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Abstract The Bac-to-Bac baculovirus expression system is a novel gene expression system that allows the rapid and efficient genera-

tion of recombinant baculovirus DNA by site-specific transposition in Escherichia coli  rather than homologous recombination in insect

cells. The recombinant vector pFast-P450nor

was constructed by inserting the cytochrome P450nor gene from Cylindrocarpon

tonkinense into the BamH I /Xba | sites of the transposing vector pFastBacl in the correct orientation with respect to the polyhedrin

promoter. After transformation pFast-P450nor was introduced into the competent cells E.

coli DH10Bac  containing a shuttle vec-

tor Bacmid. Recombinant bacmid pAc-P450nor was constructed by transposing a mini-Tn7 element from the donor plasmid pFast-

P450nor to the mini-attTn7 attachment site on the bacmid where the Tn7 transposition functions were provided in trans by a helper

plasmid. The recombinant bacmid DNA was isolated and transfected into the insect cells  Spodoptera frugiperda  Sf9  to produce the

recombinant virus tAc-P450nor. Fresh insect S cells were infected with the recombinant virus containing cytochrome P450nor to

express the target protein. Result showed that the recombinant bacmid expression vector pAc-P450nor - was constructed successfully

and the cytochrome P450nor gene was highly expressed in SP9 insect cells. A specific band about 43kD was detected by SDS-PAGE

and confirmed by Western blot analysis. Availability of this expression system should facilitate characterization of the role of cyto-

chrome P450nor in the metabolism of NO.
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Cytochrome PA450s constitute a supergene family of
heme-containing proteins that are involved in the metabolism
of a variety of substrates and widespread in both eukaryotes
and prokaryotes ' . The databases currently list more than
2500 cytochrome P450 sequences belonging to 285 gene fami-
lies including 70 genefamilies from animals 52 genefamilies
from plants 86 genefamilies from lower eukaryotes and 77
genefamilies from bacteria  http //dmelson. utmen. edu/cyto-

chrome P450.html 23

function as monooxygenases but some may catalyze other re-
1

. Cytochrome P450 enzymes usually

actions such as reduction isomerization and dehydration
Nor

is involved in fungal denitrification *

nitric  oxide reductase cytochrome

P450nor

For example
P450nor
Denitrification is a biological process that plays an important
role in the global nitrogen cycle as it completes the nitrogen
cycle performing the reverse reaction of nitrogen fixation.
More attention is now being paid to N;O an intermediate of
biological denitrification as it exhibits a potent greenhouse
effect and its concentration in the atmosphere is increasing

rapidly. Denitrification is thought to be one of the main
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sources of N, O that is emitted into the atmosphere > . On the
other hand biological denitrification is at present the most ef-
fective process to remove fixed nitrogen pollutants from aque-
ous ecosystems in which they cause eutrophication. There-
fore increased knowledge about denitrification is important
not only for biochemical research in this field but also for tak-
ing preventive measures against damage in the global environ-
ment © . P450nor is the most functionally diverse among
known cytochrome P450 enzymes as it catalyzes the reaction
shown in Reaction 1 without a redox partner such as cyto-
chrome P450 reductase and thus receives electrons directly
from NADH or NADPH. The catalytic turnover rate against
NO is over 30000 min~" at 30C 7 .
2NO + NAD P H + H" = N,0 + NAD P * +
H,0 Reaction 1
Four isozymes of cytochrome P450nor  FoP450nor
CYP55A1  from Fusarium oxysporum  CiP450norl and
CtP450nor2 CYP55A2 and CYP55A3  from Cylindrocarpon
and TcP450nor CYP55A4  from basidiomycotina

Trichosporon

tonkinense

yeast cutaneum were  isolated  and
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cloned * ="' . These isoforms differ in terms of intracellular The recombinant pFastbacl donor plasmid containing
localization mitochondria and ecytosol ® . As cytochrome PASOnor gene was transformed into competent DH10Bac

