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tein will be soluble. In addition, the virus will re-
duce the host protein expression after about 12 h so
that the desired protein is expressed in high concen-
tration. The availability of commercial kits also ac-
counts for the increased use of the baculoviral sys-
tem. Several excellent reference books and articles
are available, some of which are given in the refer-
ence list.

In this paper, the Avanti® J-30I high perfor-
mance centrifuge with JS-24.38 and JS-2S.15 rotors
has been used to separate and purify AcNPV, which
was propagated in the Sf9 cell line. PCR* was used
to identify the AcNPV DNA.

Materials
Following is a list of materials and equipment used,
along with their suppliers. Sf9 cells (ATCC
Rockville, MD, and Invitrogen, San Diego, CA);
AcNPV (ATCC and Invitrogen); PCR primers for
AcNPV (Invitrogen); PCR reagents (Perkin Elmer,
Foster City, CA); thermal cycler and Chill-out liquid
wax (MJ Research, Watertown, MA) Grace’s Insect
Media, SPF900 II Media, fetal bovine serum,
Trypan Blue and other miscellaneous cell culture
materials (Life Technologies, Grand Island, NY);

Baculoviruses are rod-shaped viruses that infect
arthropods, primarily insects; they do not infect ver-
tebrates. The baculovirus expression system is in-
creasing in popularity as a recombinant protein ex-
pression system because the viral protein coding se-
quences are expressed using the translation and tran-
scription machinery of its host, a eukaryotic cell.
This results in many post-translational modifications
that do not occur in prokaryotic cells. The virus can
be grown in either cultured insect cells or infected
insect larvae. In the late phases of the infectious
cycle, over 50% of the protein expressed is the
polyhedrin coat protein. The gene of interest is usu-
ally inserted after the polh promoter, which controls
polyhedrin expression.

Autographa californica nuclear polyhedrosis
virus, AcNPV, is the most commonly used
baculovirus. It has many advantages as an expres-
sion system when cultured in cells of an arthropod
host, such as Spodoptera frugiperda. The AcNPV
vector allows the expressed protein to have proper
folding, O- and N-glycosylation, disulfide forma-
tion, oligomerization, signal cleavage, proteolytic
cleavage, attachment of lipids and other posttransla-
tional modifications. The engineered, expressed pro-
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tissue culture flasks and dishes (Falcon, Lincoln
Park, NJ); conical centrifuge tubes, 15-mL conical
plug seal caps (Corning, Corning, NY); spinner
flasks (Wheaten, Millville, NJ, Corning, and Bellco,
Vineland, NJ); spinner flask stirrer (Wheaton); gra-
dient former and minigel system (Hoefer Scientific
Products, San Francisco, CA); Avanti J-30I centri-
fuge, JS-24.38 and JS-24.15 rotors, centrifuge tubes,
DU®-7 spectrophotometer, and GeneLine power
supply (Beckman Instruments, Inc., Fullerton, CA).

Methods

Cell Culture

Sf9 cells (a cell line derived from Spodoptera
frugiperda pupal ovarian tissue) were thawed at
37°C and pipetted into 25-cm2 tissue culture flasks.
Four mL of Grace’s Insect Media supplemented
with yeastolate, lactalbumin hydrosylate, and
L-glutamine and containing 10% v/v heat-inacti-
vated FBS, were added, and the flasks were incu-
bated at 27°C. Fetal bovine serum (FBS) was heat-
inactivated by incubating at 56°C for 45 min. After
2-3 h, the medium was removed and replaced with
4 mL of Grace’s Insect Media supplemented with
yeastolate, lactalbumin hydrosylate, and
L-glutamine, with 10% v/v FBS added. Cells were
either fed or passaged after a maximum of 4 days.
The cells were grown to 80-90% confluence in the
25-cm2 tissue culture flasks. After two passages in
the above medium, the cells were split into two
groups. One group continued to be passaged in the
Grace’s-based medium. This set of cells was used to
grow the AcNPV viral cultures. The other set of
cells was gradually converted to serum free medium
(SFM) by serial dilution.

