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X Protein of Hepatitis B Virus Resembles a Serine Protease Inhibitor
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The X protein of hepatitis B virus (HBV) has been shown to be a frans-activator for viral and cellular
genes. Amino acid sequences in X protein were found to be highly homologous to functionally essential
sequences in the “Kunitz domain,” characteristic of Kunitz-type serine protease inhibitors. Mutations
at these sequences completely abolished frans-activation. Consequently, HBV X protein resembles a
serine protease inhibitor or its analogue, and may bring about trans-activation by activating certain

transcriptional factors through proteolytic cleavage alteration.
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The trans-activation of cellular oncogene(s) by hepati-
tis B virus (HBV) X gene product from integrated HBY
DNA during chronic infection may be the predominant
mechanism for HBV-directed hepatocarcinogenesis.” Al-
though X protein of HBV has been shown to be a
trans-activator for various viral and cellular genes,” ™ the
mechanism of frans-activation remains to be clarified. As
the amino acid sequence (L-G-G-C-R-H-K) in the
carboxy-terminal region of X protein was previously
shown to be an essential region for trans-activation,” in
this study, a search was made for homology and this
amino acid sequence in X protein was found to be highly
homologous to one essential sequence in the “Kunitz
domain,” characteristic of Kunitz-type serine protease
inhibitors.*® An amino acid sequence highly homolo-
gous to another functionally essential sequence (G-P-C)
next to the reaction site in the Kunitz domain was also
noted in X protein. Mutation at this sequence completely
abolished trans-activation. Consequently, HBV X protein
resembles a serine protease inhibitor and may bring about
trans-activation by activating certain transcriptional
factors through proteolytic cleavage alteration. This
hypothests provides a possible basis for understanding
the mechanisms of hepatocarcinogenesis and the deregu-
lation of cellular gene expression.

To determine the manner in which X protein brings
about transcriptional trans-activation of various genes,
the carboxy-terminal 30-amino-acid sequence was sub-
jected to computer analysis. The No. 132-140 amino acid
sequence in the carboxy-terminal region of HBV X pro-
tein, which is conserved among hepadna viruses, was
found to be highly homologous to the consensus amino
acid sequence (F-V/1-X-G-G-C-R/K) within the Kunitz
domain essential for Kunitz-type serine protease in-
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hibitor function®® and incidentally to p18 protein in the
abl gene of Abelson murine leukemia virus (A-MuLV),
whose function is unknown (Fig. 1). Serine protease
inhibitors are intracellular polypeptides present in many
tissues and inhibit one or some serine proteases such as
trypsin, kallikrein, chymotrypsin, and plasmin by virtue of
their binding to the active center of the protease. Protease
inhibitors regulate the biclogical activity of protease by
becoming associated with or dissociated from them. Thus,
the balance between protease and protease inhibitor
affects various inter- and intracellular phenomena.

Serine protease inhibitors also possess the consensus
amino acid sequence (G-P-C) within their Kunitz
domain, in which the reaction site (R or K) is next to the
(G-P-C) sequence.®™ This reaction site is situated close
fo the former consensus sequence (F-V/I-X-G-G-C-R/
K) owing to the presence of an intramolecular disulfide
bond.*® The X proteins of hepadna viruses and pl8 of
A-MulLV also possess this (G-P-C) sequence, though the
distance to the (F-V/I-X-G-G-C-R/K)} sequence is
different from that of known protease inhibitors with
respect to the primary structure (Fig. 1). The C residue
6 or 7 amino acids upstream from the (G-P-C) sequence
is conserved in X protein. The R residue corresponding
to the cleavage site of bovine basic protease inhibitor
precursor (BBPI) on releasing the inhibitor molecule is
also conserved (Fig. 1). Thus, X protein possesses all the
conserved amino acid residues within the Kunitz domain
of Kunitz-type serine protease inhibitors except for the Y
residue (No. 49 of BBPI) and the three C residues (Nos.
44, 65, and 69 of BBPI) (Fig. 1 and ref. 6-8).

If, in fact, X protein actually resembles serine protease
inhibitors or related proteins, the mutation of the possible
Kunitz domain would have a deleterious effect on its
function. Deeletion of the last 22 amino acids of HBV X
protein was found in the previous study to result in the
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Fig. 1. Comparison of amino acid sequences of X proteins
from hepadna viruses, the Kunitz domains of serine protease
inhibitors and p18**. Common amino acids between any one of
the serine protease inhibitors and hepadna virus X proteins are
boxed with shadows while conserved substitutions are boxed
without shadows. Common amino acids of pl18* compared
with those of serine protease inhibitor and X proteins are also
boxed. Amino acid numbers of the first and last residues in each
sequence are indicated on both sides. HBV, hepatitis B virus®?;
WHYV, woodchuck hepatitis virus?;, GSHV, ground squirrel
hepatitis virus™; BBPI, bovine basic protease inhibitor
precursor™®; RTPI, red sea turtle basic protease inhibitor™;
HaTI, human inter~z-trypsin inhibitor®; TrSt, trypstatin from
rat mast cells.” % denotes two C residues possibly linked
together by a disulfide bond in X protein. The arrow indicates
No. 15 R residue of BBPI, the cleavage site for releasing an
inhibitor molecule. Disulfide bonds in BBPI are as follows;
C(19)-C (69), C(28)-C(52), C(44)-C(65). The carboxy-
terminal 30-amino-acid sequence (Nos. 125-154) of HBV X
protein was subjected to local homology search using the
NBRF protein database with program SEQFP in IDEAS (In-
tegrated Database and Extended Analysis System for nucleic
acids and proteins).

