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A detailed mutational analysis of the regulatory DNA sequence elements that control expression of the
hepatitis B virus major surface antigen gene was performed in the human hepatoma cell lines HepG2.1 and
Huh7, using transient transfection assays. Seven regions (A to G) of the major surface antigen promoter located
within 200 nucleotides of the RNA initiation site have been identified which influence the level of transcription
from this promoter. The three distal regions (A to C), located between -188 and -68, appear to possess a level
of redundancy in their ability to influence the transcriptional activity from the major surface antigen promoter.
The simultaneous deletion of regions A, B, and C resulted in an approximately fourfold reduction in
transcription from the major surface antigen promoter. Region D, located between -67 and -49, is an

essential element of the major surface antigen promoter. The three proximal regions (E to G) are located within
45 nucleotides of the major transcription initiation site. Region E prevents the negative influence of region F
and can compensate for the effect of mutation of region G on transcription from the major surface antigen
promoter. Region G can compensate for the effect of the loss of a functional region E sequence on the
transcriptional activity of the major surface antigen promoter only in the absence of a functional region F
sequence. These results imply that the level of expression of the major surface antigen gene is controlled by the
complex interplay between a minimum of six transcription factors which activate and one transcription factor
which represses transcription from this gene.

The hepatitis B virion contains a circular 3.2-kb partially
double stranded DNA genome which is packaged within a
27-nm nucleocapsid of hepatitis B virus (HBV) core antigen
(21). The nucleocapsid is enveloped by a lipoprotein coat
composed of cellular lipid and HBV surface antigen to
produce the 42-nm virus particle (11, 31). The virus coat or
envelope contains three surface antigen polypeptides, the
major, middle, and large polypeptides, which are encoded by
a single open reading frame which possesses three in-frame
initiation codons (11, 14, 31). The major and middle surface
antigen polypeptides are synthesized from abundant 2.1-kb
HBV RNAs which are transcribed from the major surface
antigen promoter (11, 17).
The regulatory sequence elements that control the expres-

sion of the 2.1-kb major surface antigen gene transcript have
been analyzed in a variety of cell lines (1, 3, 6, 7, 10, 18, 20,
26, 27). The HBV enhancer sequence has been shown to
influence the level of transcription from the major surface
antigen promoter to different extents in a variety of trans-
fection assay systems (1, 3, 6, 10), and the major surface
antigen promoter has been located within 200 nucleotides of
the transcription initiation sites of the 2.1-kb RNAs by
deletion analysis (7, 20, 26). However, a detailed mutational
analysis of this promoter has not been described.

After transfection with the complete HBV genome, HBV
can be produced by certain human hepatoma cell lines (5, 25,
30, 32, 33), including Huh7 cells. Therefore, it appears likely
that the transcriptional regulatory mechanisms which oper-
ate during infection of hepatocytes in vivo may be most
precisely mimicked in these cell lines. For this reason, a
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detailed mutational analysis of the transcriptional regulatory
sequence elements which control the level of transcription
from the major surface antigen promoter was performed,
using transient transfection assays in the differentiated hu-
man hepatoma cell line Huh7. For comparison, the activities
of the mutant major surface antigen promoter constructs
were also analyzed in the dedifferentiated human hepato-
blastoma cell line HepG2.1 (19). This analysis indicated that
multiple sequence elements which probably bind specific
transcription factors regulate the level of expression from
the major surface antigen promoter in a complex manner.
However, the major surface antigen promoter appears to be
regulated in a similar manner in both the differentiated Huh7
and the dedifferentiated HepG2.1 cells.