Cells were passaged by taking about 106 cells,
approximately 1/8 of the medium containing sus-
pended cells, from a previous culture, adding it to a
fresh 25-cm2 slant-necked tissue culture flask, and
then adding 7 vol of fresh medium. For some of the
passages, 1/4 vol was transferred, and the recipient
flask was filled with 3 vol of fresh medium. The to-
tal volume in either case was 4 mL. The flask was
gently rocked to mix the cells. Typically, there were
8 × 106 to 2 × 107 cells per flask before passage.
Cell viability was usually > 98%, as measured by
Trypan Blue exclusion. Since the doubling time for
this cell line is 18 to 24 h, cells were passaged an
average of every 3-5 days. If the cells were not pas-
saged after 4 days, they were re-fed.

The cells to be incubated in spinner flasks were
weaned off the medium containing FBS. Cells were

passaged 3 to 5 times, gently lowering the concen-
tration of Grace’s-based medium with FBS and in-
creasing the concentration of SPF900 II, the SFM
used for this study, until the cells were growing in
100% SFM. It was also found that allowing a flask
to grow to near confluence in Grace’s-based me-
dium and then feeding with SFM could decrease the
time required to transition the cells to SFM.

Spinner flasks were inoculated with 1-2 × 107

Sf9 cells, 100-200 mL of SFM, depending on the
size of the flask, and antibiotic/antimycotic was
added.

Virus Culture

Tissue culture flasks that were approximately
50-60% confluent with Sf9 cells were fed with
0.5 mL of fresh Grace’s-based medium. AcNPV
at a multiplicity of infection (MOI) of approxi-
mately 0.1 was added, followed by another 0.5 mL
of media. The culture was incubated for 2 h. Three
mL of medium were then added to each flask. The
flask was then incubated for 5 days. Viral plaque
forming units (PFU) were determined by plaque as-
say using 100-mm dishes.

A 100- to 250-mL spinner flask culture (depend-
ing on the size of the spinner flask used) was pre-
pared and grown until the cells reached a density of
1 × 106 cells/mL, as measured by a hemacytometer.
Passage-two virus was added at 1× 107 PFU/mL of
virus, MOI of 0.1. The infected cells were incubated
3-4 days at 27°C.

Virus Purification

The virus-containing supernatant from the above in-
cubation medium was processed as follows. Thirty-
three mL of cell culture medium were placed in a
38-mL polyallomer tube. This solution was under-
layered with 3 mL of 25% w/w sucrose in 5 mM
NaCl, 10 mM EDTA. The JS-24.38 rotor was centri-
fuged at 24,000 rpm (104,000 × g) for 75 min at
4°C. All centrifugation steps used the “Slow” accel-
eration and deceleration options of the Avanti J-30I
to minimize gradient disruption and damage to cel-
lular material.

The supernatant was decanted, and the remain-
ing traces of sucrose were removed by aspiration.
The viral pellet was resuspended in 2 mL of phos-
phate-buffered saline (PBS).

A 13-mL linear gradient of 25-60% wt/wt su-
crose in PBS was poured into a JS-24.15
polyallomer tube. The virus suspension was then
placed on the top of the gradient and centrifuged for
4 h at 24,000 rpm (110,000 × g), 4°C. The virus
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formed a whitish band at 47-49% sucrose. This band
was collected by piercing the side of the tube with
an 18-gauge needle, collecting in as small a volume
as possible.

The AcNPV band was removed from the su-
crose gradient and mixed with PBS in a 15-mL
polyallomer tube. The tube was centrifuged at
24,000 rpm, 4°C, in a JS-24.15 rotor for 75 min.
The resulting pellet was resuspended in 1 mL of
10 mM Tris, 10 mM EDTA, 0.25% SDS, pH 7.6
(TES), and 1 mg/mL (final concentration) protein-
ase K was added. This was allowed to incubate at
37°C for 4 h, until the solution cleared. The result-
ing solution was transferred into microcentrifuge
tubes. All further pipetting was done with various
sizes of Gilson Pipetman with approximately 3 mm
cut from the ends of the disposable tips to avoid
shearing the DNA.

