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ABSTRACT : Total RNAs were isolated from cultured roots of Scopolia parviflora, poly(A)’ RNA was obtained
through the mRNA purification, ¢cDNA library of Hnh6h was constructed. Recombinant baculoviruses in
Spodoptera frugiperda (Sf) cells were constructed by use of the transfer vector pBacPAK, which has the
AcNPV sequence under the polyhedrin promoter, The expression vector carrying Hnh6h gene was transferred
to S. parviflora and obtained transgenic hairy root lines. Our results confirmed the over expression of the H6H
protein was used by anti-pBacPAK about cDNAs of S, parviflora. This study will served for production of

tropane alkaloids by metabolic engineering,
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INTRODUCTION

The solanaceae genera produce a range of
biologically active alkaloids that include nicotine and
tropane alkaloids. Hyoscyamine and scopolamine,
which are found mainly in Hyoscvamus, Duboisia and
Atropa species, are used medicinally as anticholingergic
agents that act on the parasympathetic nerve system
(Hashimoto ef al., 1993).

Generally, secondary metabolites are produced by
the plant cell culture, elicitation, metabolic
engineering, feeding of precursors and bioreactor
system (Verpoorte & Memelink, 2002). Regulation of
secondary metabolic pathways aims to either increase
or decrease the quantity of a specified compounds or
group of compounds (Hamill et al., 1987). The
biosynthetic pathway of tropane alkaloids is initiated

from ornithine and arginine, and further hyoscyamine
68—hydroxylase (H6H), a bifunctional enzyme, is
known to catalyze the hydroxylation of hyoscyamine
to 68—hydroxyhyoscyamine, and the epoxidation to
scopolamine (Matsuda et al., 1998). Hence, H6H is a
promising enzyme for metabolic and genetic
engineering to enhance the yields of scopolamine in
plants. In production of metabolites by metabolic
engineering, 1t is very important to detect the
expression of foreign genes. For elucidation of
expression of key enzyme, preparation of antibody
was very important. In order to prepare the antibody,
large amounts of purified key enzymes are needed.
However, these demerits could probably be due to
lengthy purification steps with low recovery, lack of a
paid and easy immunological assay system for
detecting gene. Shoji et al. (1997) reported the
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efficient gene transfer method into various
mammalian cells including non—hepatic cells, by
baculovirus vectors

Recombinant baculoviruses were constructed by
use of the transfer vectors pBacPAK, which has the
AcNPV sequence under the polyhedrin promoter
(Boublik et al., 1995). Many viral vector have been
developed for gene transfer in vitro, ex vivo and in
vivo. Retrovirus, adenoviruses, and adeno—associated
viruses are currently used for gene delivery into
mammalian for gene therapy (Mulligan, 1993). We
have constructed a recombinant baculovirus and this
recombinant baculovirus was capable of efficient
transcription in many cells. This method could be
effective. It was specific on the post—translational
regulation of the secondary metabolites related key
enzyme in respect of the foreign one. Thus, we are
reported here characterization of monoclonal antibody
for Hnh6h gene by recombinant baculovirus system
and conformed the overexpression in transgenic S.
parviflora hairy root lines.

MATERIALS AND METHODS

Plant materials and E. coli strains

S. parviflora plants were obtained from Korea
National Arboretum in Korea. Plant culture was
performed according to the method of Jung et al.
(2002). Escherichia coli strain used for DNA cloning
was XLI-Blue MRF (Stratagens, USA). The
expression of fusion protein was performed in E. coli
BL21 (DE3) pLysS.

Construction and screening of cDNA library

Total RNAs were isolated from cultured roots of
S. parviflora, and ¢DNA library constructed
Hyoscyamus niger hyoscyamine 68—hydroxylase
(Hnh6h). Poly (A)+ RNAs were obtained by using an
mRNA purification kit. The cDNA library was
constructed by using a ZAP—cDNA Synthesis Kit
(Stratagens, USA) and ZAP—cDNA GigapackIll Gold
Cloning Kit. Screening of the ¢cDNA library was
performed according to Sambrook et al. (1989).
Duplicate plaque filters (Amersham, UK) were
hybridized with Hnh6h cDNA probe labeled by using
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Prime a Gene Labeling system (Promega, USA) in
50% formamide, 5 X Denhardt's solution, 6 X SSC
buffer, 0.5% SDS and 0.1 mg/m{ salmon sperm DNA at
42T for 16 h. Washing was performed once in 2X
SSC and 0.05% SDS at room temperature and twice
in 0.2xXSSC and 0.1% SDS at 65C. The washed blots
were dried, and then autoradiograph at —70C for
overnight using the two intensifying screens. After
the second round of screening, cDNA inserts were in
vivo excised to pBluescript SK(+/—) with an
ExAssist helper phage with SOLR strain.

