Surprisingly, pHBVterm 13, which con-
tains the polyadenylation signal and site but
which lacks HBV sequences 30 bp 3’ of the
TATAAA hexanucleotide, produced lower lev-
els of both the 2,000- and the 1,100-nt mRNA.
pHBVterm 3, which contains the hexanucleo-
tide but lacks the sequences comprising the site
of polyadenylate addition, did not produce ei-
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FIG. 5. Analysis of 3’ ends of HBV cDNA plasmids. HBV cDNA plasmids 12, 16. 20. 21. 27, and 28 were
digested with Stul and labeled with [y-3>PJATP by using polynucleotide kinase as described in the legend to Fig.
4. After digestion with EcoRlI, labeled fragments were isolated from polyacrylamide gels and sequenced (30). The
sequence of the cloned HBV DNA template and the sites at which the polyadenylate tract begin are indicated.
The HBsAg-coding region and open reading frame (X) are boxed.
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FIG. 6. Northern analysis of RNA expressed from pHBVterm plasmids. Plasmids were constructed by
digesting Sall-cleaved pDLRI with Bal 31 as described in the text. All plasmids were rejoined to pML (28) at the
Sall site, which had been filled in with Klenow DNA polymerase (23). The junction between the HBsAg gene and
pML of the various plasmids is indicated at the top of the figure by the arrows. The hexanucleotide 5'-TATAAA.
which serves as a polyadenylation signal (position 104), is outlined. The regions where polyadenylation occurs
(122 to 129) and the BgllI site at 172 are underlined. The location of an inverted repeat is indicated by the arrows.
The HBsAg-encoding region is boxed. COS cells were transfected with each of the plasmids as described in the
text, and RNA was harvested at 4 days posttransfection. RNA from each sample was electrophoresed and
transferred to nitrocellulose as described in the legend to Fig. 2. The filters were hybridized with nick-translated
2,000-bp EcoRI-Bglll fragment, washed, and exposed at —80°C with an intensifying screen. Lanes marked 5, 12,
and 3 were exposed for 72 h. All other lanes were exposed for 24 h. The plasmid used to produce the HBsAg-
specific RNA is denoted immediately above each lane.
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ther a 1,100- or a 2,000-nt RNA, and as such it
behaves identically to pHBVterm 12, which
lacks both the polyadenylation signal and site of
addition, and pHBVterm 5, which lacks even
additional sequences. It is noteworthy that cells
transfected with pHBVterm 3, 5, and 12 do
express some HBsAg-specific RNA, but it ap-
pears to be heterogeneously sized (generally
longer than 2,000 nt) and present at very low
levels (note that lanes illustrating pHBVterm 3,
S, and 12 transcripts in Fig. 6 were exposed
three times longer than the other ianes). We
therefore conclude that the processing and poly-
adenylation of the HBsAg-specific transcripts
require. in addition to the UAUAAA signal,
sequences encompassing the actual site of poly-
adenylate addition.

DISCUSSION

To study transcriptional regulatory signals of
the HBsAg gene of HBV, we exploited the
ability of recombinant plasmids containing the
SV40 origin of replication to replicate and tran-
scribe inserted heterologous genes in cells con-
stitutively producing T antigen (12, 21). We
observed three transcripts produced from a
recombinant plasmid capable of directing the
synthesis of HBsAg. The 2,000-nt mRNA spe-
cies contained all of the sequences necessary for
the expression of the surface antigen. The size of
this message is slightly smaller than that of the
HBsAg mRNA identified in rodent cells trans-
fected with HBV (22, 38) and that of the HBsAg-
producing human PLC/PRF/S cell line (38). We
also observed the generation of a 1,100-nt
spliced mRNA transcript which was shown to
arise by the deletion of an 846-nt intervening
sequence. In addition, an even smaller tran-
script, estimated to be 800 nt in length, was
observed when RNA transcribed from pDLRI
was hybridized with a radiolabeled fragment
from the 3’ end of the HBsAg gene. Since no
class of cDNA clones was isolated which corre-
sponds to this mRNA, we do not know the
precise structure of this message.

