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G
lobally, an estimated 36
million people are living
with HIV, and some 20 mil-
lion people have already
died of AIDS.1 Today, there

is still no HIV vaccine available. HIV
virus-like particles are an attractive vac-
cine candidate due to their ability to
induce both antibody and cytotoxic T-
lymphocyte responses.2

In this article, we describe the 
development of a production process for
an HIV particle vaccine, HIV-1 p55 (gag).
The gag precursor protein (p55) is suffi-
cient for assembly and cellular release of
retrovirus-like particles. We expressed the
p55 gag protein using the BEVS technol-
ogy in Spodoptera frugiperda expresSF+®
cells. In order to remove contaminating
proteins and nucleic acid, secreted p55
VLPs (virus-like particles) were dena-
tured, purified, and then refolded into 
virus-like particles of approximately 23
nm in diameter. We describe the final
product characteristics, as well as the
results achieved in  cloning, expression,
fermentation, purification development,
and particle formation.

Introduction

In the HIV-infected cell, gag is
expressed as a precursor polyprotein,

p55gag (p55), which is subsequently
cleaved by the viral protease encoded in
the pol (polymerase) gene to yield p17
matrix protein, p24 capsid protein, and
p16 nucleocapsid protein.3 Post-
translational modifications of gag gene
products in HIV-infected cells include
N-terminal myristylation of p17 and
phosphorylation of p24.4 Madisen5 first
described the expression of gag
polyprotein in recombinant bac-
ulovirus-infected insect cells. The gag
gene products appear to be post-trans-
lationally modified in insect cells in the
same way as when produced in 
mammalian cells: p17 is myristylated
and p24 is phosphorylated.6

When synthesized in baculovirus-
infected cells, recombinant p55 precur-
sor is capable of self-assembly into
retroviral core-like particles that are
approximately 100 nm in diameter.6,7

N-myristylated p55 forms membrane-
enveloped VLPs that are released into
the external medium by budding from
the plasma membrane of insect cells
expressing p55. When myristylation 
is abolished via mutation of the N-ter-
minus, particle formation still occurs,
but the particles do not bud from 
the membrane.7

Because p55 VLPs possess more of
the higher order structure of HIV 
capsids, as compared to monomeric gag
proteins, conformationally dependent
epitopes may be present that would
induce an improved immune response.
Therefore, the baculovirus expression
vector system (BEVS), that was invented

and patented approximately 20 years
ago,8,9 provides a distinct advantage for
producing a particle vaccine based on
the p55 precursor protein.

We have expressed the p55 gag 
protein using BEVS technology in
Spodoptera frugiperda expresSF+®
(SF+) insect cells and optimized the cell
culture conditions for maximum 
production of p55 VLPs. In order to
remove contaminating proteins and
nucleic acid, secreted p55 VLPs were
denatured, purified, and then refolded
into VLPs of approximately 23 nm 
in diameter. The p55 vaccine is 
undergoing testing in animals with 
various adjuvants, and is anticipated
to enter human clinical trials in 2003.

This paper describes the cloning
strategy and the development of an
optimal cell culture and purification
process for recombinant p55. We also
address the particle formation and 
characteristics of the final product.

Materials and Methods

Construction of the recombinant bacu-
lovirus for expression of HIV-1 p55gag

Subcloning the HIV-1 p55 coding
sequence into a PSC baculovirus trans-
fer plasmid: A plasmid derived from
lambda clone BH10,10,11 which
includes nearly all of the genome
(HTLV-III/LAV isolate), was used as a
template to amplify the p55 protein
coding sequences by PCR (Figure 1). A
5’ primer (O-1017), that began 4 base
pairs downstream from the 5’ end of the
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gag open reading frame, was made by
deleting the natural translational start
codon and adding a SmaI restriction
enzyme site. A 3’ primer (O-1118), with
a KpnI restriction site, was designed to
terminate after the natural stop codon
of the gag open reading frame. The
resulting 1.5 kbp p55 gene was digested
with SmaI and KpnI, and then gel 
purified. PSC baculovirus transfer 
plasmid pPSC1 (consisting of the
AcNPV EcoRI “I” fragment inserted
into pUC8, with the polyhedrin coding
sequences after the ATG start codon and
replaced with a polylinker site) was also
digested with SmaI and KpnI, and then
gel-purified and ligated with the 
digested p55 PCR product (Figure 1).
Competent E.coli H5� cells were trans-
formed with the ligation mix, bacterial
colonies were picked, plasmid DNA

mini-preps were prepared, and a 
positive clone pAcB6980 was selected
for large-scale plasmid purification.

