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S
erine-threonine kinases of the
Mitogen Activated Protein
Kinase (MAPK) pathway 
represent potential drug 
targets for a wide range of

diseases. As part of an effort to under-
stand the biology of the pathways, sev-
eral human serine-threonine MAPKs
were produced. Optimization and mod-
ification of current methodologies used
in the baculovirus expression system
resulted in the generation of large
amounts of active MAPKs.

Compounds found to inhibit the
MAPKs in-vitro, subsequently showed
activity in cell-based assays and animal
models. The processes to be discussed
were developed to yield large 
quantities of three active human serine-
threonine MAPKs by the baculovirus
expression system.

Introduction

The serine-threonine kinases of the
MAPK pathway represent potential

drug targets for a wide variety of
diseases.1,2 The challenges for screening
these drug targets are similar to those
presented by any such target in that each
must be produced in a large enough
quantity to accommodate the screening
of large compound libraries, plus satisfy
the requirements of other drug 
discovery tools (e.g. Biacore). The target
must be sufficiently active so that low
concentrations can be used in screening
and result in more accurate structure
activity relationships (SAR). Using large
amounts of a lower activity target can
result in inaccurate parameters in 
compound screening assays, and there-
by cause confounding results for SAR.

During the course of producing 
several human serine-threonine 
MAPKs, optimization techniques were 
developed for the baculovirus expres-
sion system that resulted in the produc-
tion of large amounts of active targets.
In-vivo, it was discovered that the health
of the SF-9 cells had a profound effect
on the amount of protein that was
expressed. In addition, osmotic shock
was found to activate human 
serine-threonine MAPKs produced in
SF-9 cells.

In-vitro, it was discovered that the
lysate from non-infected, osmotically
shocked SF-9 cells, as well as upstream
kinases, could further activate these
human serine-threonine MAPKs. The
techniques described in this article,
which stem from a presentation, are
modifications of current procedures

used in the baculovirus protein 
expression system, and can thus be 
easily adopted by any lab using this 
protein expression system.

Materials and Methods

Cell Culture and Virus Propagation
Cells, media, and the Bac-to-Bac®,

Baculovirus Expression System, were
purchased from Invitrogen Corp. The
full-length genes for all three MAPKs
were cloned into pFASTBac HT vectors
and transposed into recombinant 
baculovirus using the Bac-to-Bac
Baculovirus Expression System. All
three serine-threonine MAPKs had
polyhistidine (His) tags on the N-
terminal of the kinase. This site was
pre-determined to be the most advan-
tageous for the tag, since kinase-sub-
strate interaction occurred near the 
C-terminal region.

Cells were planted between
0.5X106/ml and 2X106/ml in a shaker
flask, and then cultured at 27°C in a 
designated room with 140-RPM agita-
tion. The cell count doubled every 18-
24 hours and attained a viability in
excess of 98%. For large-scale prepara-
tions, cells were cultured in 1.5L of
media contained in 4L autoclaved flasks
with aluminum foil covers. The cells
were discarded and replaced with newly
cultured cells every 4 weeks.

Protein Expression and Purification:
MAPK 1, MAPK 2, and MAPK 3 are

serine-threonine kinases between 30 and

CONFERENCE EXCLUSIVE

Large-Scale Production of Active Serine-
Threonine Kinases of the MAPK Pathway
Using the Baculovirus System

BY STEVEN L. NGUYEN
AND WAI-PING FUNG-
LEUNG

Steven L. Nguyen is associate scientist, snguyen3@prdus.jnj.com, and corresponding author Wai-Ping Fung-Leung, Ph.D., is
research group leader, Johnson and Johnson Pharmaceutical Research and Development, San Diego, CA 92121, wleung@prdus.jnj.com.

Portions of this article were presented 
at the WilBio-2002 Conference on
Baculovirus and Insect Cell Culture.