DNA Separation

Equal volumes of buffer-saturated phenol were
added to the digested viral solution. The solution
was mixed by gentle inversion until cloudy and then
centrifuged at 12,000 rpm for 5 min in the fixed
angle rotor in a Beckman Microfuge 11 in a cold
room, 4°C. The top aqueous layer was removed and
set aside. The bottom phenol layer was re-extracted
with a 1/2 vol of 10 mM Tris, 1 mM EDTA, pH 7.8
(TE). The top aqueous layer was added to the first
phenol extraction of the digested virus.

The combined aqueous fractions were mixed by
inversion with equal volumes of phenol:chloro-
form:isoamyl alcohol, 25:24:1. This mixture was
then centrifuged at 12,000 rpm in the Microfuge 11
for 3 min. The top, aqueous layer was removed to a
separate microcentrifuge tube and gently mixed with
an equal volume of cholorform:isoamyl alcohol
24:1. After 1 min at 12,000 rpm in the micro-
centrifuge, the upper aqueous layer was removed to
a separate microcentrifuge tube.

Two volumes of ice-cold 95% ethanol were
added to this extracted material. After 5 min on ice,
the sample was centrifuged in the Microfuge 11 in
the cold room. The liquid was carefully pipetted off.
The resulting pellet was washed with ice-cold 70%
ethanol and allowed to air dry.

While this pellet could be successfully used for
the PCR verification of the viral DNA, there was
considerable low MW material as seen by gel elec-
trophoresis. This was most likely sheared, viral
DNA. To remove this material, the higher MW
DNA was isolated by CsCl equilibrium density gra-
dient centrifugation. The DNA in the micro-

centrifuge tube was dissolved in 1 mL of TE. To this
was added 1 g of CsCl. After mixing, 50 µL of
10 mg/mL ethidium bromide were added. This was
mixed and placed in a 1.2-mL QuickSeal® poly-
allomer tube for the TLN-120 rotor. The TLN-120
rotor was centrifuged at 120,000 rpm in an Optima™

TLX-120 ultracentrifuge for 1.5 h. In most of the
tubes, the DNA band was too faint to be seen. In
this case, an air vent was made in the top of the cen-
trifuge tube with an 18-gauge needle. Then the
middle third of the tube contents was removed to a
microcentrifuge tube by allowing the tube contents
to drip out of an 18-gauge needle piercing the ultra-
centrifuge tube wall.

The ethidium bromide was removed by extrac-
tion with isopropyl alcohol saturated with CsCl and
H2O, until the upper isopropyl layer was clear. Two
volumes of ice-cold 95% ethanol were added to the
DNA-containing bottom layer. Five minutes after
gentle mixing, the DNA was pelleted by centrifug-
ing for 10 min in the Microfuge 11 in the cold room.
The liquid was removed by careful pipetting, and
the DNA pellet was washed with 70% ethanol. The
liquid was removed, and the pellet was allowed to
air dry.

After the pellet was dry, the DNA was dis-
solved in 50 µL of sterile deionized H2O (Millipore
MilliQ system). The concentration of DNA was
measured at OD260 using a Beckman DU-7 spectro-
photometer and Micro Cell.

PCR Conditions

Reaction Mixture. Taq polymerase: 2 units per 50-
µL reaction volume. dNTP’s: 200 µM each. Forward
and reverse recombinant primers: 100 ng per reac-
tion volume. Template: 1 to 5 ng DNA. Magnesium:
1.5 to 3.5 mM, 2.0 mM was optimum, higher con-
centrations led to nonspecific reactions as evidenced
by a “smear” in the lane, 1.5 mM had a lower PCR
product yield. 1:10 dilution of Buffer II (final con-
centration: 50 mM KCl, 10 mM Tris, pH 8.3). Ster-
ile, deionized H2O was added to make a total reac-
tion volume of 50 µL. The reaction was topped with
30 µL of Chill-out liquid wax.

