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Proteolytic Conversion of Hepatitis B Virus e Antigen Precursor to
End Product Occurs in a Postendoplasmic Reticulum Compartment
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At least two proteolytic events are involved in the biogenesis of hepatitis B virus e antigen. The first
proteolytic event removes the signal peptide and results in the translocation of the precursor protein, P22, into
the lumen of the endoplasmic reticulum (ER). The second proteolytic event removes the carboxy-terminal
arginine-rich sequence of P22 and converts it to the 16-kDa hepatitis B virus e antigen end product. In contrast
to the first proteolytic event, the second proteolytic event is suppressed by brefeldin A, a chemical that inhibits
the transport of protein from the ER to the Golgi apparatus. In subcellular fractionation experiments, P22 was
detected in both the ER and the Golgi fractions, but P16 was detected only in the Golgi fraction. On the basis
of these results, we conclude that the conversion of P22 to P16 occurs in a post-ER compartment, mostly likely
the Golgi apparatus.

Hepatitis B virus (HBV) e antigen (HBeAg) is an impor-
tant serological marker for HBV infection. Its presence is
often associated with productive HBV replication (12, 20).
This antigen is derived from a precursor protein named
precore protein (2, 13, 17, 22). The precore protein is related
to the core (capsid) protein of HBV, and both of them are
products of the C gene of HBV (for reviews, see references
4 and 16).
At least two different proteolytic events are involved in

the maturation of HBeAg. The first proteolytic event occurs
cotranslationally (2, 3). This proteolytic event removes the
signal peptide from the precore protein and is mediated by
the signal peptidase located in the lumen of the endoplasmic
reticulum (ER) (2, 3). After the removal of the signal peptide,
the majority of the precore protein derivative, P22, is trans-
located across the ER membrane (3, 15). In the meantime, a
small but significant portion of P22 is released back into the
cytosol and transported into the nucleus (15).

Like other constitutively secreted eucaryotic proteins (7),
P22 is transported via the ER and Golgi compartments to the
cell surface and secreted. During this secretion process, P22
undergoes at least one additional proteolytic cleavage event.
This second proteolytic event converts P22 into lower-
molecular-mass species which range in size from 16 to 22
kDa and which are then secreted (6, 14, 22). Immunologi-
cally, these secreted molecules are known as HBeAg (13).
Although the first proteolytic event for the maturation of

HBeAg is believed to occur in the ER lumen (2, 3), the
subcellular location of the second proteolytic event is still
unclear. In an effort to understand further the biogenesis of
HBeAg, we have decided to localize the subcellular com-
partment in which this second proteolytic event occurs. A
stable transformant, Alex-PC, was established from the
Alexander hepatoma cell line (PLC/PRF/5) by cotransfecting
cells with selection plasmid pSV2neo (19) and plasmid
pRSV-PC (23). pRSV-PC contains the Rous sarcoma virus
promoter and expresses the precore protein of HBV (23).
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Alex-PC was one of the stable transformants selected by the
neomycin analog G-418 (23).
To determine whether the precore protein is expressed

and processed to HBeAg in Alex-PC cells, we performed
pulse-chase labeling and radioimmunoprecipitation experi-
ments. As shown in Fig. 1A, precore protein derivative P22
was the predominant protein species in Alex-PC cells when
there was no chase. The amount of P22 in the cells was
reduced as the length of the chase increased (lanes 2 to 8).
After 15 min of chase, a protein species with a molecular
mass of 16 kDa (P16) appeared. The amount of P16 reached
a peak after 30 min of chase and was gradually reduced
thereafter. P16 was secreted into the medium after 30 min of
chase and continued to accumulate in the medium during the
chase (Fig. 1B). This result is consistent with those of
previous reports (6, 14, 22) and indicates that P22 is prote-
olytically processed and secreted as P16 (HBeAg) in
Alex-PC cells. In our previous studies, the HBeAg end
product of P22 identified was heterogenous in size, with a
molecular mass ranging from 16 to 22 kDa (14, 15). How-
ever, as shown in Fig. 1, HBeAg secreted from Alex-PC
cells was homogeneous in size, with a molecular mass of 16
kDa (P16). Since in our previous experiments the host cells
used were Xenopus oocytes (14) and COS cells (15), a
transformed monkey kidney cell line, the discrepancy ob-
served is likely due to the efficiency of proteolytic cleavage
of P22 in different cell types.
To determine whether P22 is converted to P16 in the ER,

we treated Alex-PC cells with brefeldin A (BFA), a chemical
known to specifically inhibit protein transport from the ER
to the Golgi apparatus (9, 10, 18). Because of its ability to
inhibit protein transport, BFA will inhibit the proteolytic
cleavage of P22 if the latter occurs in a post-ER compart-
ment. As shown in Fig. 2, P16 was not detected in cells
treated with BFA (lane 3) but was clearly detectable in cells
not treated with BFA (lane 2). This result suggests that P22
is proteolytically converted to P16 in a post-ER compart-
ment. The suppression of the processing of P22 to P16 by
BFA is not likely to be a nonspecific artifact, because the
first proteolytic event for the generation of P22, a step
believed to take place in the ER lumen (2, 3), was unaffected
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FIG. 1. Pulse-chase labeling analysis for precore protein.
Alex-PC cells preincubated in methionine-free medium for 1 h were