MATERIALS AND METHODS

Plasmid constructions. The various steps in cloning of the
plasmid constructs used in the transfection experiments
were performed by standard techniques (22). The HBV
sequences in these constructions were derived from plasmid
pCP10, which contains two copies of the HBV genome
(subtype ayw) cloned into the EcoRI site of pBR322 (9).
Plasmid SpLUC has been described previously (19). The
unique HBV XhoI site used in this construct is located 157
nucleotides 3' to a predominant surface antigen gene tran-
scription initiation site (4, 20). Therefore, plasmid SpLUC
contains one complete HBV genome located directly 5' to
the promoterless firefly luciferase (LUC) reporter gene such
that expression of the LUC gene is governed by the HBV
major surface antigen promoter. The plasmid constructs
containing the various linker scanning (LS) mutations, inser-
tions (IN), and deletions (A5' and A3'/A5') in the major
surface antigen promoter (Fig. 1 to 6) were generated by
appropriate restriction endonuclease and Bal31 nuclease
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LS-105/-6 - cCrCGAcTAgCrTOCcATcOaTGCtAOcTArTCOAO

LS-76/-41 CCrCoaCrAgcTAGOOCATGccCrAOCtAgTcQAoO

LS-44/-21 CCtcQACragCragcTAGTcQAgG

LS-22/+16 CctCACrAOcTAGCCaTCOaTCTO__OcTA_ CgAC-

L-6/+ 16 - CCTCloCrOc=fcTACfCgAWG-

LS-107/-100 -cC TG

S- 105/-98

LS-76/-69 -

LS-76/-64 CCrC"cGAOO-

IN-64/-63

IN-62/-61SI

LS-61/-49 -CcTCQATcQOa-

LS-52/-41 cCrGGATcTOA

LS-44/-36 cCtcWkg

LS-44/-33 -CCtc GATCAg

FIG. 1. Sequences of the major surface antigen promoter linker scanning mutations. The promoter sequence (subtype ayw) with nucleotide
coordinates and transcription initiation site (arrow) is shown at the top. Coordinates of the major surface antigen promoter region are derived
from the GenBank gene sequence data bank; their positions relative to a predominant transcription initiation site (+ 1, nucleotide coordinate
3159) are given in parentheses. Nucleotide substitutions in the linker sequences are indicated in uppercase; unchanged nucleotides are
indicated in lowercase. Deletion of a nucleotide is indicated by a hyphen, and linker insertions are indicated above the line. The linker
scanning mutations were introduced into construct A5'-188.

digestions of HBV sequences and subsequent cloning steps
similar to those used to construct SpLUC. All deletion
breakpoints generated by Bal31 nuclease digestion were
determined, and linker scanning mutations were confirmed
by dideoxynucleotide sequencing (23). The mutations (Fig. 1
to 6) in the major surface antigen promoter were constructed
as previously described (13, 15), starting with the A5'-188
plasmid and using an XhoI linker (CCTCGAGG) to create
the linker scanning mutations, insertions, or internal dele-
tions. Linker scanning mutations larger than 8 nucleotides
were produced by cloning additional linker sequences into
specific internal deletion constructs. The A5'-188 plasmid
contains the major surface antigen promoter region from
-188 (coordinate 2971) to +157 (coordinate 133). A predom-
inant transcription initiation site previously observed in
transient transfection assays (20) has been designated +1
(coordinate 3159). The coordinates of the major surface
antigen promoter region are derived from the GenBank gene
sequence data bank.

Cells and transfections. The human hepatoma cell lines
HepG2.1 and Huh7 were grown in RPMI 1640 medium and
10% fetal calf serum at 37°C in 5% C02-air and were
transfected as previously described (16). The transfected
DNA mixture consisted of 15 jg of a LUC plasmid and 1.5
jig of pSV2CAT (12), which served as an internal control for

transfection efficiency. pSV2CAT directs expression of the
chloramphenicol acetyltransferase (CAT) gene under the
control of the simian virus 40 (SV40) early promoter. Cell
extracts were prepared 40 to 48 h after transfection and
assayed for LUC and CAT activities as previously reported
(8).