Restoration of the sequence encoding
the authentic p55 N-terminus: The
SmaI site, added immediately after 
the start codon, was removed by 
overlap-extension PCR (Figure 2).
During this procedure, codons 5 and 6
were replaced with a translationally
silent NheI site to aid further manipula-
tions. Substitution of these codons did
not change the predicted amino acid
sequence, and kept the p55 N-myristy-
lation signal intact.

Plasmid pAcB6980 was used as a
template to restore the authentic p55
N-terminus with the use of a two part
overlap extension PCR procedure
(Figure 2) and three primers. Primer

O-1023 removed the added SmaI site
and primer O-1024 inserted the silent
NheI site. The 5’ 19 bases of primer 
O-1023 consisted of the reverse com-
plement of the 5’ 19 bases of primer 
O-1024. The third primer, O-959,
annealed AcNPV ORF603 upstream of
the unique NgoMIV site (Figure 2).
Two PCR reactions were performed
with the pAcB6980 template, one using
primers O-959/O-1023, and the other
using primers O-1024/O-1018 (Figure
2). The resulting PCR products were
gel-purified.

To create a PCR product in which the
polyhedrin promoter/5’ untranslated
region (UTR) was fused to the authentic
p55 coding sequence, the two PCR
products were combined and subjected
to an additional round of PCR (Figure
2). Because the 3’ end of the polyhedrin
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Figure 1. Cloning strategy for insertion of the HIV-1 p55 coding
sequence into a PSC baculovirus transfer plasmid. The p55
coding sequence was cloned into the PSC baculovirus transfer
plasmid pPSC1 using PCR and standard cloning techniques.12

See Methods for details.

Figure 2. Cloning strategy for repair of the p55 coding sequence
in the PSC baculovirus transfer plasmid. The p55 coding
sequence in the PSC transfer plasmid pPSC1 was restored
using overlap-extension PCR and standard cloning tech-
niques.12 See Methods for details.



promoter/5’ UTR PCR product
(pAcB6980/O-959/O-1023) overlapped
the 5’ end of the p55 PCR product 
prepared with the pAcB6980 template
and primers O-1024/O-1018, the PCR
products could be combined, annealed,
and overlap-extended by PCR using
primers O-959 and O-1018 (Figure 2).
This final PCR product was 
gel-purified.

The resulting overlap-extended
PCR product was reinserted into the
pPSC1 baculovirus transfer plasmid
(Figure 2). The PCR fragment was
digested with NgoMIV and KpnI,
purified, and ligated into NgoMIV-
KpnI-cut pPSC1. Competent E.coli
DH5� cells were transformed with the
ligation mix, and a positive clone,
pAcB7345, was selected for large-scale
plasmid purification. DNA sequence
analysis (data not shown) revealed that
the deduced amino acid sequence of
pAcB7345 matched the BH10 sequence
exactly (GenBank Accession No.
M15654), and therefore has an 
authentic p55 coding sequence. This
clone was used to make a recombinant
baculovirus expression vector.

Transfection / isolation of recombinant
baculovirus clones: To construct a
recombinant baculovirus expression
vector, Sf9 insect cells were co-transfect-
ed with linearized AcB729.3 modified
AcNPV baculovirus DNA and the
pAcB7345 baculovirus transfer plasmid,
by inserting the p55 expression cassette
into the baculovirus genome via homol-
ogous recombination. Co-transfected
cells were harvested by centrifugation,
and the supernatant was used to grow
isolated plaques on plates containing
Sf9 cells. Several plaques derived from
recombinant baculoviruses, which have
a clear phenotype, were picked from the
plates. Virus AcB7345.3t was used to
generate virus stocks.