labeled with [35S]methionine for 15 min. The cells were then
incubated with fresh medium containing 5 ,ug of nonlabeled methi-
onine per ml. At the indicated times, the medium was removed and
the cells were washed twice with phosphate-buffered saline and
lysed with 10 mM Tris-HCI (pH 7.0)-150 mM NaCl containing 0.5%
Nonidet P-40. After brief centrifugation to pellet the nuclei, cell
lysates were mixed with an equal volume of RIPA (10 mM Tris [pH
7.0], 150 mM NaCl, 1% Triton X-100, 1% sodium deoxycholate,
0.1% sodium dodecyl sulfate) and immunoprecipitated with rabbit
antiserum directed against the denatured core protein by our previ-
ously described procedures (15). The medium was mixed with an

equal volume of RIPA and similarly immunoprecipitated. In all the
lanes, samples derived from similar amounts of cells were loaded on
the gel. (A) Immunoprecipitates of cell lysates. (B) Immunoprecip-
itates of the medium. Lane 1 of panel A is the parental Alexander
cell control. PC and C indicate the locations of full-length precore

(25-kDa) and core (21-kDa) proteins, respectively. These two pro-

tein markers were synthesized in vitro with rabbit reticulocyte
lysates and run in parallel on the gel. The locations of P22 and P16
are indicated.

by BFA. Furthermore, the processing of haptoglobin, a

protein known to be processed in the ER, has also been
shown not to be affected by BFA (10). Thus, the result
shown in Fig. 2 suggests that the processing of P22 to P16
occurs in a post-ER compartment.
To confirm this observation, we preformed a subcellular

fractionation experiment with a discontinuous sucrose gra-
dient prepared with 2.0, 1.3, 1.0, 0.6, and 0.25 M sucrose
solutions. The profile of this sucrose gradient is shown in
Fig. 3A. Bole et al. (1), using this method, reported that the
ER membrane can be enriched in the interface of 2.0 and 1.3
M sucrose solutions and that the Golgi membrane can be
enriched in the interface of 1.0 and 0.6 M solutions. To
determine the efficiency of this separation method, we

performed two control experiments. In the first control
experiment, we used GRP78, a resident protein of the ER (5,
8, 11), as a marker for the ER fraction. As shown in Fig. 3B,
GRP78 was detected only in the ER interface and not in the
Golgi interface, indicating that the Golgi fraction was not
significantly contaminated by ER proteins. In the second
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FIG. 2. Suppression by BFA of the proteolytic conversion of P22
to P16. Alex-PC cells were starved for methionine with methionine-
free medium for 1 h and labeled with [35S]methionine for 30 min. The
cells were then lysed with 10 mM Tris-HCI (pH 7.0)-150 mM NaCl
containing 0.5% Nonidet P-40 and radioimmunoprecipitated by the
method described in the legend to Fig. 1. Lanes: 1, parental
Alexander cell control; 2, Alex-PC cells without BFA treatment; 3,
Alex-PC cells treated with BFA at a concentration of 5 ,ug/ml during
starvation for methionine and labeling with [35S]methionine. Arrow-
heads indicate the locations of P22 and P16. P22 appeared as a

doublet band on the gel, possibly because of its phosphorylation
(23).

control experiment, horseradish peroxidase-conjugated
wheat germ agglutinin (WGA) was used as a marker for
trans-Golgi proteins. WGA is a lectin that binds specifically
to trans-Golgi proteins containing clustered terminal
N-acetylneuraminic acid residues as well as N-acetylglucos-
amine-containing oligosaccharide chains (21). As shown in
Fig. 3C, protein samples prepared from the Golgi interface
reacted efficiently with WGA, whereas protein samples
prepared from the ER interface did not show significant
reactivity with WGA. Since protein samples prepared from
the ER interface at a concentration of 125 ,ug/ml had about
the same reactivity with WGA as did the protein samples
prepared from the Golgi interface at a concentration of 1
,ug/ml, less than 1% of the proteins in the ER interface were
contaminating Golgi proteins. These two control experi-
ments demonstrated that this discontinuous gradient is an

efficient method for separating ER and Golgi membranes.
Thus, this method was used to study the subcellular local-
ization of P22 and P16.
As shown in Fig. 4, although P22 was detected in both the

ER and the Golgi fractions (lanes 3 and 4), P16 was detected
only in the Golgi fraction (lane 4). This result confirms the
result shown in Fig. 2, which indicated that the conversion of
P22 to P16 takes place in a post-ER compartment. Because
of the association of P16 with the Golgi fraction, this result
also suggests that this post-ER compartment is the Golgi
apparatus. As a control experiment, Alex-PC cells were also
treated with BFA and fractionated on the gradient. As
shown in Fig. 4, P22 was detected in both the ER and the
Golgi fractions (lanes 1 and 2), but P16 was no longer
detected in either fraction. The detection of a small amount
of P22 in the Golgi fraction (lane 2) could have been due to
the incomplete blockage of protein transport by BFA or to a

change in a biochemical property of a fraction of the ER
membrane which was subsequently fractionated into the
Golgi interface.