PAS0nor genes have never been highly expressed in the eu-
karyotic cells the Bac-to-Bac Baculovirus expression system

one of the most powerful eukaryotic systems for the expression
of foreign genes was utilized for gene expression. It is supe-
rior to the prokaryotic expression system for the modification
of post-transcription and post-translation products. This paper
reports the construction and expression of recombinant bacmid
pAc-P450nor  which contained CtP450nor2 ¢DNA cloned
from Cylindrocarpon tonkinense . This research will facilitate

the analysis of the structure and the function of the cyto-

chrome P450nor gene.
1 Materials and Methods

1.1 Plasmids cells and biochemical regents

The pFastBacl plasmid and E. coli DH10Bac cells
containing Bacmid and the helper plasmid were gifts from
Professor QI Yi-Peng College of Life Science of Wuhan Uni-
. The recombinant plasmid pGEM-P450nor

¢DNA was constructed as described previously *

versity China
. Spodopi-
era frugiperda SO  cell line is conserved in our laboratory.
Mono-layer cultures of SO cells and those infected with the
recombinant viruses were maintained in Grace” s medium sup-
plemented with 5% V/V  fetal bovine serum FBS GIB-
CO/BRL USA . SSMC-7721 cell line cancer cell line was
gift by Professor YANG Xu College of Life Science of Central
China Normal University China
Dulbecco’ s Modified Eagle Medium DMEM  medium sup-
plemented with 10% V/V FBS GIBCO/BRL . Restriction
T4 DNA ligase and Tag DNA polymerase
were purchased from Promega Co. X-gal TPTG and antibi-

which was cultured in

endonucleases

otics come from Hua-mei Co. Nitric oxide assay kit was pur-
chased from Naijing Jiancheng Biotechnology Co.
1.2 Construction of recombinant plasmid pFast-
P450nor

A DNA fragment containing P450nor was excised from the
plasmid pGEM-P450nor by double digestion with BamHI/
Xba |
Bacl that contains the polyhedrin gene promoter. After the

and subcloned into the transposing vector pFast-

transformation and selection the recombinant plasmid pFast-
PA50nor was obtained in which P450nor ¢cDNA was in the
correct orientation with respect to the polyhedrin promoter.

1.3 Transposition between recombinant-pFast and bac-

mid

cells for transposition into the bacmid. The transformation
mixture was plated onto Luria agar plates containing kanamy-
cin  500pg/mlL gentamycin  10pg/mL

10pg/mL X-Gal 100pg/mL  and IPTG 40pg/ml  and
incubated at 37°C for 48 h for selection of the recombinant

tetracycline

bacmid .
1.4 Identification of the recombinant bacmid

The recombinant bacmid was verified to be correct
for insertion of the gene of interest by PCR with the pUC/
M13 amplification primers and the recombinant Bacmid
DNA as 5'-GTA-
AAACGACGGCCAGT-3" and reverse primer P2 5'-AA-
CAGCTATGACCATG-3" were purchased from Genecore
Company Shanghai China

template.  Forward primer P1

. During PCR amplification

the profile was one cycle of 93°C for 3 min and 30 cycles
of 94°C for45 s 55°C for45 s 72°C for 4 min. Finally
An aliquot of PCR

W/V  agarose gels.

it was extended at 72°C for 10 min.
reactions were analysed on 1%
1.5 Transfection of Sf9 cells with recombinant bac-
mid DNA

High molecular weight DNA of recombinant bacmid was
prepared from overnight cultures of selected E. coli colonies
and used to transfect fresh insect SO cells * . Following

incubation for 96 h at 28°C

P450nor was harvested from the transfected cells

the supernatant containing
and then
used to infect fresh insect cells.
1.6 Preparation of recombinant virus DNA

The recombinant virus DNA was prepared from virus
particles as previously described "
1.7 Detection of the expressed target protein by SDS-
PAGE and Western blotting analysis

100pL of viral supernatant harvested from transfected
cells was used to infect fresh insect cells in 2mlL of Grace’ s
medium. After 24h  48h  72h  96h post-infection cells
were harvested and lysed with 2% W/V  SDS. The ex-
pressed recombinant P450nor products were identified by
SDS-PAGE with the concentrations of 5% W/V  of stacking
gel and 12% W/V  of separating gel '* . After electrophore-
sis  the samples were then electrophoretically transferred onto
PVDF Millipore Co. USA mem-
branes. The primary antibody was anti-CtP450nor2  rabbit

and the second antibody was anti-rabbit antibody conjungated

polyvinylidene fluoride

with h()rsemdlsh neroxidase. The hlot was visnalized with
hERF R i#@]ﬁ#nﬁﬁmwﬁié‘iﬂ #B  http://journals. im. ac.cn
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ECL kit Pierce Rockford IL USA .
1.8 Detection of the content of Nitric Oxide