The presence of the spliced mRNA is particu-
larly interesting since the proposed splice accep-
tor site lies just upstream of the initiation codon
of the X gene (19, 36, 54), the open reading
frame contained within the 3' nontranslated re-
gion of the surface antigen gene. Although the
2,000-nt mRNA encodes the HBsAg secreted
from transfected COS cells, the 1,100-nt nMRA
interrupts the HBsAg-coding region after 101
amino acids; this reading frame continues into
sequences encoding the final 105 amino acids of
the putative HBV-encoded polymerase (19, 36).
Whether such a fusion protein is synthesized is
unclear. Alternatively, it is conceivable the 3’
splice site we observe is utilized to express the
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HBV X gene product (54), perhaps during natu-
ral infections joining to a more distal S’ splice
site not present in our constructions. Although
we cannot be certain whether this splicing event
reflects a bona fide feature of the HBV life
cycle, it is clear that a significant fraction of the
total HBsAg mRNA found in transfected COS
cells is so processed. Two minor mRNA spe-
cies, estimated to be 1,000 and 900 nt in size,
have been observed in human and rodent cell
lines transfected with HBV DNA (22, 38), and at
least one of these minor RN A species hybridizes
to the X region (22). A splicing mechanism could
account for the generation of the smaller mMRNA
observed in HBV-transfected cells which hy-
bridizes to the X region. It must be cautioned,
however, that all of the tissue culture systems
used to study HBV, like the COS system utilized
here, are nonpermissive for viral propagation.
Thus, some factor(s) necessary for viral growth
is clearly missing, and it is difficult to know
whether the splicing pattern observed in this
system reflects processing events occurring dur-
ing a productive viral infection.

The presence of the hexanucleotide AATAAA
within the 3’ untranslated region of many eu-
caryotic genes transcribed by RNA polymerase
I led to the suggestion that it constitutes part of
the signal for processing and polyadenylation of
mRNA (3, 17, 39). Our findings that the two
major mRNAs directed by pDLRI DNA termi-
nate 12 to 19 nt after the sequence UAUAAA
argue that this sequence comprises at least part
of the polyadenylation signal for the HBsAg
gene. This sequence deviates from the
AAUAAA hexanucleotide, which most typically
specifies polyadenylation of mRNAs, although it
now appears that some deviation from this se-
quence is permitted. The polyadenylation sig-
nals proposed for chicken lysozyme (26) and
mouse pancreatic a-amylase (25) mRNAs con-
tain the sequence AUUAAA, and the human
Harvey ras cellular proto-oncogene (5) utilizes
the sequence AGUAAA. The proposed polynu-
cleotide recognition signal in some mRNAs in-
cludes only four of the six consensus nucleo-
tides. For example, the four mRNA species
produced by the murine dihydrofolate reductase
gene are all preceded by the sequence 5'-AUAA
(44, 45), yet the same sequence is found seven
other times in the 3’ nontranslated region of the
gene without producing an associated mRNA
species.

It has been proposed from the frequency with
which randomly inserted genomic fragments of
DNA can provide processing/polyadenylation
functions for the herpesvirus thymidine kinase
gene that the minimal signal specifying such
events is a hexanucleotide (43). This proposal
gains some support from the demonstration that
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an 88-bp fragment from the middle of the coding
region of SV40 large T antigen, containing the
sequence AAUAAA which is not normally in-
volved in transcriptional processing, can specify
such processing when positioned behind the
thymidine kinase gene (10), although it must be
stressed that processing promoted in this man-
ner occurs inefficiently. However, it is clear that
the AATAAA hexanucleotide can lie unrecog-
nized within the coding region of an mRNA, as
in the middle of the early region of SV40 (18, 40)
and within the adenovirus type 12 Ela transcrip-
tional unit (37). It therefore appears that se-
quences in addition to the hexanucleotide are
involved in processing/polyadenylation. Wheth-
er such sequences are acting as additional recog-
nition signals or are providing a general struc-
ture is not known. Our finding that sequences
extending 3’ of the hexanucleotide signal are
required for efficient RNA processing provides
direct experimental support for this conclusion.
Furthermore, since deletion plasmids having all
HBV sequences intact to a point at least 10
nucleotides 3’ of the site of polyadenylate addi-
tion still manifest some loss of transcript integri-
ty, we would argue that the efficient cleavage/
polyadenylation of HBsAg mRNA involves rec-
ognition of sequences extending beyond the
actual polyadenylation site. In this regard, Ben-
oist et al. (2) have noted a 10-nucleotide model
sequence (5'-TTTTCACTGC-3') at the poly-
adenylate junction in five of nine mRNAs they
examined, perhaps reflecting the structural basis
of a processing site which actually extends even
further in the 3’ direction.
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