RESULTS

Deletion analysis from the 5' end of the HBV major surface
antigen gene promoter. The transcriptional regulatory ele-
ments that control expression of the HBV major surface
antigen gene were analyzed by using transient expression
assays in the human hepatoma cell lines HepG2.1 and Huh7.
A series of 5' deletions was tested for its effect on the
transcriptional activity of the major surface antigen pro-
moter (Fig. 2). Transcriptional activity was not affected
when sequences 5' to -124 were deleted, indicating that
maximal promoter activity in both cell lines examined can be
supported by sequences between -124 and + 157. In
HepG2.1 cells, it appears that the sequences between -103
and -100 influence the activity of the surface antigen pro-
moter, as there was approximately a fivefold reduction in
relative LUC activity between constructs A5'-103 and
AS5'-99 (Fig. 2). This observation defines the 5' boundary of
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RNA
LUCI

-188 +1 +157

SpLUC
A5'- 188
A5'- 124
A5'- 103
A5'-99
A5'-97
A5'-88
A5'-80
A5'-67
A5'-63
A5'-61
A5'-48
A5'-40
A5'-35
A5'+ 12
A5'+17
o 19DLUC

Relative
luciferase
activity

HepG2.1 Huh7
1.00
1.88
0.58
1.41
0.26
0.21
0.20
0.45
0.07
0.06
0.19
0.01
0.02
0.11
0.01
0.00
0.00

1.00
0.67
1.08
0.27
0.24
0.29
0.21
0.26
0.17
0.20
0.16
0.04
0.04
0.16
0.03
0.02
0.00

A BC DE F G

FIG. 2. Deletion analysis from the 5' end of the HBV major
surface antigen promoter. Construct SpLUC contains one complete
HBV genome located directly 5' to the promoterless LUC reporter
gene such that expression of the LUC gene is governed by the major
surface antigen promoter. Horizontal lines indicate the HBV se-
quences present in the various LUC constructs. The diagram at the
top represents construct A5'-188 and indicates the 188 nucleotides
of 5' untranscribed sequence, the major transcription initiation site
(+ 1), and the 157 nucleotides of transcribed HBV sequence present
in this construct. Similarly, designations of the other 5' deletions
indicate the extent of the promoter region present in each construct.
The diagram at the bottom indicates the proposed transcription
factors involved in regulation of expression from the surface antigen
promoter and the regions to which they bind (regions A to G). The
internal control used to correct for transfection efficiencies was
pSV2CAT.

SpLUC

A5'- 188
A3'-23/AS'+ 17

3'-45/ES'+ 17
A3'-53/&5'+ 17

A 3'-62/A5'+ 17

A3'-64/E5'+ 17
3'-77/A5'+ 17

A3'-107/A5'+ 17
5'+ 17

p 19DLUC

RNA
LUC Relative

luciferose
188 + 1 + 157 activity

HepG2.1 Huh7
1.00 1.00
1.88 0.67
2.38 1.70
0.09 0.05
0.24 0.07
0.07 0.03
0.07 0.03
0.02 0.02
0.30 0.17
0.00 0.02
0.00 0.00

A BC DE F G

FIG. 3. Deletion analysis of A5'-188 from the 3' end of the HBV
major surface antigen promoter. Designations are as for Fig. 2. For
internal deletions, the designations (13) indicate which sequences
from 3' deletion mutants (A3') have been subcloned into a 5' deletion
mutant (A5'). Hence, construct A3'-23/A5'+ 17 lacks the promoter
sequence between -22 and +16. The internal control used to
correct for transfection efficiencies was pSV2CAT.

when sequences from -22 to +16 were deleted, indicating
that maximal promoter activity in both cell lines examined
can be supported by the sequences located 5' to -22 (Fig. 3).
However, it appears that the sequences between -44 and
-23 influence the activity of the surface antigen promoter, as
there was a greater than 10-fold reduction in relative LUC
activity between constructs A3'-45/A5'+17 and A3'-23/
A5' +17 (Fig. 3). This observation defines the 3' boundary of
region E at -23 (Fig. 7).