50 kiloDaltons in size. For large-
scale preparations, 1.5 L of cell culture
medium (2X106 cells/ml) was infected
with a secondary amplification virus
(multiplicity of infection, MOI, of 10) for
48 hours at 27°C. A total of 15L of infect-
ed cells were used for each large-scale
preparation. After infection, each 1.5L
culture was spun down at 1800 rpm for 5 

minutes, and the cells were collected into
a 50 ml polypropylene centrifuge tube.

For cells that were activated by
osmotic shock, the tubes were 
incubated for 30 min at room temper-
ature, after the addition of 20 ml of
media containing 500mM sorbitol.
After osmotic shock, the sorbitol solu-
tion was removed and 20 ml of cold

(4°C) lysate buffer [20 mM HEPES
(pH 7.6)/15 mM NaCl/20 mM imida-
zole/1 mM sodium orthovanadate/1
mM sodium fluoride/ protease
inhibitors (Complete cocktail, Roche)/
1% glycerol] was added to the cell pellet.

The cells were lysed using a sonicator
(Heat Systems-Ultrasonic, Inc., W-375)
at maximum output with 2 pulses of 10
seconds each. Cell debris was spun down
at 3000 RPM for 5 minutes and the lysate
from 2 cell pellets was collected into a
new 50 ml polypropylene centrifuge tube.

MAPK 1 was purified using both
batch and column purification, although
batch purification was found to be supe-
rior for purity and yield. Since batch
purification is a simpler process, it was
used to purify MAPK 2 and MAPK 3. Ni-
NTA resin (Qiagen, 0.5 ml of resin-wash
buffer slurry) was added to each tube,
which was then rotated in a 4°C cold-
room for one-half hour. The resin, con-
taining bound protein, was spun down at
1800 rpm for 5 min, then the resin batch-
es were combined and washed 3 times
with 40 ml of cold (4°C) wash buffer [20
mM HEPES (pH 7.6)/150 mM NaCl/20
mM imidazole/1% glycerol]. The pro-
teins were eluted with 3 x 10 ml of elution
buffer [20 mM HEPES (pH 7.6) / 150
mM NaCl / 200 mM imidazole / 10% 
glycerol]. All 3 MAPKs had similar yields
of 1 mg/L of culture.

In-vitro Activation
For MAPK 1 and MAPK 3, the 

proteins (total 5 ml of resin-wash buffer
slurry binding 15 mg of protein) were
further activated before elution by adding
100 ml of lysate to the resin batch from
uninfected, osmotically shocked SF-9
cells. The lysate was added with ATP (500
µM final) to the resin batch and then
incubated at 37°C for one-half hour.
The protein was washed and eluted 
as previously stated. The amount of cells
necessary to produce the lysate for 
protein activation was found to be one-
half the amount of cells used to produce
the protein.

For all three MAPKs, a 15L culture
of infected cells produced 15 mg of
protein that could be further activated
with 7.5L of uninfected, osmotically
shocked SF-9 cells at a density of
2X106 cells/ml.
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Figure 1.  The effect of the health of SF-9 cells on production of MAPK 1.  On a 10-20%
tris-glycine gel, 15µl of purified protein from 4 differenct protein preparations were run.
Lanes 1-4 show the amount and purity of eluted MAPK 1 from each preparation.  Lanes 1-
3 show 3 different protein preparations from SF-9 cells that had been cultured for over 4
weeks and had been allowed to reach concentrations of 3-4X106/ml.  Lane 4 shows pro-
tein made in SF-9 cells that had been cultured for under 4 weeks and reached a maximum
concentration of 2X106/ml.