complete abolition of frgns-activation and the conserved
amino acid sequence (L-G-G-C-R-H-K) to be essential
for the trans-activation function of X protein.” Another
mutant X gene was subsequently made and compared
with a wild-type X gene. A wild-type X expression
plasmid pHBVX-1R was constructed by inserting a 0.87
kb Stul(n.t. 988)-Bgll (n.t. 1860) HBV DNA fragment
into the pBR322 BamHI site through the Bg/I linker.
The 0.87 kb HBV DNA fragment contains promoter/
enhancer sequences, X ORF and a poly(A) addition
signal. A mutant plasmid pHBVX-Avall was con-
structed by 81 nuclease digestion of the Avall site (n.t.
1446) followed by blunt-end ligation, and accordingly
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Fig. 2. CAT activity assay of X protein and its mutant.
HepG2 cells were co-transfected with 2 ug of pSV2CAT and 18
ug of each indicated plasmid. pBR322 was used as the negative
control, The plasmid pSV2CAT contains the chloramphenicol
acetyltransferase (CAT) gene driven by the SV40 enhancer/
early promoter. Transfection and the CAT assay were carried
out as described.” The nucleotide sequence of the mutant
plasmid, pHBVX-Avall, was confirmed by the chemical modi-
fication method.™

Nos. 67, 68 and 69 amino acids of X protein G-P-C were
converted to R-C. Their rrans-activation ability was ex-
amined uvsing pSV2CAT as a reporter plasmid. Fig. 2
shows the mutant X to have completely lost its capacity
to bring about tfrans-activation. Consistent with the
above indication that the X protein may resemble a serine
protease inhibitor in structure, the (G-P-C) sequence
was thus essential for X protein to exert its trans-activa-
tion function. However, as shown in Fig. 1, owing to the
absence of the K or R residue next to the (G-P-C)
sequence possessing affinity for the serine residue in the
reactive center of known proteases,” X protein may be
incapable of inactivating the target protease. Even if this
should be the case, the X protein might nevertheless
compete with the substrate or its natural inhibitor by
virtue of tertiary structural similarity. The X protein may
thus deregulate the quantity and quality of transcription
factors in cells by disordering protease action. Such
metabolic deregulation of transcription factors would
result in the abnormal transcriptional activation of some
genes, leading to hepatocarcinogenesis, The exact role of
the (F-V/I-X-G-G-C-R/K) sequence is still not known,
but the sequence might contribute to the formation of the
tertiary structure about the reaction site, this possibly



being essential to recognition between protease and pro-
tease inhibitor. The duck hepatitis B virus (DHBV)
genome lacks these two sequences in the X+ C region”
and has no rrans-activation activity.'” This supports the
view that trans-activation by the X gene occurs by way of
a protease inhibitor-like structure.

Various serine protease inhibitors are present in cells,
making up a superfamily, and the X gene may possibly
derive from one of them. That is, the X gene might be of
cellular origin and might have been transduced into the
hepadna virus genome. This view is consistent with the
previous indication by Miller and Robinson that X gene
is of cellular origin based on the codon usage preference
and the location of this gene in the viral genome.'"

It is of interest that pl8 protein, encoded not only in
the v-gbl region of A-MuLV'® but also in the mouse
c-abl locus,' is homologous to X protein. p18 is thought
to have been transduced to the M-MuLV genome along
with the so-called ab! gene, whose product possesses
tyrosine kinase activity. pl8 is located 330 bp down-
stream from the end of p120¥¢“ ORF in the A-MuLV
genome.

The estradiol receptor was recently shown to possess
proteclytic activity responsible for its own transforma-
tion which confers affinity for nuclei and DNA on the
steroid-receptor complex, and serine protease inhibitors
and substrates impair this transformation of the estradiol
receptor.'” Some protease inhibitors have been shown
to be identical to growth stimulatory factor'™'® or cell
division cycle gene.'” Although the mechanism for
growth stimulation is unclear, these properties are similar
to those of HBV X protein, which exhibits some growth-
stimulatory effect.'™ '
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HBYV X Protein and Protease Inhibitor

Since tfrans-activation function on the part of X protein
depends on the particular cell type used, this protein
may operate through interaction with specific cellular
factor(s) in certain cells.* ™ For detailed clarification of
the mechanism, the target protein for X protein must be
identified.

Chisari et al. recently found the accumulation of toxic
quantities of HBsAg within hepatocytes to result in
severe, prolonged hepatocellular injury which in turn
leads to neoplasia, and that regardless of etiology,
chronic cell injury and associated inflammatory and re-
generative response constitute a prenecplastic condition
which inevitably proceeds toward malignancy.’” Imbal-
ance of protease and protease inhibitor action may also
cause the accumulation of abnormal protein. Thus, X
protein may contribute to hepatocarcinogenesis in multi-
ple modes as a serine protease inhibitor-like protein, that
is, trans-activation of certain genes, growth stimulation,
and the promotion of liver cell injury. Thus, hepadna
virus X proteins may comprise a new oncogene family.
The concept of protease-protease inhibitor balance pro-
vides a new insight into the mechanisms of hepatocar-
cinogenesis as well as deregulation of cellular gene ex-
pression.
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