Analysis of the effects of internal deletions and large linker
scanning mutations on transcription from the HBV major

region C at -103 (Fig. 7). In Huh7 cells, it appears that the
sequences between -124 and -104 influence the activity of
the surface antigen promoter, as there was approximately a
fourfold reduction in relative LUC activity between con-
structs A5'-124 and A5'-103 (Fig. 2). This observation
defines the 5' boundary of region B at or near -124 (Fig. 7).

In both cell lines, further analysis of this 5' deletion series
suggested that the sequences between -61 and -49 influ-
ence the activity of the surface antigen promoter, as there
was a reduction in relative LUC activity between constructs
AS5'-61 and A5'-48 (Fig. 2). This observation indicated that
the 5' boundary of region D is located at or near -61 (Fig. 7).
Further analysis of the surface antigen promoter supported
this suggestion (Fig. 4 and 5). These results appear to differ
from those previously reported for the analysis of a series of
5' deletions of the major surface antigen promoter (7). This
discrepancy may be due to the difference in the subtypes of
the HBV DNA and the cell lines used in these analyses.

Deletion analysis from the 3' end of the HBV major surface
antigen gene promoter. A series of 3' deletions of the
A5'-188 construct was tested for its effect on the transcrip-
tional activity of the major surface antigen promoter (Fig. 3).
This construct was chosen for this and subsequent deletion
and mutational analyses because it had previously been
shown to contain all of the regulatory elements of the surface
antigen promoter and all of the observed binding sites for the
sequence-specific DNA-binding proteins which interact with
this promoter (20). Transcriptional activity was not affected

RNA

i~
-188

SpLUC
A5'- 188
A3'- 106/A5'-67

LS- 105/-68
A3'-77/A5'-40
LS-76/-41
A3'-53/A5'-20
A&3'-45/A5'-20
LS-44/-21
A3'-23/A5'+ 17

LS-22/+16
LS-8/+ 16

A3'-45/A5'+ 17

p 19DLUC

+1 +

LUC Relative
luciferase

57 activity

HepG2. 1
1.00
1.88
2.01
1.71
0.14
0.17
0.28
0.42
1.09
2.38
0.71
1.90

0.09

0.00

Huh7
1.00
0.67
1.66
1.47
0.17
0.14
0.13
0.49
0.86
1.70

0.55
1.82

0.05

0.00

Q OIA -&(.O
A BC DE F G

FIG. 4. Analysis of the effects of internal deletions and large
linker scanning mutations on transcription from the HBV major
surface antigen promoter. Designations (13, 15) are as for Fig. 3. For
linker scanning mutations, the region of the promoter sequence
replaced by linker sequences is indicated. Hence, construct
LS-105/-68 contains linker sequences between -105 and -68.
Boxes indicate the locations of the linker scanning mutations. The
internal control used to correct for transfection efficiencies was

pSV2CAT.
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RNA constructs A3'-45/A5'-20 and LS-44/-21 display essen-
LUC Relative tially full surface antigen promoter activity establishes that

luciferase the 3' boundary of region D does not extend past -45 (Fig.
4). However, the greater than fivefold reduction in the level

HepG2. 1 Huh7 of surface antigen promoter activity observed from construct
1.00 1.00 A3'-53/AS5'-20 is consistent with region D extending further
4.41 1.68 than -53 (Fig. 4).

* 2.64 2.86 From the 3' deletion constructs A3'-23/A5'+17 and
1.21 1.24 A3'-45/A5'+17 (Fig. 3 and 4), it was apparent that the
0.39 0.33 sequence from -44 to -23 contains an essential sequence
0.57 0.28 element of region E required for maximal promoter activity
1.19 0.23 in the absence of sequences from -22 to +16. Therefore, it
0.16 0.04 was surprising that constructs A3'-45/A5'-20 and LS-44/
0.78 0.36 -21, which are deleted or mutated between -44 and -21,

