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ABSTRACT:

Heterologous expression using baculovirus vectors has become a
popular method for the production of catalytically active cyto-
chrome P450s (CYPs). We have systematically optimized the mul-
tiplicity of infection (MOI) for a coinfection approach for the coex-
pression of CYP2A6 (viral vector designated v2A6) and NADPH-
P450 oxidoreductase (OR; viral vector designated vOR) using Sf9
insect cells. A 3000-fold range of MOI was examined in stationary
culture and stirred suspension culture. Surprisingly, our results
indicate that the best CYP2A6 catalytic activity (850-1300 pmol/
min/mg total lysate protein as measured by coumarin 7-hydroxy-
lase activity) was obtained only when using a low MOI of v2A6
(1.5-3 x 1072) and a vOR of 10- to 20-fold less. This activity was

ranged from 180 to 250 pmol/mg total lysate protein, and the
NADPH cytochrome c reductase activity ranged from 350 to 520
nmol/min/mg total lysate protein. Increasing the MOI of both vi-
ruses to 50-fold higher resulted in lower overall activity with the
optimum (250 pmol/min/mg total lysate protein) being seen earlier
postinfection (60 vs. 72 hr). Increasing the MOI of vOR to levels
comparable with those of v2A6, decreased coumarin 7-hydroxy-
lase activity 14-fold. These results suggest that the best CYP2A6
catalytic activity depends on properly posttranslationally modified
proteins accumulating in a right ratio as a result of primary, sec-
ondary, and possibly tertiary infection of both viruses. These re-
sults also suggest that high OR expression results in degradation

~T7- to 11-fold higher than the best activity obtained when infecting  of P450.

cells with v2A6 alone. At this level of coinfection, the P450 content

CYPs' are a multienzyme, membrane-bound system that metatlmmntaining CYP or OR (7). Each approach has unique advantages and
lizes many drugs and other xenobiotics (1). The catalytic activity disadvantages. Purification/reconstitution provides flexibility in con-
CYP enzymes requires the presence of NADPH-CYP OR. In additidmolling the CYP to OR ratio, but is time- and labor-intensive because
cytochromeb, stimulates catalytic activity for some CYP forms (2).0f the need for column purifications. The single virus approach is

Several efficient systems for the heterologous expression of mamere time- and labor-efficient (simple cell lysate can be used), but,
malian CYP enzymes have been developed, including bacterial, yeBégause of the small number of promoters characterized for baculo-
and mammalian and baculovirus/insect cell-based systems (reviewits expression, the ability to control the CYP to OR ratio is limited
in ref. 2). Of the systems available, the baculovirus system has distiffet 8). Coinfection has the potential to provide the ability to control
advantages for the production of high levels of active, native CYPYP to OR ratio (by changing MOI for each virus) and also permits
enzyme. Although efficient mammalian CYP expression is possible i€ use of simple cell lysate (7).
bacterial systems, modification of the amino acid sequence is usuallyrne human CYP2AG is the only enzyme known to date responsible
required for high level expression (2). for coumarin 7-hydroxylase activity in human liver (9, 10). CYP2A6

Three distinct approaches have been taken for production of a0 metabolically activates certain carcinogens and promutagens (for
lytically active CYP enzymes using baculovirus system. Expression'§View, see refs. 1, 9, and 10). It has the highest activity for activa-
the CYP enzyme alone and then reconstitution with OR using purifid@n of the mutager-nitrosodiethylamine among all human P450s
P450s or total cell lysate (3-5), coexpression of the CYP and died (9, 11). It also activates tobacco-specific nitrosamines 4-

using a single virus (6), and coinfection with independent virusé@€thylnitrosamino)-1-(3-pyridyl)-1-butanone, li-(nethyl-N-nitros-
amino)-1-(3-pyridinyl)-4-butanaln-nitrosonornicotine (12, 13), and

the mycotoxin aflatoxin B1 (14, 15).

In this study, we describe a systematic characterization of a coin-
fection approach using CYP2A6 and human OR. To obtain an overall
phenomena for coexpression of P450 and OR proteins in the baculo-
virus system, we examined a wide range of MOI for both v2A6 and
vOR, with different ratios for coinfection to determine the best ratio
for optimal coumarin 7-hydroxylase catalytic activity in insect cell
lysate.

This study was supported in part by SBIR Contract N43-ES-31001 from the
National Institute of Environmental Health Sciences.