Confluent SSMC-7721 cells were washed twice with cold
phosphate-buffered saline PBS and scraped into 1.2 mL of
cold homogenization buffer containing 50 mmol/L Tris-HCI
10 mmol/LL. CHAPS 0.1 mmol/L EDTA 0.1 mmol/L
EGTA 0.1%
methylsulfonyl fluoride 5 mmol/L. benzamidine 0.25pg/mL
leupeptin  and 0.5pg/mL aprotinin  pH 7.5. Cells were ly-

VIV B-mercaptoethanol 1 mmol/L phenyl-

sed by sonication. NO assays were initiated by adding 2001
of SO cell extract to SSMC-7721 cells. The content of nitric
oxide in SSMC-7721 cells was measured according to the
manual of nitric oxide assay kit Naijing Jiancheng Biotechn-

ology China .

2 Results

2.1 Construction of recombinant transposing plasmid
and recombinant bacmid
Restriction endonuclease analysis was performed to veri-
fy the recombinant pFast carrying the gene of interest. The
recombinant plasmid pFast-P450nor digested with BamHI/
Xbal generated a 1.3 kb fragment and a 4.7 kb fragment
Fig.1 Lane 3 . This result demonstrated a successful con-
struction of the recombinant transposing plamid pFast-p450nor

in which the cytochrome P450nor cDNA was correctly inserted.
1 2 3 4 5

bp

Fig.1 Identification of the recombinant transposing plamid with
restriction endonulease digestion
1. Marker ADNA/EcoR | + Hindlll 2.Recombinant transposing plamid
pFastp450nor digested with BamH I 3. Recombinant transposing pl-
amid pFast-p450nor digested with BamH | and Xba | 4. pFastBacl
plasmid digested with BamH I 5. P450nor gene recoverd from gel as
control .

The recombinant plasmid pFast-P450nor was transformed
into competent DH10Bac cells for transposition into the bac-
mid. The recombinant bacmids were constructed by transpos-
ing a mini Tn7 element from a pFastBacl donor plasmid to
mini-attTn7 attachment site on the bacmid when the Tn7

transposion functions are provided in trans by a helper plas-

mid. After transposition and selection the recombinant bac-

mid pAc-P450nor was obtained. By transfection in Sf9 cells
the recombinant virus rAc-P450nor containing P450nor cD-
NA was generated.
2.2 Analysis of recombinant bacmid
The verification of the insertion of the foreign gene is

very difficult using classical restriction endonuclease digestion
analysis because the recombinant bacmid DNA is too big

more than 135 kb . It is better to use PCR to confirm that
the gene of interest has transposed to the bacmid. The
pUC/M13 amplification primers are directed at sequences on
either side of the mini-attTn7 site within the lacZo-comple-
mentation region of the bacmid. If transposition has occurred
the PCR product produced with these primers is 2300 bp plus
the size of the insert. The size of bacmid transposed with
recombinant pFast-P450nor was about 3.6 kb. With bacmid
alone the size of PCR product is 300bp as the primers could
combine with mini-attTn7 attachment sites on the bacmid.
Fig. 2 showed PCR analysis of recombinant bacmid and
recombinant virus. PCR products from the empty Bacmid

lane 2 and from Bacmid in blue bacteria lane 3  were
300bp  PCR product from non-p450nor recombinant Bacmid
lane 4 was 2300 bp PCR

products from the recombinant Bacmid pAc-P450nor lane 5

transposed with only pFastBacl

and from the recombinant virus rAc-P450nor lane 6 were
3.6kb. These results indicated clearly that the recombinant
bacmid and recombinant virus containing the P450nor ¢cDNA

were constructed successfully Fig.2 .

bp 12 3 4 5 6 o
21226 —
-
5148 —
4267 —4 | <3600
<«—2300
2027 —
1584 —
947 —
<300