Generation of the virus banks: A
Passage 1 (P1) viral stock of AcB7345.3t
recombinant baculovirus was prepared
by adding the isolated plaque to Sf9 cells
in 5 ml of TNM-FH medium with 5%
fetal bovine serum. After incubation for
5 days at 28°C, the infected cells were
harvested and removed from the culture

medium by low-speed centrifugation.
One milliliter of the P1 virus stock was
used to inoculate a 50 ml culture of SF+
cells in Protein Sciences Fortified
Medium (PSFM), at a density of 1.5 x
106 cells/ml, in a 100 ml spinner flask.
The spinner flask was then stirred at 100
rpm for 48 hours at 28°C. Following
incubation, the infected cells were 
harvested by low-speed centrifugation.

One milliliter of culture supernatant,
comprising the Passage 2 virus stock,
was used to infect a 3-liter spinner flask
containing 500 ml of SF+ cells, at a 
density of 1.5 x 106 cells/ml, in PSFM.
This flask was incubated at 28°C 
on a stir plate at 100 rpm. At 
72 hours post-infection (hpi),
the cells were harvested by low-speed 
centrifugation.

This supernatant, containing the
Passage 3 virus (P3), was titered by
plaque assay and then designated as the
Master Virus Bank. To make a Working
Virus Bank, a 3-liter spinner flask was
seeded with 500 ml of SF+ cells, at a
density of 1.5 x 106 cells/ml, in PSFM.
The culture was infected with the P3
virus stock at a multiplicity of infection
(MOI) of 0.1, and then incubated at
28°C on a stir plate at 100 rpm. At 72
hpi, the cells were harvested by low-
speed centrifugation. The supernatant
containing Passage 4 virus was titered

by plaque assay. DNA restriction analy-
sis and Southern blot hybridization
confirmed that the p55 gene was cor-
rectly inserted into the virus in the bac-
ulovirus expression vector, AcB7345.3t.

500L growth of p55: SF+ cells in 500 L
of PSFM were grown to a density of 1.5
x 106 cells/ml in a 600 L ABEC 
bioreactor. The cells were infected with
AcB7345.3t virus at an MOI of 1.0, and
then incubated at 28°C while stirring at
40 rpm with 60% dissolved O2. At 48
hpi, the protease inhibitor leupeptin
was added to a final concentration of
1.0 mg/ml. At 96 hpi, the culture super-
natant was harvested by passage
through a continuous flow centrifuge.

Purification of recombinant p55:
Calcium chloride and Tris base were
added to the above harvested culture
supernatant to a final concentration of
10mM and 28mM, respectively. After
a 30-minute incubation at room 
temperature, the resulting p55-contain-
ing precipitate was collected by 
centrifugation. This pellet was homoge-
nized in 30mM sodium phosphate, at
pH 11.3, with 0.1% Tween-20, 6M urea,
0.01% �-mercaptoethanol, 50mM
EDTA, and 1µg/ml leupeptin. The 
solution was incubated for 30 min at
4°C to solubilize the p55, and then the
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Figure 3. P55 forms virus-like particles that are secreted from insect cells. SF+ cells in serum-
free medium were infected with AcB7345.3t virus. A sample of the p55-containing medium was
analyzed on a linear 20%-to-60% sucrose gradient. Samples of the concentrated total culture
medium (lane A), the top of the sucrose gradient (lane B), and a band at approximately 40%
sucrose (lane C) were analyzed by SDS-PAGE (left panel) and Western blot (right panel).
Sucrose density gradient-purified recombinant p55 was diluted to 5 µg/ml, stained with 1%
uranyl acetate, and viewed with a JEOL 100CX transmission electron microscope at a mag-
nification of 36,000x. Four representative fields are shown. The bar at the lower right corre-
sponds to 100 nm.



pH was adjusted to 7.8 to precipitate
released contaminates.