Preparation of antibodies

Recombinant baculoviruses were constructed by
use of the transfer vector pBacPAK, which has the
AcNPV sequence under the polyhedrin promoter
(Boublik et al., 1995). pBacPAK—-Hnh6h were
constructed by excision of the ¢cDNA of pBluescript
vector construct by digestion with Xhol, were filled in
with Klenow enzyme, and were cloned into the Xhol
site of pBacPAK after ligation of the Xhol site. To
express the genes of S. parviflora, it was introduced
into the baculovirus under the control of the
polyhedrin promoter.

AcNPV sequence and recombinant baculoviruses
were grown and assayved in S. frugiperda (Sf) cells in
TC100 medium (Gibco Laboratories, Grand Island.
NY) supplemented with 0.26% Bactotryptose broth
(Difco, Detroit, MI), 100 pg/ml kanamycin and 10%
fetal bovine serum (FBS). The recombinant
baculovirus pBacPAK—Hnh6h was generated by
homologous recombination of BacPak viral DNA with
pBacPAK—Hnh6h. These recombinant were purified
as follows: culture supernatants were harvested at 3
days after infection, and cell debris was removed by
centrifugation at 6,000 rpm for 15 min. at 4C. Virus
was pelleted down by ultracentrifugation at 25,000
rpm in the SW28 rotor (Beckman, Palo Alto, CA) for
60 min. After it was resuspended in phosphate—
buffered saline (PBS), it was loaded on 10~60%
(w/v) sucrose gradients, and ultracentrifuged at
25,000 rpm in the SW41E rotor (Beckman) for 60
min. The virus band was collected, resuspended in
PBS and ultracentrifuged at 25,000 rpm in the SW41E
rotor for 60 min. The virus band was resuspended in
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PBS, and infectious titers were determined by plaque
assay (Shoji et al., 1997).

Mice were injected subcutaneously with 150 ug of
recombinant virus emulsified in complete adjuvant.
Booster injections of recombinant virus were given
with 10—day intervals. After the third immunization,
blood was collected and the antiserum was isolated.
The 1gG fraction of anti—pBacPAK was purified by
protein A—Sepharose chromatography.

Genetic transformation of h6h gene

The roots of S. parviflora were sterilized in 1% (v/v)
NaOCl solution with several drops of Triton X—100,
vigorously shaken for 25 min., and then rinsed several
times in sterile distilled water. Shoots were induced
from the roots of S. parviflora and then cultured on B5
(Gamborg et al, 1968) basal medium supplemented
with 3% (w/v) sucrose and 0.75% (w/v) agar. The
pH of the medium was adjusted to 5.8 prior to
autoclaving. Subculturing was conducted at 4 weeks
intervals. All the cultures were maintained at 25 1C
in 16/8 h light/dark cycle under cool fluorescent white
light. The pEB expression vector was transferred to
an Agrobacterium rhizogenes strain, KCTC (Korean
Collection for Type Cultures) 2703 by the direct
transfer method. Stem tissues were incubated with A.
rhizogenes carrying Hnh6h gene.

Hairy roots which appeared 4 weeks after the
incubation were cultured separately on B5 basal
medium supplemented with 500 mg/ £ carbenicillin to
eliminate the bacteria. Rapidly growing clones were
used to establish the cultures of hairy roots. After several
subcultures, transformed hairy roots were transferred
to half—strength B5 solid medium with 0.75% (w/v)
agar and then were also cultured in B5 liquid medium
without growth regulators. All the cultures were
maintained as described above conditions.

Determination of H6H monoclonal antibody

Roots of native growing plant, and transgenic roots
were collected, frozen with liquid nitrogen, and then
homogenized. The cell homogenate was suspended in
a protein extraction buffer (300 mM Tris—HCI and 1
mM EDTA) and centrifuged at 12,000 rpm for 15
min. The supernatant was measured using the BioRad

137

protein assay kit. The crude root extracts (20 ug
/lane) were separated by SDS—PAGE on a 12.5%
separating gel according to the method of Laemmli
(1970). After electrophoresis, electro—blotting
transferred the proteins to a nitrocellulose membrane.
Electro—transfer was performed at 13 mA for 1 hin
SDS electro transfer buffer (2.9 g glycine, 5.8 g Tris
base, 3.7 m{ 10% SDS and 200 m{ methanol).
Immunoreactions were carried out using anti—
pBacPAK as the primary monoclonal antibodies.
Unbound antibodies were removed following three
washes of TTBS (500 mM Tris—HC!, 1.5 M NaCl and
1% Tween 20) and the antibodies bound to the
membranes were detected using peroxide-—
conjugated anti—mouse I1gG as the secondary
antibody (Sigma Co.). The antigen protein was
detected by chemiluminescence's using an ECL—
detecting reagent (Amersham, UK) according to the
manufacturer's protocol (Sambrook et al., 1989).