I ~~~~~~~0.200.090120 0.04 showed no reduction in surface antigen promoter activity
1.09 0.86 (Fig. 4). In addition, constructs A3'-23/A5'+ 17 and LS-22/1.09 0.00 +16, which are deleted or mutated between -22 and +16,

displayed full surface antigen promoter activity, whereas
A BC DE F G construct A3' -45/A5' + 17 displayed minimal promoter activ-
isis of the effects of small linker scanning mutations ity (Fig. 4). This finding showed that the sequence between
from the HBV major surface antigen promoter. -44 and + 16 is essential for maximal transcriptional activity
as for Fig. 4. Triangles indicate locations of the but that the separate deletion or mutation of the sequence
For linker insertions, the designation indicates the between -44 and -21 (region E) or -22 and +16 (region G)
teen which the insertion occurs. The internal con- did not affect the transcriptional activity of the major surface
ect for transfection efficiencies was pSV2CAT. antigen promoter. This implies that there is a regulatory

sequence element located 3' to -21 (region G) which can
compensate for the deletion or mutation of sequences from

4rgene promoter. A series of related internal -44 to -21 (region E), indicating that functionally the
targe linker scanning mutations (Fig. 1) was transcription factors which bind to regions E and G can
Lthe AS'-188 construct, and the effect on the substitute for each other but that their influence on the
activity of the major surface antigen pro- transcriptional activity of the surface antigen promoter is not
Lmined (Fig. 4). Transcriptional activity was additive.
hen sequences from -105 to -68 (region C) Analysis of the effects of short linker scanning mutations on
13'-106/A5'-67) or mutated (LS-105/-68), transcription from the HBV major surface antigen gene pro-
maximal promoter activity in both cell lines moter. A series of short linker scanning mutations (Fig. 1)
be supported without these nucleotides. This was introduced into construct A5'-188, and the effect on the
ts two major implications. First, it demon- transcriptional activity of the major surface antigen pro-
5' boundary of region D is located 3' to -68 moter was examined (Fig. 5). Transcriptional activity was
consistent with the results for the 5' deletion not affected when the linker scanning mutations in con-
Second, it indicated that in HepG2.1 cells the structs LS-107/-100, LS-105/-98, and LS-76/-69 were
C can be compensated for by sequences examined (Fig. 5), indicating that maximal promoter activity
n -188 and -105 (Fig. 2 and 4). in both cell lines can be supported without the nucleotides
n of transcriptional activity observed with that were mutated in these constructs. However, the linker
-77/A5'-40 and LS-76/-41 indicates that scanning mutation in construct LS-76/-64 resulted in about
mutation of region D results in an approxi- a threefold reduction in transcriptional activity from the
[0-fold reduction in transcription from the surface antigen promoter (Fig. 5). The influences of muta-
n promoter (Fig. 4). The observation that tions LS-76/-69 and LS-76/-64 position the 5' boundary

of region D between -68 and -64, consistent with the
positioning of the 5' boundary of region D 3' to -68 as

LRNA determined from the absence of any effect of mutation
LUC Relferase LS-105/-68 (Fig. 4). In addition, it is noteworthy that

-188 +1 +157 activity mutations LS-76/-64, IN-64/-63, and IN-62/-61 all
HepG2. 1 Huh7 have a relatively small effect on the transcriptional activity

1.00 1.00 of the surface antigen promoter (Fig. 5). This finding sug-
1.88 0.67 gests that the sequence between -67 and -62 only moder-
41093 0.42 ately reduces transcription from the surface antigen pro-
0.58 1.08 moter. In contrast, mutation LS-61/-49 results in an
0.78 0.24 approximately 10-fold reduction in transcriptional activity
0.81 0.33 from the surface antigen promoter (Fig. 5). This finding
1.41 0.27 indicates that the most critical sequence in region D is
0.26 0.24 located between -61 and -52, since mutation LS-52/-410.00 0.00 snemtto

0. A.O reduces the transcriptional activity of the surface antigen
A BC DEFG promoter only two- to threefold (Fig. 5). This moderate

ion analysis from the 5' end of construct LS-107/ reduction in transcriptional activity observed with mutation
ns are as for Fig. 4. The internal control used to LS-52/-41 is probably due to minor influences on the
ection efficiencies was pSV2CAT. functionally important sequences of regions D and/or E and
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A