In summary, our results demonstrate that the production
of P22 is unaffected by BFA but that the conversion of P22
to the P16 HBeAg end product is suppressed by BFA (Fig.

A.
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FIG. 3. Analysis of subcellular fractionation. Subcellular fractionation was performed by the procedure of Bole et al. (1), with a slight
modification. In brief, cells grown on a 10-cm plate were washed once with ice-cold phosphate-buffered saline and twice with a 0.2 M sucrose
solution in 25 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) (pH 7.2) and scraped off in 2.0 ml of a 0.2 M sucrose
solution in 25 mM HEPES (pH 7.2) containing 1 ,ug of aprotinin per ml. The cells were homogenized by 10 strokes with a tightly fitting B pestal
in a precooled Dounce homogenizer. After centrifugation at 200 x g and 4°C for 5 min to remove cell debris, the cell lysate was layered on
top of a discontinuous sucrose gradient containing 1.5 ml of 2.0 M, 3.4 ml of 1.3 M, 3.4 ml of 1.0 M, and 2.2 ml of 0.6 M sucrose solutions
in 25 mM HEPES (pH 7.2) containing 1 ,ug of aprotinin per ml. After centrifugation for 2 h in a Beckman SW41 rotor at 40,000 rpm and 4°C,
the interface of the 2.0 and 1.3 M sucrose solutions (ER fraction) and that of the 1.0 and 0.6 M sucrose solutions (Golgi fraction) were isolated
with needled syringes. The samples prepared from five plates of cells were pooled and concentrated about 50-fold with a Centricon-3
concentrator (Amicon). The protein concentrations of the samples were measured with a Bio-Rad protein assay kit. (A) Discontinuous
sucrose gradient profile. (B) Western blot (immunoblot) of GRP78. Approximately 200-,ug protein samples from the ER (lane 1) or Golgi (lane
2) fractions were loaded on the gel for analysis. Lane M contains prestained protein molecular mass markers (in kilodaltons) (Bethesda
Research Laboratories). Parts of the markers came off during hybridization. The primary antibody used was rabbit anti-GRP78 (5, 8, 11), and
the secondary antibody used was alkaline phosphatase-conjugated goat anti-rabbit. The color development reaction was carried out with a
Bio-Rad alkaline phosphatase substrate kit. (C) Enzyme-linked immunosorbent assay of Golgi proteins. Protein samples diluted in 0.1 M
NaCO3 (pH 9.6) to various concentrations (Conc.) were used to coat wells of microtiter plates. After being coated with 0.25-ml protein
samples at 4°C overnight, the wells were washed three times with TN solution (20 mM Tris-HCl [pH 7.4] containing 0.05% Nonidet P-40) and
blocked with 1% bovine serum albumin in 0.1 M NaCO3 (pH 9.6) for 3 h at 40°C. After three washes with TN solution, 0.24 ml of a 1:1,000
dilution of horseradish peroxidase-conjugated WGA (ICN) was added to each well. The plates were further incubated at 40°C for 2 h and
washed four times with TN solution. Finally, the samples were treated with an Abbott OPD kit, and color development was measured with
a microtiter plate reader (Dynatech). O.D., optical density.

2). This result confirms the fact that the first proteolytic
event for the biogenesis of HBeAg occurs in the ER com-
partment and suggests that the second proteolytic event, the
maturation of P16, takes place in a post-ER compartment.
The latter is confirmed by the subcellular fractionation
results shown in Fig. 4, which demonstrated that P16 could
not be detected in the ER fraction. Although the exact
compartment in which the conversion of P22 to P16 takes

place remains to be determined, the association of P16 with
the Golgi fraction suggests that this proteolytic cleavage
event takes place in the Golgi apparatus.
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FIG. 4. Immunoprecipitation analysis of P22 and P16 fraction-
ated on the sucrose gradient. Alex-PC cells labeled with [35S]me-
thionine were homogenized and fractionated on a discontinuous
sucrose gradient by the method described in the legend to Fig. 3.
Lanes: 1 and 2, cells treated with 5 ,ug of BFA per ml; 3 and 4, cells
not treated with BFA; 5, full-length precore (PC) and core (C)
protein markers. The locations of P22 and P16 are also indicated.
The background signal in lane 1 is higher than that in lane 3, possibly
because of the accumulation of nonspecific protein signals in the ER
fraction because of BFA treatment. ER, ER fraction; G, Golgi
fraction.
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