1 Abbreviations used are: CYP, cytochrome P450; OR, NADPH-P450 oxi-
doreductase; P450, cytochrome P450; MOI, multiplicity of infection (the number
of virus used per cell); v2A8, a recombinant baculovirus containing the human
CYP2A6 cDNA; vOR, a recombinant baculovirus containing the human OR cDNA;
Sf9, Spodoptera frugiperda; pfu, plaque-forming units (measurement of infectivity
of a virus); AcMNPV, Autographa californica nuclear polyhedrosis virus.

Send reprint requests to: Dr. Liping Chen, Laboratory of Immunology, Na-
tional Institute of Allergy and Infectious Diseases, the National Institutes of Health,
Building 10, Room 11N311, Bethesda, MD 20892.

Materials and Methods

Rabbit anti-rat 2A1 (16) and rabbit anti-rat OR (17) antibodies were de-
scribed in the previous studies. Recombinant baculoviruses v2A6 and vOR
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Fic. 1. Effect of v2A6/VOR MOI (ratio 10) on coumarin 7-hydroxylase activity.

Cells were coinfected with indicated pfu of v2A6 atid pfu of VOR, and incubated for 72 hr at 27°C. Hemin was added at 24 hr postinfectiopndfn
as described (19). Coumarin-7-hydroxylase activity was assayed as descridateirels and Methods

were also described in earlier studies (7). Briefly, both cDNAs were insert&dPTA, 20% glycerol, and 0.1 mM phenylmethylsulfonyl fluoride] at a ratio of
in the pAc373 vector, and their expressions were controlled by the polyhedrirff0 ml cultured cells to a 1.0 ml of cell lysate buffer, sonicated, and subjected
very late promoterfolh). Sf9 insect cells were purchased from the ATCdO other studies.

(Rockville, MD). Grace’s insect media witb-glutamine, yeastolate, and Coumarin 7-Hydroxylase Activity Assay. For studies using 24-well
lactalbumin supplements, and baculovirus agarose were from Invitrogen ($4€S, coumarin 7-hydroxylase activity was determined by adding 661.0

Diego, CA). Fetal bovine calf serum (heat inactivated) was purchased frdpM coumarin in Grace’s media to each well containing 1 ml of infected cells

Sigma Chemical Company (St. Louis, MO). Nitrocellulose membrane ng hr postinfection; fluorescence was measured after 1 hr incubation at 37°C

obtained from Schieicher & Schuell (Keene, NH). Molecular biological I,el_Jsing a Millipore Cytofluor 2350 with 360 and 460 nm filters and a bandwidth

agents were obtained from New England Biolabs (Beverly, MA), and oth8F 40 nm. The fluorescence signal-to-background ratio was increased by

. . . dding 0.5 ml of 0.1 M Tris (pH 9.0). F i flask infection, dl0of cell
reagents were obtained from Sigma Chemical Company. adeing mo fis (p ). For spinner flask infection, fibf ce

Amplificati t v2A6 and VOR Stock d Virus Titteri About 10 lysate was added to 490l of 0.1 M Tris (pH 7.5) containing 0.4 mM
mpli |cat!on of v and v! .toc s and Virus Tittering. OU_t coumarin, 25ug NADP+, and 0.3 units of glucose 6-phosphate dehydroge-
ml of each virus stock was used to infect 400 ml Sf9 cells at a density>of 2