Fig.2 PCR analysis of recombinant bacmid and recombinant virus
1.Marker ADNA/Hind [l + EcoR |

3. Bacmid in blue bacteria as template 4. Non-p450nor rBacmid as tem-

2.Empty Bacmid as template

plate 5.rBacmid pAc-PA50nor as template 6.Recombinant virus rAc-
P450nor as template.
2.3 The expression and biological activity of cytochrome
P450nor
The SO cells were infected with the recombinant bacmid

pAc-P450nor and culiired for 24h 48h 72h 96h at 28°C
© MERFRMEDHRATIKEHEE http://journals. im ac.cn
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and harvested for SDS-PAGE and Western blotting analysis
Fig.3

protein of cytochrome P450nor with a molecular weight of

. Figure 3 shows the result of the expressed target

43kD. The result proved a successful cloning and expression
of cytochrome P450mnor in S cells by using Bac-to-Bac sys-
tem. It was found that the level of expression of the target
protein was higher after 72h post-infection. The recombinant
P450nor expression level was about 2.6% of total protein by
gel scanning analysis. It can be seen that the expressed pro-
tein was increased from 24h to 72 h post-infection. The stron-
gest band appeared after 72 h post-infection Fig.3 lane4 .
After 96 h post-infection the expression level was decreased
rapidly. After addition of Sf9 cells extract to the culture of
SSMC-7721 cells cells were assessed for viability using the
MTT assay

creases with concentrations of P450nor not published . Ta-

. The inhibition of these cell proliferation in-

ble 1 show the concentration of NO of culture cells treated

with or without P450nor.

Table 1 Metabolism of recombinant P450nor on nitric oxide x *s

Samples n NO/ pmol/mL
Control extract from uninfected cell 10 5.904+0.14
P450nor extract from infected cell treated 10 2.767+0.11"
" P<0.01
M1 2 3 4 5 5 4 3 2 1
sra—p ¥

4 B 1
66.2—| n

"
-
—
1

430— b &

C
*

«—43kD
31.0—
20.1— -
14.4—-&

Fig.3 SDS-PAGE left and Western blot right analysis

of the recombinant p450nor expressed in Sf9 cells
1. The proteins extracted from uninfected SO cell 2. The proteins ex-

—ree

tracted from the cells post-infected for 24h 3. The proteins extracted from
the cells post-infected for 48h 4. The proteins extracted from the cells
post-infected for 72h 5. The proteins extracted from the cells post-infect-
ed for 96h.

3 Discussion

Different from cytochrome P450 monooxygenases

cytochrome P450nor is a relatively new cytochrome P450.

To further investigate its function it is necessary to ex-
press cytochrome P450nor in eukaryotic expression sys-
tem. This paper reports the successful cloning and expres-
sion of cytochrome P450mnor in SO cells by using Bac-to-
Bac system. The expression level of the foreign protein
was found to be higher compared to yeast expression sys-
tem which expressed P450nor at 1.4% of the soluble
* . By SDS-PAGE analysis

the expression level was higher at 72h post-infection.

protein " it was found that

Probably if the time of infection is too short there will
be low yield of expressed protein and if the time is too
long the infected cells will be damaged and most of the
expressed protein will be secreted into the infection medi-
um.

Although P450nor is involved in the denitrifying sys-
it can not be a respiratory enzyme unlike

tems of fungi

nitrite or nitrate reductase since P450nor received elec-

trons directly from NADPH/NADH. P450nor should be a
detoxifying enzyme. NO itself is a highly reactive radical

and known to cause defects in mitochondria. Further-
more NO is well known to react with superoxide to form a
more hazardous molecule peroxynitrite. Peroxynitrite has
higher reactivity than NO or superoxide against biological
molecules and is known to inactivate the mitochondrial
electron transport system '® . From this work we have
learned that recombinant P450nor could reduce nitric ox-
ide since the proliferation of the cancer cell SSMC-7721
cell line was inhibited with P450nor. This result will re-
dound to study the effects of P450nor on mice bearing tu-
mor. Therefore P450nor will be helpful to the diagnosis
of a series of environmental and medical disorders and

study on anaerobic respiration and NO metabolism in eu-

karyotic cells.
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