The solution was centrifuged at 6,000
x g for 30 min at 4°C. The clarified super-
natant containing p55 was diluted in
30mM sodium phosphate (pH 7.8), 6M
urea, 0.1 % Tween-20, and 0.01% �-mer-
captoethanol to reduce the conductivity,
and then loaded onto a DEAE 
FF Sepharose column (Amersham
Biosciences, Piscataway, NJ) and a CM FF
Sepharose column (Amersham
Biosciences, Piscataway, NJ) linked in
tandem and equilibrated in 30mM sodi-
um phosphate (pH 7.8), 6M urea, 25mM
NaCl, 0.1% Tween-20, and 0.01% �-mer-
captoethanol. The columns were washed
to UV baseline and the DEAE column
was disconnected from the CM column.

P55 was eluted from the CM column
with a linear NaCl gradient (25mM to
1M) in 30mM sodium phosphate (pH
7.8), 6M urea, and 0.01% �-mer
captoethanol. Fractions containing 
p55 were pooled, and then ammonium 
sulfate was added to a concentration 
of 0.7M. The fractions were then 
loaded onto a Phenyl Sepharose High
Performance column (Amersham
Biosciences, Piscataway, NJ) which 
had been equilibrated in 30mM sodium
phosphate (pH 7.8), 6M urea,
0.7M ammonium sulfate, and 0.01% 
ß-mercaptoethanol.

The column was washed with 30mM
sodium phosphate (pH 7.8), 6M urea,
0.6M ammonium sulfate, and 0.01% 
�-mercaptoethanol to UV baseline, and
p55 was then eluted with 30mM sodium
phosphate (pH 7.8), 0.175M ammoni-
um sulfate, 0.6M urea, and 0.01% 
�-mercaptoethanol. Fractions contain-
ing pure p55 were pooled, then dialyzed
into 30mM Tris-Cl (pH 8.0) with
500mM NaCl, 400mM sucrose, 400mM
L-arginine, 1mM EDTA, and 0.01% 
�-mercaptoethanol, and then into
10mM Tris (pH 8.0), 140mM NaCl, and
400mM L-arginine. The final product
was filtered with a 0.2µm filter.

Other methods: Endotoxin levels were
determined by the gel clot technique.15

In order to detect baculovirus DNA, a
standard curve was generated with
known amounts of baculovirus DNA (0
- 40pg), and from the same virus used to
express the recombinant protein in the
sample being tested), by PCR of
extracellular baculovirus template.

Using the same primers used to 
generate the standard DNA, a vaccine
dose-equivalent sample of purified p55
was phenol-chloroform extracted12 and
subjected to PCR. This PCR product
was run on an ethidium bromide-
stained agarose gel and then compared
to the standard curve to quantitate con-

taminating baculovirus DNA. Western
blots were processed with HIV-1 p24
antiserum (Biodesign International,
Saco, Maine).

Results

Characterization of the recombinant
baculovirus containing the full-length
HIV-1 p55gag

Genomic DNA was isolated from
the recombinant virus pAcB7345.3t.
The DNA was digested with various 
restriction enzymes and the fragment
sizes agreed with those that were 
predicted. Southern blotting was 
also used to confirm that a single 
copy of the p55 gene was in the 
appropriate location in the AcB7345.3t
baculovirus vector.

Recombinant p55 is secreted as
virus-like particles by SF+ cells

The expression and physical state of
p55 protein secreted from recombinant
baculovirus-infected insect cells was
examined. SF+ cells were infected with
AcB7345.3t virus that contained the
full-length p55 gene. At 72 hpi the 
culture supernatant was ultracen-
trifuged and the resulting pellet was 
re-suspended in 0.1X TE containing
0.1% Tween-20, and then applied to a
linear, 20% to 60%, sucrose gradient
containing 0.1% Tween-20. The 
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Figure 4. Optimization of baculovirus MOI.
SF+ cells were infected with AcB7345.3t
virus at various MOIs, and then harvested at
72 hpi. Culture supernatants were analyzed
by Western blot.

Figure 5. Kinetics of p55 expression. Serum-free cultures of SF+ cells, at a density of 1.5
x 106 cells/ml were infected with AcB7345.3t virus at an MOI of 1.0. Samples were taken
from each culture at 72, 96, 104, and 128 hpi and analyzed by SDS-PAGE (A) and
Western blot (B).



gradient was centrifuged at 100,000 x g
for 18 hours.