. ’ ) - nase. The mixture was incubated at 37°C for 15 min. After incubationu100
10° cells/ml in a 1 liter spinner flask. Virus stocks were harvested 7 dayst reaction sample was transferred to 1.9 ml of 0.1 M Tris (pH 9.0) for
postinfection by centrifugation at 2500 rpm for 10 min to remove cells angl,orescence measurement as described (20).
debris. Stocks were tittered by plaque assay. Virus dilutions of 20d 10°° Immunoblot. Total cell lysate proteins or microsomal proteins were elec-
in 0.5 and 1 ml were used to infect? 10° cells in 100 mm plates. Duplicate trophoresed in a sodium dodecyl sulfate-polyacrylamide gel and transferred to
plates were used. Plaques were visualized by Neutral Red Stain 6 daysitrocellulose filter as described (7). The filters were incubated overnight
postinfection as described (18). Briefly, agarose (5%) in distilled water wasth an antibody mixture of 1:500 dilution of rabbit anti-rat 2A1 and 1:500
autoclaved and diluted to 0.5% with heated insect culture medium and cootBllition of rabbit anti-rat OR. The blots were developed using 1:1500 dilution
to 42°C. The stain was added to the 0.5% agarose to a final concentratiorobfioat anti-rabbit IgG conjugated with alkaline phosphatase (Sigma Chemical
50 ug/ml. About 5 ml of 0.5% stained agarose was used to overlay each pld&@mpany) and 5-bromo-4-chloro-3-indolyl phosphate/nitroblue tetrazolium.
Plates were incubated at 27°C overnight. The titer of viral stocks was deter-Other Methods. Cytochromec reductase activity was determined as de-
mined from plates containing 20—110 plaques/plate. scribed (7). Spectrophotometric determination of P450 content was according
Production of Recombinant Proteins. Sf9 cells from the same culture 10 the method of Omura and Sato (21). Protein was determined by the
were used for each set of experiments. In 24-well plates;23° Sf9 cells bicinchoninc acid method (22), with a reagent kit obtained from Sigma
in log phase were seeded into each well in 1 ml of complete insect cult&é’em'cal Company.
medium prepared as described (Invitrogen). Sf9 cells were infected with v2A6 Results
and vOR at the indicated MOI. Hemin at 2 mg/ml (in 50% ethanol and 0.2 M . . .
NaOH) was added 24 hr postinfection to a final concentration pfy#nl as The MOI for v2A6 and VOR were SVStemat'C?'”_y examined using
described (19). Cells were incubated at 27°C for 72 hr. To express enzyméi¥ P2A6-catalyzed coumarin 7-hydroxylase activity as an endpoint.
spinner flasks, log phase Sf9 cells were diluted te 10f cells/ml, and 80 mi  Initial analyses were conducted in 24-well plates viftisitu assay of
of cells were used for each infection in a 100 ml spinner flask (or 200 mlI e enzyme by addition of substrate to the wells and measurement of
cells in 500 ml spinner flask). Cells were infected with the indicated virus(eg)foduct using a fluorescent plate reader. Results were then extended
hemin was added as described. Cells were harvested at the indicated tii@estirred suspension culture.
washed with 1x phosphate-buffered saline, and resuspended in cell lysateDetermination of MOI of v2A6 and vOR for Coinfection. Sf9
buffer [0.1 M sodium phosphate (pH 7.4), 1.0 mM dithiothreitol, 1.0 mMcells were coinfected with v2A6 and vOR at a MOI of 5.0, 1.0, 0.2,
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1600 — One microgram of total cell lysate protein prepared for fig. 2 was subjected
B - P40 EXFRESSED to a sodium dodecyl! sulfate-polyacrylamide gel electrophoresis, transferred to
1400 = OF EXPRESSED nitrocellulose, probed with an antibody mixture of 1:500 dilution of rabbit
00 anti-rat 2A1 and 1:500 dilution of rabbit anti-rat OR, and detected by the
alkaline phosphatase method.
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smaller differences (1.5- to 2-fold) between each combination. The
highest CYP2A6 activity for harvesting cells 72 hr postinfection was
obtained by infection MOI of v2A6 of 4x 10~* with VOR of 4 X

10 2 pfu/cell (data not shown). This ratio, v2A6/VvOR 10/1, was
extended to the spinner flask culture. MOI of v2A6 from f@o 1.0

fl pfu/cell (vOR 10°° to 10~ * pfu/cell) with 3- to 3.3-fold differences
s 2r? sme? 0?1 oo’ between infections were examined. The highest CYP2A6 activity was
obtained with v2A6 infection MOI of 3x 10~2 pfu/cell (vVOR 3 X

102 pfu/cell) (fig. 1). Further studies examining the v2A6 MOI range
from 1 X 1072 to 1 X 10 * with vOR 10-fold less, resulted in the
highest CYP2A6 activity with v2A6 infection MOI of 1.5-% 1072

5— pfu/cell (data not shown).