Thermal Cycler Program
Step 1: 94°C for 2 min.

Step 2: 94°C for 1 min.

Step 3: 55°C for 2 min.

Step 4: 72°C for 3 min.

Step 5: Go to Step 2 for a total of 30 cycles.

Step 6: 72°C for 7 min.

Step 7: Hold at 4°C.



Electrophoresis

A 1% agarose (Beckman LE agarose) in
89 mM Tris, 89 mM borate, 2 mM EDTA,
pH 8.0 (TBE), gel was loaded with the de-
sired sample mixed with an equal volume of
loading buffer, 40% sucrose, 0.25% bromo-
phenol blue. The gels were run using TBE in
a Hoefer Scientific Products minigel system
using a Beckman GeneLine power supply.

Results and Discussion
Banding of the virus in sucrose is shown in
Figure 1. Upon gel electrophoresis, the
CsCl-isolated DNA showed less or none of
the lane smearing that was seen with the phe-
nol-extracted material (Figure 2). It should be
emphasized that both the phenol-extracted
and the CsCl-isolated DNA yielded PCR
bands that were quite visible. However, the
phenol-extracted DNA lanes had substantial
smearing. The low MW smear was quite
bright. While less intense, the high MW
DNA smear was also clearly visible in sev-
eral samples. When the DNA concentration
on the gel was high enough to see the 128-kb
AcNPV band, the higher MW DNA smear
was visible in all samples. This high MW
DNA extended to the lower MW ranges in
the gel from the 128-kb band. There was no
apparent larger MW DNA, indicative of cel-
lular DNA.

PCR was used to verify the presence of
AcNPV DNA. By extrapolation, the AcNPV
DNA demonstrated the separation of the
AcNPV virus using the JS-24.38 and JS-24.15
rotors. (These rotors use the same rotor head,
with the 38- and 15-mL bucket sets being in-
terchangeable. A full set of either size buck-
ets should be used at one time.) All extracted
AcNPV samples had the 839-kb band indica-
tive of the wild type AcNPV. Thus, the JS-24
rotors can be used to successfully separate
the AcNPV virus from other cellular mate-
rial. Some smaller viruses may require more
g-force than available with the JS-24 rotors
(104,000 × g for the 38-mL buckets and
110,000 × g for the 15-mL buckets). In this
case, the forces generated by ultracentrifuges
should be considered.

Figure 1. Sucrose density gradient separation
of AcNPV in the JS-24.25 rotor. The whitish
viral band can be seen near the bottom of the
tube.

Figure 2. Characterization of AcNPV DNA on
1% agarose gel. Lane 1: phenol-purified
AcNPV DNA; Lane 2: bacteriophage (φX174
RF DNA, HaeIII digest; Lane 3: PCR-amplified
band of phenol-purified AcNPV DNA; Lane 4:
PCR-amplified band from CsCl-purified
AcNPV DNA; Lane 5: PCR-amplified band of
wild-type control baculovirus DNA.

   1            2          3          4           5

4



Typically, the next step in using the
baculovirus expression system is to insert the
desired DNA after the polyhedrin promoter
via homologous recombination using a trans-
fer vector. The resulting transformed virus is
identified by plaque assay. The viral particles,
DNA and Sf9 cells can be separated as de-
scribed above. Since, during the late viral in-
fection phase, up to 50% of the protein ex-
pressed is the polyhedrin protein, the yield of
the desired protein can be quite high.

In this study the centrifugal steps of the
viral and cellular separation procedures have
been verified. PCR was used to determine that
viral DNA and thus the baculovirus was iso-
lated as desired. The Avanti J-30I was found
to perform well for this separation and should
prove to be a useful tool for this type of viral
isolation. The Avanti J-30I centrifuge and JS-
24 rotors allowed an easy purification of this
virus.
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*  PCR is covered by U.S. patents owned by Hoffmann-La Roche, Inc.

All trademarks are the property of their respective owners.
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