Figure 2.  Osmotic shock can increase the activity of MAPK 1.  On a 10-20% tris-glycine gel,
20µl of a radioactive ([y-32P]ATP) reaction mixture containing the same amount of purified
protein from 3 different protein preparations were run, and then the gel was blotted and
exposed on film.  The amount of phosphorylated substrate observed reflects the activity of
MAPK 1.  Lane 1 is the purified protein from a control preparation of uninfected SF-9 cells.
Lane 2 is the purified protein from infected SF-9 cells.  Lane 3 is the purified protein from
infected SF-9 cells that had been subject to osmotic shock.
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For MAPK 2, the protein (total 5 ml
of resin-wash buffer slurry binding 15
mg of protein) was further activated
before elution by adding 3 mg of
MAPK 3 (a known upstream kinase of
MAPK 2) in 40 ml of kinase buffer [50
mM HEPES (pH 7.6)/10 mM NaCl/10
mM MgCl2] with ATP (500 µM final).
Following incubation at 37°C for one-

half hour, the protein was washed and
eluted as previously stated.

Radioactive Gel Assays
Recombinant MAPKs (500 nM)

were incubated in 20 µl of kinase
buffer [50 mM HEPES (pH 7.6)/10
mM NaCl/10 mM MgCl2 / 25 µM
ATP] with 5 µCi [g-32P]ATP and 

1 µM substrate for 30 min at 37°C.
The reaction mixture was stopped by
adding 10 µl of SDS sample buffer and
boiling for 5 minutes. The samples
were run on pre-cast 10-20% 
Tris-glycine Novex gels (Invitrogen)
for 2 hours at 125 V. The gel was 
then dried and exposed to film for 
15 minutes.

Results and Discussion

The health of the SF-9 cells is critical
for protein production: For protein
production, it is well known that the
health of the SF-9 cells is critical.
However, it may not be obvious that
SF-9 cells can appear healthy and 
readily divide, yet may not be optimal
in terms of their ability to produce
recombinant protein. Based not only
on the production of MAPKs in our
lab, but on proteins produced in other
labs (data not included), it is apparent
that the ability of SF-9 cells to produce
recombinant protein rapidly declines
when their concentration increases
above 2X106 cells/ml and the culture
duration extends beyond 4 weeks.

By establishing “fresh” cell cultures
every 4 weeks and not allowing the
cells to grow beyond a density of
2X106 cells/ml, high yields of MAPKs
were achieved. Figure 1 dramatically
shows the importance of the cell 
culture health in the production 
of MAPK 1. Using optimal cell culture
techniques established from the 
production of MAPK 1, the yields 
for all three MAPKs were 1 mg per liter
of culture.

SF-9 cells producing human serine-
threonine MAPKs can be stimulated to
further activate the MAPKs: The
MAPK pathways are known to be 
conserved in insect cells.3 Since the
pathways can be induced by different
stimuli, the SF-9 cells expressing the
recombinant MAPK 1 were tested to
determine if they would respond by 
producing a more active kinase. UV
light, plus heat and cold shock were 
evaluated with varying responses in the
activation of MAPK 1 (data not shown).
Osmotic shock with 500 mM sorbitol
was determined to have the greatest
impact on the activation of MAPK 1. At

Figure 4.  In-vitro activiation with an upstream kinase can increase the activity of MAPK 2.  On
a 10-20% tris-glycine gel, 20µl of a radioactive ([y-32]ATP) reaction mixture containing the
same amount of purified protein from 3 different protein preparations were run, the gel blotted
and exposed on film.  The amount of phosphorylated substrate observed reflects the activity
of MAPK 2.  Lane 1 is the purified protein from a large scale preparation of SF-9 cells that had
been osmotically shocked.  Lane 2 is the purified protein from a large-scale preparation of 
SF-9 cells that had been osmotically shocked and further activated in-vitro with the lysate of
uninfected, osmotically shocked SF-9 cells.  Lane 3 is the purified protein from a large-scale
preparation of SF-9 cells that has been further activated in-vitro with MAPK 3.