Coumarin 7-Hydroxylase Activity Was Dramatically Influ-
enced by v2A6/vOR Infection Ratio.Sf9 cells (in stirred suspension
culture) were coinfected with a fixed MOI of v2A6 (X 102
pfu/cell) and different MOI of VOR (0 and X 10 °to 2 X 102
pfu/cell). Coumarin 7-hydroxylase activity in the total cell lysate
protein increased with increasing vVOR MOI fromx2107 5 to 1 X
102 pfu/cell (or 1000- to 20-fold lower than v2A6 MOI, respec-
tively; fig. 2A). A 50-fold increase in VOR resulted in a 5-fold increase
in activity (and 7-fold over cells infected with v2A6 alone). Surpris-
ingly, when the MOI of vOR was further increased 10-fold (fronx 1
1073 to 1 X 1072 pfu/cell, which was 50% of v2A6 MOI), the
12102 Lsx107? 26107 coumarin 7-hydroxylase activity decreased 14-fold to values below

those obtained by infection with v2A6 alone. Immunoblot analysis
VOR ( pfu/cell) (fig. 3) indicated that the OR protein was barely detectable in the cell
lysate that produced the best catalytic activity (vVOR of Apfu/cell);
CYP2A6 total protein levels decreased with the increase of OR
Fic. 2. Effect of v2A6/VOR coinfection ratio on cell lysate for (A) coumarirexpression. The level of CYP2A6 holoenzyme and OR protein was
7-hydroxylase activity, (B) CYP2A6 P450 content and OR catalytic activity|so determined by CO-reduced difference spectra and cytochtome
and (C) enzyme turnover number. reduction, respectively. The spectrally active P450 also decreased

Cells were coinfected with X 102 pfu/cell of v2A6 and the indicated pfu with the increased OR expression level (fid)2whereas the maxi-
of vOR. Hemin was added at 24 hr postinfection. Cells were harvested atfRim enzyme turnover number (4.56 nmol/min/nmol P450) was ob-
hr postinfection. P450 contents were determined as described by Omura g{iled when coinfecting Sf9 cells with VOR at MOI of 2 1072
Sato (21)_, and_ OR ca_1ta|ytic activity was determined by cytochroneeluction pfu/cell (fig. 2C).
as described iMaterials and Methods Low MOI of v2A6 and VOR (V2A6/VOR = 10) Was Important
0.04, 0.008, and 0.0016 pfu/cell at all combinations in 24-well platefar Obtaining High Enzyme Catalytic Activity. The requirement for
The resulting MOI ranges of v2A6 and vOR determined from cow low MOI (substantially<1 pfu/cell) was surprising, and the depen-
marin 7-hydroxylase activity were subjected to further studies withence of activity on MOl was examined further. Increasing the MOI
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Fic. 4. Time course of the effect of v2A6/VOR MOI (ratio 10) on coumarin 7-hydroxylase activity.

Cells were coinfected with indicated v2A6 and 10-fold less of vOR, and harvested at the indicated time. Hemin was added. Coumarin-7-hydroxylase activit
was determined as described in the legend to fig. 1.

of both v2A6 and vOR 5- to 50-fold did not improve maximum Discussion

catglytic activity, but shifted _the appearance .Of mgxima}l catalytic | this study, we took advantage of the coumarin 7-hydroxylase

activity from 72 hr postinfection to 60 hr postinfection (fig. 4). Inactivity assay (20), which can be performed in 24-well plates by

contrast to the catalytic activity changes, which was decreased {Qorescent scanning, to determine the best infection MOI and ratio of

infection with v2A6 at 2X 102, or no change in activity with v2A6 v2A6 and VOR for coinfection. The best MOI, as determined by

at 1 X 10 * pfu/cell, both with VOR 10-fold less from 72 to 96 hrcoumarin 7-hydroxylase activity, for coinfection in spinner flask, was

postinfection, immunoblot data (fig. 5) indicate both protein levels.20-fold less than coinfection in 24-well plates. Many conditions

increased during this time for both infections. No increase in thaay account for this observation. For example, in the spinner flask,

amount of CYP2A6 or OR was seen when Sf9 cells were coinfectadth more cell surface exposed to viruses (in 24-well plates, cells

with v2A6 at 1.0 pfu/cell and vOR 10-fold less (fig. 5). attach to plates), viruses produced by an initial round of infection may
OR Protein May Decrease the P450 Content in Sf9 CellSthe be able to infect more readily cells in the culture. Or, the shearing

spectral P450 content decreased in the interval from 72 to 96 gmoblem in the spinner flask can also increase the cell lysis, which was

postinfection when Sf9 cells were coinfected with v2A6X210°2 enhanced by nonoccluded virus infection (23). Therefore, a lower

pfu/cell) and vOR (1x 10~2 pfu/cell) (fig. 6). When the same MOI MOI for infection is required for spinner flask cultures. In early

or 10-fold higher MOI of wild-type baculovirus AcCMNPV was sub- & 5

stituted for VOR in coinfection, or Sf9 cells were infected with v2A¢ 2x10 1x10 1.0 V2A6 (pfu/cell)