2960 (-199) 2980 (-179) 3000 (-159) 3020 (-139)
0 0 * 0

CAATCCCAACAAGGACACCTGGCCAGACGCCAACAAGGTAGGAGCTGGAGCATTCGGGCTGGGTTTCACCCCACCGCACG
GTTAGGGTTGTTCCTGTGGACCGGTCTGCGGTTGTTCCATCCTCGACCTCGTAAGCCCGACCCAAAGTGGGGTGGCGTGC

B D

C

3040 (-119) 3060 (-99)
S

3080 (-79) 3100 (-59)

GAGGCCTTTTGGGGTGGAGCCCTCAGGCTCAGGGCATACTACAAACTTTGCCAGCAAATCCGCCTCCTGCCTCCACCAAT
CTCCGGAAAACCCCACCTCGGGAGTCCGAGTCCCGTATGATGTTTGAAACGGTCGTTTAGGCGGAGGACGGAGGTGGTTA

E G

F

3120 (-39)
0

3140 (-19)
0

0->

3160 (+2) 3180 (+22)

CGCCAGTCAGGAAGGCAGCCTACCCCGCTGTCTCCACCTTTGAGAAACACTCATCCTCAGGCCATGCAGTGG
GCGGTCAGTCCTTCCGTCGGATGGGGCGACAGAGGTGGAAACTCTTTGTGAGTAGGAGTCCGGTACGTCACC

FIG. 7. Sequence of the HBV major surface antigen promoter region (subtype ayw). The nucleotide coordinates are shown (0); an arrow
indicates the approximate location of a predominant HBV major surface antigen transcription initiation site (+ 1, nucleotide coordinate 3159)
(20). The coordinates of the major surface antigen promoter region are derived from the GenBank gene sequence data bank; their positions
relative to a predominant transcription initiation site are given in parentheses. The functionally important regulatory sequence elements of the
promoter are identified (regions A to G). The limits of regions B to E have been precisely defined and are indicated with solid arrows. Regions
A, F, and G have been less well defined, and their approximate (regions F and G) or most probable (region A) locations are indicated with
broken arrows (see text for explanation).

therefore defines the boundary between these two regions.
These observations suggest that the functionally important
sequences of region D do not extend beyond -49, and
therefore region D comprises the sequence between -67 and
-49.
The linker scanning mutations in constructs LS-52/-41,

LS-44/-38, and LS-44/-33 indicate that the 5' boundary
of region E is located 3' to -45. This conclusion is based on
the observation that mutation LS-52/-41 only modestly
influences the transcriptional activity of the surface antigen
promoter, whereas mutations LS-44/-38 and LS-44/-33
reduce the promoter activity greater than 10-fold. Since the
3' deletion series of the surface antigen promoter (Fig. 3) has
mapped the 3' end of region E 5' to -22, this locates the
functional sequences defining region E between -44 and
-23.
An additional complexity in the regulation of surface

antigen gene expression is apparent when the transcriptional
activities of constructs LS-44/-38 and LS-44/-33 (Fig. 5)
are compared with those of constructs A3'-45/A5'-20 (Fig.
4) and LS-44/-21 (Fig. 4 and 5). Analysis of these con-
structs shows that deletion or mutation of sequences from
-44 to -21 does not influence the transcriptional activity of
the surface antigen promoter. However, mutations LS-44/
-38 and LS-44/-33, which alter the sequences from -44 to
-33, display dramatically reduced promoter activities.
These observations imply that mutation of a functional
region E permits a negative regulatory element located in
part between -32 and -21 to function and suppress the

activity of the surface antigen promoter. They also demon-
strate that the 5' end of region F is located 3' to -33 (Fig. 7).
In addition, these observations suggest that the positive
influence on transcription mediated through region E pre-
vents the action of the negative influence mediated through
region F, whereas the positive influence mediated through
region G, which can compensate for the loss of the positive
influence of region E on transcription, can do so only in the
absence of a functional region F (Fig. 4 and 5). This finding
indicates that the positive effect on transcription mediated
through region E is dominant over the negative effect of
region F, whereas the positive effect mediated through
region G is not.