A band observed in the lower third of
the gradient was collected and subjected
to SDS-PAGE and Western blotting. The
stained gel (Figure 3, left panel) showed
that a 55kD species was the only major
protein present in the band from the
sucrose gradient (lane C). Anti-p24
antisera reacted strongly with this band
(Figure 3, right panel, lane C), which
indicated that p55 is secreted in the
form of particles with a buoyant density
of approximately 1.8, or a sucrose 
concentration of about 40%. These esti-
mates are in close agreement with 
densities previously reported for similar
p55 particles produced by recombinant
baculovirus-infected cells.13, 14

To directly visualize the morphology
of the particles isolated by sucrose 
gradient centrifugation, the fraction
containing the p55 particles was 
analyzed by electron microscopy.
Spherical particles were observed that
resembled precursor core particles in
size (approximately 100nm) and in
shape (Figure 3). The particles appear to
be hollow, which is consistent with the
absence of nucleic acid in the center.
The morphology and dimensions of the
particles are in good agreement with
those previously reported for particles
formed from similar baculovirus-
produced HIV p55.7,13,14

Optimization of cell culture condi-
tions for maximum p55 expression

By optimizing the insect cell culture
conditions and viral infection, we
increased yields of recombinant p55
approximately three-fold, to >150mg/L.
Specifically, we optimized the viral
MOI, insect cell density, the time of cul-
ture harvest, and the amount of
protease inhibitor that was added.

MOI: Serum-free cultures of SF+ cells,
at a density of 1.5 x 106 cells/ml,
were infected with AcB7345.3t virus at 
various multiplicities of infection
(MOI). The cultures were harvested 
by centrifugation at 72 hpi, and 
the p55 levels in the culture super-
natants were analyzed using Western
blots (Figure 4). Increasing the MOI
beyond 1.0 did not result in 

concomitant increases in p55 expres-
sion. At an MOI <0.3, expression levels
of p55 decreased. In addition, cell 
density continued to increase after
infection at an MOI of 0.1 and 0.3.

Therefore, the optimal MOI chosen
for production of recombinant p55
was 1.0.
Cell density: At various densities,
serum-free cultures of SF+ cells were
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Figure 6. Leupeptin evaluation. Serum-free cultures of SF+ cells at a density of 1.5 x 106

cells/ml were infected with AcB7345.3t virus at an MOI of 1.0. Leupeptin was added to cul-
tures at the time of infection, 48 hpi, and 72 hpi. The cultures were harvested at 96 hpi, and
both pellets and supernatants were analyzed by SDS-PAGE (A) and Western blot (B). P = cell
pellet, SN = culture supernatant, “+” = addition of leupeptin.

Figure 7. Precipitation of recombinant p55 VLPs with calcium. Supernatant from SF+ cells infect-
ed with AcB7345.3t virus was brought to a final concentration of 10 mM CaCl2 and 28 mM Tris,
and then centrifuged. The precipitated pellet (Ppt pellet) and supernatant (Ppt sup) were ana-
lyzed for p55 by SDS-PAGE (A) and Western blot (B). The arrows show the position of p55.



infected with AcB7345.3t virus at an
MOI of 1.0. At 72 hpi, the cultures were
harvested by centrifugation, and protein
levels in the culture supernatants were
evaluated using SDS-PAGE and Western
blotting. Increasing the cell density
beyond 1.5 x 106 cells/ml did not result
in increased secretion of p55 into the
culture supernatant. In fact, the amount
of expressed p55 began to decrease
when the cell density increased above
3.0 x 106 cells/ml. Therefore, the opti-
mal cell density chosen for production
of p55 was 1.5 x 106 cells/ml (data 
not shown).