alone, the spectral P450 contents all increased from 72 to 96 {m 75 9}2 {43 69 3}; {48 80 3}1 (h)

postinfection. In contrast, changes in CYP2A6 total protein levels |

immunoblot analysis were essentially similar for all infections (fig. 7,
The Potential for Using Baculovirus for P450 StudiescDNA-

expressed CYP2A6 in the baculovirus system (total cell lysate) a

human lymphoblastoid cells (microsomes) were compared (table

The spectral P450 content obtained in the insect cells coinfected w — —

v2A6 and vOR was-7-fold higher than the P450 content obtained it

microsomes prepared from human lymphoblastoid cells transfec

with an extrachromosomal vector containing CYP2A6 cDNA. How

ever, coumarin 7-hydroxylase activity was onlyl.7-fold higher. Vv2A6 /VOR=10/1

Immunoblgttlhg results (fig. 8) suggest thaj[ the expressed CYPZAEG. 5. Immunoblot analysis of the effect of v2A6/VOR MOI (ratio 10) on

total protein in the cell lysate was7-fold higher than the protein e total CYP2A6 protein and OR protein level changes in the time course

detected in lymphoblast microsome. Interestingly, the OR protein study.

expressed in b.aculowrus sy§tem POSSESSES a hlgher molecular We'QE‘eM lysates having the highest coumarin 7-hydroxylase activity in the time

than OR protein expressed in the lymphoblasts, which has the sy se study (fig. 4) were compared with the first and last point of collection.

molecular weight as the OR protein detected in the human microsomge microgram total cell lysate protein was loaded in each lane. Immunoblot

(data not shown). was performed as described in the legend to fig. 3.

Sf9

—— S i i -+ OR

— — e r— — g DAB
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Fic. 6. Coinfection of vVOR with v2A6 decreases P450 content.

Cells were infected with 2K 102 pfu/cell of v2A6 alone [J), or coinfected with same amount of v2A6 andk110~3 pfu/cell of vVOR (), or coinfected
with 1 X 1072 pfu/cell (©) or 1 X 102 pfu/cell () of wild-type baculovirus ACMNPV. Hemin was added 24 hr postinfection. Cells were harvested at 72 and
96 hr postinfection. P450 contents were determined as described in the legend to fig. 2.

1 2 3 4 OR virus ratios required for optimal catalytic activities of CYP2A6
| 11 | 11 n! and CYP2E1 suggest that individual P450 expression level, P450
Sfg 72 96 72 96 72 96 72 96 (h) protein half-life, P450 turnover, and OR expression level may all
influence the ratio for coinfection. The variation in the affinity of the
OR protein to different P450s (28) may result in different P450s
- OR requiring different levels of OR for activity. The different distribution
of charges at OR binding site(s) may cause different P450s to have
different affinities to OR (29).
At this low level of initial infection seen in both studies, protein
- e - — — - 2A6 expression seems dependent on secondary or tertiary infection. Peak
enzymatic catalytic activity could not be obtained by increasing initial
Fic. 7. Immunoblot comparison of CYP2A6 total protein level between Sfihfection MOI, thus suggesting that the best enzymatic catalytic
cells coinfected with v2A6/vOR and v2A6/ACMNPV. activity depends on properly posttranslationally modified proteins
One microgram total cell lysate prepared for fig. 6 was loaded for each la@cumulating in a right ratio as a result of primary, secondary, and
(1) Sf9 cells were infected with X 10™2 pfu/cell of v2A6, or @) coinfected possibly tertiary infection (30) of both viruses. These process cannot
with VOR at 1x 103 pfu/cell, or @) coinfected with wild-type baculovirus be obtained simply by increasing MOI for infection.
ACMNPV at 1 10" ° or (4) 1 X 10" pfu/cell. Inmunoblot was performed  OR expression level was found to be important for coexpressed
as described in the legend to fig. 3. CYP2A6 protein catalytic activity. A clear optimum for vOR infection
reports, the MOI of P450 viruses wasl10 (24, 25). More recent MOl was observed, and increasing VOR MOI above this level was
reports have used lower MOI: a MOI of 4 in Petri dishes (26), a MGissociated with the destruction of the CYP2A6 holoenzyme and a net
of 1-2 (3, 5, 6), and an even lower MOI to 0.1 (4) in spinner flaskdecrease in enzyme activity. OR degradation of the P450 holoenzyme
In the present study, the best MOI of v2A6 as determined bpay result from the OR-initiated oxidative damage of microsomal
coumarin 7-hydroxylase activity in spinner flask wa® x 10°2 protein (31), whereas the deficiency of heme in cells coinfected with
pfu/cell when coinfecting with vOR at a MOI of 10- to 20-fold lessVOR is also suggested because the spectral P450 content decreased
At this level of v2A6/VOR coinfection, the best coumarin 7-hydroxeven when total CYP2A6 protein amount increased (compare figs. 6
ylase activity obtained in whole cell lysate (1300 pmol/min/mg tota&ind 7). OR has been shown to be involved in heme degradation by
lysate protein) was comparable with or better than that observedsittimulating heme oxygenase (32) and oxidative heme destruction (33).
human liver microsomes (27). Therefore, the activity of the prepar@learly, controlling OR expression level was important for achieving
tions should be adequate for many applications. Initial studies wittigh enzyme catalytic activity. This problem could also be addressed
human CYP2EL1 indicate that similar properties (low overall MOby using different phase promoters, such as using late basic promoters
v2E1 MOI at 2x 102 pfu/cell and vOR at 1x 102 pfu/cell at a (34-36) to express P450 and using very late promoters to express OR,
vP450/vOR ratio of~2) also apply to this protein. However, theor establishing stable cell lines (37) expressing a low to moderate
optimal absolute conditions may be different. The different P450 atel/el of OR. If this problem can be solved, it has the potential to
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TABLE 1