Figure 3.  In-vitro activation using the lysate from uninfected, osmotically shocked SF-9 cells
can increase the activity of MAPK 1.  On a 10-20% tris-glycine gel, 20µl of a radioactive
([y-32P]ATP) reaction mixture containing the same amount of purified protein from 4 different
protein preparations were run, the gel blotted and exposed on film.  The amount of phospho-
rylated substrate observed reflects the activity of MAPK 1.  Lane 1 is the eluted protein from
a small-scale preparation of SF-9 cells that had been osmotically shocked.  Lanes 2 and 3 are
the eluted proteins from large-scale preparations of SF-9 cells that had been osmotically
shocked.  Lane 4 is the eluted protein from a large-scale preparation of SF-9 cells that had
been osmotically shocked and further activated in-vitro with the supernatant of uninfected,
osmotically shocked SF-9 cells.
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small scale (200 ml of cells), it was 
determined that the optimal MAPK 1
activation was achieved with a 30
minute osmotic shock, at room temper-
ature, with 500 mM sorbitol (Figure 2).

In-vitro activation of MAPKs using
the lysate of uninfected, osmotically
shocked SF-9 cells provides a simple and
inexpensive technique for activating
less active kinases of MAPKs: After
optimization on the small-scale 
preparation, a large-scale preparation
was attempted. However, the large-scale
preparation of protein had practically
no activity, and despite further rigorous
experiments, a large-scale preparation
of active MAPK 1 seemed impossible. It
is believed that the extra time involved
in the large-scale preparation may have
allowed phosphatases to inactivate the
MAPK 1, even though phosphatase
inhibitors were used.

Finally, in-vitro activation with the
lysate of uninfected SF-9 cells (Figure
3) was used to produce large-amounts
of MAPK 1 that had identical activity
to the level achieved with the small-
scale preparation (5 nM in ELISA
assay, data not shown). MAPK 3 was
prepared in a similar manner and was
also highly active (20 nM in ELISA
assay, data not shown).

This method took advantage of the
fact that the MAPKs were immobilized
on the nickel resin during purification.
Since contamination from cell lysate
was a strong possibility, similar experi-
ments were performed with different 
recombinant proteins, both His-tagged
and non-tagged, and the eluted product
was found to have negligible activity
(data not shown). It should be noted

that in-vitro activation using the lysate
of uninfected, osmotically shocked 
SF-9 cells not only helped restore the
activity for large-scale preparations of
MAPK 1, but was the only method that
generated activity for other MAPKs
(data not shown).

In-vitro activation of MAPKs using
upstream kinases results in the pro-
duction of extremely active MAPKs:
MAPK 2 had good activity when 
prepared with the lysate of uninfected,
osmotically shocked SF-9 cells (20 nM
in ELISA assay, data not shown). Since
MAPK 3 had been prepared and was a
known upstream kinase of MAPK 2, it
was tested to see if it could be used for
in-vitro activation purposes. After 
activation with MAPK 3, it was shown
that MAPK 2 had strong activity
(Figure 4). Due to this strong activity
(0.05 nM in ELISA assay, data not
shown), a single 1.5 L preparation
would provide more than the amount
needed for all of the desired drug tar-
get screening purposes.

Conclusion 

Large-scale production of active 
proteins remains a difficult challenge.
Using simple and low cost techniques,
we were able to generate large amounts
of several human serine-threonine
MAPKs that exhibited good activity.

From our experiments, we have
been able to conclude the following: 1) 
In-vivo, the MAPK pathway appears to
be conserved in SF-9 cells, and SF-9
cells producing human serine-threo-
nine MAPKs can be stimulated to fur-
ther activate kinases in this pathway. 2) 
In-vitro, the lysate of uninfected,

osmotically shocked SF-9 cells can 
be used to further activate human 
serine-threonine MAPKs, and an
upstream kinase can activate a 
target kinase.

For two of the MAPKs screened,
compounds found to inhibit the
MAPKs, in-vitro, subsequently showed
activity in cell-based assays and animal
models. Thus, this research confirms
that the baculovirus expression system
remains a powerful tool for produc-
tion of recombinant proteins that are 
identical to the natural protein. The
purpose of this article, and the presen-
tation from which it stems, is to 
provide another avenue for large-scale 
production of active proteins.
Through these experiments on human
serine-threonine MAPKs, it is feasible
to assume that similar conclusions
could be reached for proteins in 
different pathways.
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