Deletion analysis from the 5' end of construct LS-107/
-100. Since it appeared that the most distal regulatory
sequences in the surface antigen promoter might be utilized
in a cell-type-specific manner (Fig. 2), this region of the
promoter was analyzed further. A series of 5' deletions of
the construct LS-107/-100, which is mutated in region C,
was tested for its effect on the transcriptional activity of the
major surface antigen promoter (Fig. 6). In HepG2.1 cells,
deletion of sequences to -117 (A5'-117LS-107/-100) re-
sulted in no loss of transcriptional activity from the surface
antigen promoter (Fig. 6). This finding indicates that the
sequence from -117 to -107, representing region B, can
compensate for the absence of a functional region C in
HepG2.1 cells. This observation implies that the sequence-
specific transcription factors which bind regions B and C
display functional redundancy.
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HepG2. 1
B or C for G compensates
maximal E inhibits for E in
activity effect of F absence of F

+ + + + + -+

ez mAOa*hA^
A B C D E F G

A+B3 or B+C for
maximal activity

Huh7

E inhibits G compensates
effect of F for E in

absence of F

FIG. 8. Diagrammatic representation of transcription factors A
to G, which regulate expression from the HBV major surface
antigen promoter in HepG2.1 and Huh7 cells. Signs above the
transcription factors indicate whether the factors positively (+) or

negatively (-) regulate promoter activity.

In contrast, in Huh7 cells the 5' deletion series of con-
struct LS-107/-100 indicated that maximal surface antigen
promoter activity was obtained only when sequences ex-
tending to -188 were present (LS-107/-100) (Fig. 6),
despite the observation that region C had not been impli-
cated in the regulation of this promoter in this cell line (Fig.
2 to 5). This finding suggested that one or more sequence
elements (region A) located 5' to region B were compensat-
ing for the loss of a functional region C. The precise
localization of the functionally important sequence(s) within
region A has not been achieved; however, the sequences
between -188 and -126 include the important region, as
construct LS-107/-100 has full promoter activity whereas
construct A5'-125LS-107/-100 displays three- to fourfold-
lower activity. These results indicate that maximal surface
antigen promoter activity in Huh7 cells requires the presence
of either region A plus region B (LS-107/-100) or region B
plus region C (A5'-124) (Fig. 6). Unlike the case of HepG2.1
cells, maximal surface antigen promoter activity was not
observed in Huh7 cells when the distal promoter region
comprised only a functional region B (A5'-117LS-107/
-100) or region C (A5'-103) (Fig. 6). However, deletion of
regions A to C reduces the activity of the surface antigen
promoter only three- to fourfold. This relatively small reduc-
tion in activity cannot easily be attributed to the influence of
a specific promoter region. Therefore, the apparent differ-
ences observed in the regulation of the surface antigen
promoter by these distal elements in HepG2.1 and Huh7
cells may reflect difficulties in measuring small changes in
promoter activity rather than major differences in promoter
regulation.

DISCUSSION

A detailed mutational analysis of the HBV major surface
antigen promoter has been performed to determine the
regulatory sequence elements that control the transcription
of this gene. Seven regions (A to G) of the surface antigen
promoter located within 200 nucleotides of the major tran-
scription initiation site have been identified which modulate
the level of its expression (Fig. 7). These regulatory se-

quence elements probably mediate their effects by interact-
ing with sequence-specific DNA-binding transcription fac-
tors (Fig. 8) (20). The three distal regulatory elements
(regions A to C) positively modulate the promoter activity
approximately fourfold. It appears that maximal activity of
the surface antigen promoter is observed in the dedifferen-
tiated human hepatoma cell line HepG2.1 in the presence of