CHEN ET AL.

Comparison of catalytic activity and P450 content between the baculovirus system and the human lymphoblastoid expression system

Coumarin 7-Hydroxylase Activity

System Fraction Expressed Protein P450 Content Reductase Activity
pmol/min/mg pmol/min/pmol
pmol/mg nmol/min/mg
Insect Cell lysate CYP2A6 120 0.31 388 55
OR — — — 2849
2A6/0R 1312 5.27 249 520
Lymphoblastoid Microsomes CYP2A6 770 22.0 35 29
OR — — — 3052

Insect cells were infected separately with v2A6 at a MOI of 0.02 or vOR at a MOI of 0.03. Insect cells coinfected at a MOI of v2A6/vOR of 0.015/0.001.

Cells were harvested 72 hr postinfection, and lysates were assayed as desdvibttizds and Methodd.ymphoblastoid microsomes were isolated and assayed

for activity as described previously (20).

i 2 3 4 5 6
8.
- & = OR
9.
- — - P4502A6

10.

Fic. 8. Immunoblot comparison of CYP2A6 total protein and OR protein
expressed in baculovirus system and human lymphoblastoid cells.

7. S. Tamura, K.R. Korzekwa, S. Kimura, H.V. Gelboin, and F.J.

Gonzalez: Baculovirus-mediated expression and functional character-
ization of human NADPH-P450 oxidoreductagech. Biochem. Bio-
phys.293,219-223 (1992).

U. Weyer and R. D. Possee: A baculovirus dual expression vector derived
from the Autographa californicanuclear polyhidrosis virus polyhedrin
and p10 promoters: co-expression of two influenza virus genes in insect
cells.J. Gen. Virol.72,2967-2974 (1991).

P. Fernandez-Salguero and F. J. Gonzalez: The CYP2A gene subfamily:
species differences, regulation, catalytic activities and role in chemical
carcinogenesis?harmacogenetics, S123-128 (1995).

O. Pelkonen and H. Raunio: Individual expression of carcinogen-metab-
olizing enzymes: cytochrome P45024. Occup. Environ. Med37,
19-24 (1995).

11. C. L. Crespi, B. W. Penmen, J. A. E. Leakey, M. P. Arlotto, A. Stark, A.

Lanes 1 to 4are cell lysates from Sf9 cellsape 1), Sf9 cells infected with
2 X 1072 pfu/cell of v2A6 (ane 2, 3 X 102 pfu/cell of vVOR (ane 3, or 2 X
102 pfu/cell of v2A6 and 1x 102 pfu/cell of VOR (ane 4. Lanes 5and6
are microsomes isolated from human lymphoblastoid cells transfected with an
epichromosomal vector containing CYP2A6 cDNlare 5 or OR (ane 6.
One microgram total protein was loaded for each lane, and the Western tiISt
was performed as described Materials and Methods '

increase dramatically the P450 catalytic activity in the baculovirus
expression system and to simplify using the baculovirus system for
P450 studies. 13.
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