Time of harvest: Serum-free cultures
of SF+ cells, at a density of 1.5 x 106

cells/ml, were infected with
AcB7345.3t virus at an MOI of 1.0. At
various times after infection, samples
were taken and p55 levels were evalu-
ated (Figure 5). P55 increased to a
maximum level in the culture super-
natant at 96 hpi. At later harvest times,
decreasing amounts of p55 were
found. At the same time, cell lysis,
which is the normal endpoint for bac-
ulovirus infection of insect cells,
resulted in decreased cell viability and
release of proteases, which degraded
the p55. The optimal harvest time for
p55 was therefore chosen to be 96 hpi.

Addition of leupeptin: We have had
success in preventing proteolysis of
other SF+ secreted proteins with 
leupeptin (a serine, plasmin, and 
cysteine protease inhibitor), which 
presumably inhibits the viral protease
cathepsin. Therefore, we tested 
the effects of leupeptin in this applica-
tion. SF+ cells were infected with
AcB7345.3t virus at an MOI of 1.0, and
leupeptin was added to the cultures at
various times.

Cultures were harvested at 96 hpi,
and p55 levels were analyzed (Figure
6). Addition of leupeptin at 48 hpi
resulted in a dramatic increase in the
amount of p55, both in the cell pellet
and culture supernatant. In addition,
there was a higher ratio of p55 in the
culture supernatant relative to the cell
pellet. The optimal leupeptin concen-
tration was determined to be 1µg/ml
(data not shown).

Purification of recombinant p55: In
the Methods section, the protocol for
the purification of p55 from 
baculovirus infected SF+ cells is
described in detail. Initially, p55 VLPs
were purified by a non-denaturing
process (Figure 3), but the resulting
DNA, endotoxin, and contaminating
protein levels made the material unsuit-
able for use as a clinical vaccine. We
speculated that these contaminants
were being trapped inside the p55 VLPs
as they were being secreted from the
insect cells. The process described here
denatures p55 VLPs (as secreted from
the insect cells) with urea and detergent,
and purifies p55 with two selective 
precipitation steps: ion exchange 
chromatography and hydrophobic
interaction chromatography. P55 is then
refolded with dialysis and reassembled
into particles (Figure 11).

A 500L culture of SF+ cells was
infected with recombinant AcB7345.3t
virus, and the culture supernatant was
harvested (see Methods). Calcium 
chloride and Tris were added to 
the harvested culture supernatant 
to precipitate p55 VLPs (Figure 7).
This step removed contaminants and
allowed us to freeze the VLPs for storage
in a smaller volume. Furthermore,
freezing the culture supernatant, as 
harvested, caused a partial precipitation
of p55 VLPs (data not shown),
which would have caused problems
during purification.

The p55-containing pellet was resol-
ubilized at pH 11.3 for purification in

batches. The pH was shifted to 7.8,
which precipitated contaminants while
leaving the p55 in solution (Figure 8).
This p55 solution was clarified and 
further purified by ion exchange and
hydrophobic interaction column 
chromatography in the following man-
ner. The p55 solution was diluted to
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Figure 8. Resolubilization of calcium-precipi-
tated p55 VLPs. Calcium precipitated p55
(“Ppt pellet”) was homogenized in urea and
detergent at pH 11. The pH was then
decreased to 7.8 and the solution was cen-
trifuged. The results were analyzed by SDS-
PAGE (A) and Western blot (B). Arrows show
the position of p55.

Figure 9. P55 is purified on ion
exchange columns. Solubil-
ized, clarified p55 was passed
through a DEAE Sepharose
column linked, in tandem, to a
CM Sepharose column. P55
flowed through the DEAE col-
umn and bound to the CM col-
umn, and was then eluted with
a linear (25mM to 1M NaCl)
gradient. Samples were ana-
lyzed by SDS-PAGE (top) and
Western blot (bottom). Arrows
indicate the position of the
p55 peak.



reduce ionic strength and then
pumped over a DEAE Sepharose ion
exchange column that was linked, in
tandem, to a CM Sepharose ion
exchange column.