either region B or region C. This finding suggests functional
redundancy in the role of transcription factors B and C (Fig.
8), which bind to these regulatory sequence elements. Sim-
ilarly, in the differentiated hepatoma cell line Huh7, maximal
activity of the surface antigen promoter was observed in
variously mutated promoter constructs. In this case, maxi-
mal transcriptional activity was observed when regions A
plus B or B plus C were present in the promoter (Fig. 7 and
8). Considering the limited influence that the distal region
has on the transcriptional activity of the surface antigen
promoter and the difficulties involved in measuring small
changes in promoter strengths, it seems appropriate to
consider the distal regulatory sequences as comprising three
regions capable of binding transcription factors (Fig. 8;
transcription factors A to C) which display a degree of
redundancy in their influence on the transcriptional activity
of the surface antigen promoter. The exact role of each
region in the regulation of this promoter will require more
precise and extensive characterization of these regulatory
regions and the transcription factors that interact with them.
The localization of the three distal regulatory regions has

been variably established. Region A is poorly defined on the
basis of this functional analysis and is localized between
-188 and -126 (Fig. 7). Previously, it has been shown that
purified nuclear factor 1 (CTF/NF1 [24]) and a sequence-
specific DNA-binding protein from HepG2 cells bind to this
region (-188 to -176; footprint region I) of the surface
antigen promoter (20, 26). Therefore, it is possible that a
transcription factor which is responsible for increasing the
level of transcription from the surface antigen promoter
through region A is NFl. Region B was precisely defined in
HepG2.1 cells and shown to be located between -117 and
-107 (Fig. 7). This region also binds a sequence-specific
DNA-binding protein present in HepG2 cells (footprint re-
gion II [20]), suggesting that it may be this or a protein with
similar DNA-binding specificity which is responsible for
modulating the activity of the surface antigen promoter
through this regulatory element. From the analysis of the
surface antigen promoter in Huh7 cells, region B is less well
defined, with its 5' end being localized at or near -124 (Fig.
2). However, this observation does not exclude the possibil-
ity that it is the same transcription factor(s) which modulates
the activity of the surface antigen promoter in both cell lines.
Region C is located between -103 and -68. In HepG2 cells,
there is a sequence-specific DNA-binding protein which
binds to this region (footprint region III [20]), and it is
possible that this transcription factor(s) (Fig. 8; transcription
factor C) modulates the activity of the surface antigen
promoter. The identities of transcription factors 13 and C are
currently unknown since their recognition sequences do not
correspond to those of any known transcription factors.
Region D is located between -67 and -49 and binds a

transcription factor(s) (Fig. 8; transcription factor D) that is
essential for maximal surface antigen promoter activity. This
region displays a degree of homology to the SV40 origin of
replication (4), although the significance of this observation
is unclear. Region E is located between -44 and -23 and
binds a transcription factor(s) (Fig. 8; transcription factor E)
that prevents the negative influence of transcription factor F
from reducing the transcriptional activity of the surface
antigen promoter. Since region F is located 3' to -32, it is
apparent that the binding sites for transcription factors E and
F may overlap, and therefore transcription factor E may
prevent the action of transcription factor F by sterically
preventing its binding to the surface antigen promoter. This
could explain why transcription factor G, which binds to
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region G located 3' of -21, cannot prevent the negative
influence of transcription factor F but has the capacity to
compensate for the effect of the loss of transcription factor E
on the transcriptional activity of the surface antigen pro-
moter. The recognition sequences of transcription factors E
and F do not resemble those of known transcription factors.
However, the previously characterized binding site (foot-
print region IV) for a sequence-specific DNA-binding protein
present in HepG2 cells (20) is located within region G. This
recognition sequence (CTCATCCT; +2 to +9) is closely
related to the binding site for a transcriptional control
element (CTCANTCT), the initiator (28, 29), which has been
identified at the transcription initiation site of many genes
(28). Therefore, it is possible that transcription factor G is
the initiator or a related protein. Regions E to G also display
homology with the SV40 major late promoter (4), suggesting
that the surface antigen promoter may be regulated in part by
transcription factors arranged similarly to those regulating
the SV40 late promoter (2).
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