Conditions were selected under
which DNA and contaminating 
proteins bound to the DEAE column,
while p55 flowed through and bound
to the CM resin. P55 was eluted from
the CM column with a linear salt gra-
dient and fractions were collected
(Figure 9). Fractions containing puri-
fied p55 were pooled and ammonium
sulfate was added. This sample was

then applied to a Phenyl Sepharose
hydrophobic interaction column. The
remaining contaminating proteins
flowed through this column, or eluted
with a lower salt wash step. P55 was
then eluted with a low salt buffer
(Figure 10), and fractions containing
p55 were pooled.

To allow p55 to slowly refold and
reassemble into particles, we used a
two-step dialysis procedure. Purified
p55 was first dialyzed against a Tris
buffer containing NaCl, sucrose,
arginine, EDTA, and ß-mer
captoethanol, and then against TBS

plus arginine. Inclusion of arginine in
the dialysis buffers was necessary to
minimize p55 precipitation.

The final product was analyzed by
densitometry of Coomassie-stained
SDS-PAGE (Figure 11) and was found
to have a purity greater than 95%. The
level of contaminating baculovirus
DNA was found to be < 25pg/ml, and
the endotoxin level was < 0.5 EU/ml.
Electron microscopic analysis of this
material revealed particles with a size
ranging from approximately 10nm to
50nm (Figure 11).

Discussion

We constructed a recombinant bac-
ulovirus transfer plasmid for expression
of HIV-1 p55 (HTLV III/LAV isolate).
Sequence analysis confirmed that the
DNA sequence of the repaired p55 cod-
ing region in the selected baculovirus
transfer plasmid matched the original
BH10 DNA sequence exactly. Southern
blot analysis demonstrated that the p55
gene was inserted at the correct position
in the baculovirus vector.

Insect cells were co-transfected with
the p55 transfer plasmid (pAcB7345),
and with modified Autographa califor-
nica nuclear polyhedrosis baculovirus
(AcNPV) genomic DNA. The co-trans-
fected cell supernatants were subjected
to plaque-assay, and the resultant isolat-
ed plaques, containing recombinant
baculoviruses, were analyzed for expres-
sion of recombinant p55. Sucrose densi-
ty gradient centrifugation and electron
microscopy demonstrated that the
recombinant p55 formed VLPs similar
in size and shape to native HIV-1 
precursor virions.

Culture optimization experiments
indicated that infection of SF+ cells, at
a density of 1.5 x 106 cells/ml, with an
MOI of 1.0, and harvest time of 96 hpi,
was optimal for production of this
recombinant protein. By selecting 
optimum cell culture conditions, we
were able to improve yields approxi-
mately three-fold, thus exceeding 150
mg/L. The process was scaleable and
ultimately executable at the 500L scale.
A process for the purification of
recombinant p55 was developed,
which consists of selective precipita-
tion, solubilization, ion exchange
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Figure 10. P55 is purified by
hydrophobic interaction
chromatography. Pooled
CM column fractions con-
taining p55 were applied to
a Phenyl Sepharose col-
umn and eluted with low
salt. Samples were ana-
lyzed by SDS-PAGE (top)
and Western blot (bottom).
Arrows indicate the position
of the p55.

Figure 11. Purified p55 forms particles. Purified p55 was analyzed by SDS-PAGE and Western
blot (A), and by electron microscopy (B). The white bar corresponds to a length of 100nm. 



chromatography, hydrophobic inter-
action chromatography, and refolding 
dialysis steps.

Using quantitative Western blotting,
recoveries from each process step were
determined to be: 65% (calcium 
precipitation), 40% (ion exchange 
chromatography), 95% (hydrophobic
interaction chromatography), and 65%
(dialysis), to give an overall recovery 
of 15% - 20%. Further process 
optimization would focus on the lower
yielding steps (calcium precipitation
and ion exchange chromatography).

This purification process allowed us
to produce large quantities of p55 with
purity >95%, as determined by 
densitometry of SDS PAGE and
Western blot. The level of contaminat-
ing baculovirus DNA was <25pg/ml
and the endotoxin level was <0.5
EU/ml. Electron microscopy showed
that the refolded p55 formed particles,
although the particles differed in size
and morphology from the VLPs in the
crude culture supernatant. P55 
vaccine, with various adjuvants, is
undergoing testing in animals.
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