RESULTS AND DISCUSSION

Isolation and sequence analysis of h6h cDNAs
Screening of approximately 4.0X10* independent
clones from a cultured root cDNA library of S.

atggctactt ttatgtcogma ctggtctact aagagtgttt ccogsaaspctt tatascacca
ttacagaaaa gagcagaaaa agatgttccc gtaggaaatg atgtccctat tattgatcte
caacaacatc atcatcttct tottcaacea atcaccasag cttotceaasa ttttagtete
tttraggtoa tcaatcatgs atttoccasaa gaactaatst tagagaraat ggaagtegtac
a3agagttet ttgcaetgcc @gctoaggas aagsasasgt ttaagecsaa aggagasgca
gctasatttg aactteootct tgagcasama gcasagctat atgttgmang agaacaactc
tctagegagg agtteitata ctggaaagac actitogeic atggtigtea tcrtettgat
caggacttag tcaaticcty gectgamasa cragcaaaat atagagaggt gattgrtaaa
tattcagtag aagtgaguaa gttoaccatg aggatactdg actacatctg tgaaggactt
gggrottaaat tgggectactt tgataatgaa cttagecaaa ttcagatgat getgactaac
tattacceac catgeccaga cccaagttea acattgggat caggaggaca ctatgatagt
aaccttataa ctttacttca acaagacttg cctggtttec maceactcat tottaaggat
gctacctgga ttactgttca acctattect actscttttg togteaactt 9ggattgact
ctamaggtta ttaccaatoa aaagtttoasa gottctatcc atagggtagt gacagatcca
acaagdadaca g9gtttcaat tactactttg attggtcctg attattcatg taccattgaa
sctortasag aactactcaa ccamgacadc ccaccactet acasacctta tteatattcet
gagtttgcts acstttatct sagtgatema tcagactatyg attciagtygt taagoccatat
agaatcaatg tetaa

Fig. 1. Nucleotide sequence of a Hnh6h cDNA. Total RNAs
were isolated from cultured roots of S. parvifliora,
and poly(AH RNAs were obtained by using mRNA
purification kit. cDNA library was constructed
by using a ZAP-cDNA Synthesis kit (Stratagens,
USA) and ZAP-cDNA Gigapacklll Gold Cioning
kit. Screening of the cDNA library was performed
according to Sambrook et al. (1989). The nucleotide
sequences are numbeted from the first nucleotide
of insert. Hnh6h cDNA size is 1.035 bp.
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parviflora with a Hnh6h ¢DNA probe resulted in six
Hnh6h clones. All positive clones were confirmed that
they had identical cDNAs by DNA sequencing. A full—
length ¢cDNA was referred to as Hnh6h. The ¢DNA
sequence showed an open reading frame of 1,035 bps
with a molecular mass of 36 kDa (Fig. 1).

Preparation of H6H monoclonal antibody
To generate recombinant baculoviruses, the
baculovirus transfer vector pBacPAK—Hnh6h was
constructed by inserting ¢cDNA encoding the AcNPV
sequence under the polyhedrin promoter, respectively
(Fig. 2A). The recombinant proteins should be
expressed at very high levels in insert cells under the
polyhedrin promoter.
We determined the incorporation of the pBacPAK—
Hnh6h proteins into virions and compared to wild type
and infected recombinant virus (Fig. 2B). Although

Xl digestion

Polybedrin i omnt

\MNW siquRnce

BacPak
Viral DNA

Cotransfection in 8f cells

Fig. 2. Construction of pBacPAK recombinant vector
and infection of recombinant Sf cells. A: Recombinant
baculoviruses were constructed by use of the
transfer vectors pBacPAK, which has the AcNPV
seduence under the polyhedrin promoter. B:
Comparison of wild type and infected with
recombinant virus Sf cells.

the expression of AcNPV sequence, the cell infected
with the recombinant viruses, the highest level of
expression was observed in cells infected with
pBacPAK (data not shown).

The purified protein was determinated by Coomassie
brilliant blue staining and western blotting (Fig. 3).
Recombinant protein was not readily evident in the
Coomassie brilliant blue staining gels but was clearly
present as demonstrated by western blot analysis.
Furthermore, the purified protein possessing 5% 10°
pfu to insect cells were shown to have similar amounts
of capsid proteins detected by Coomassie brilliant
blue staining gels.

<= HEH <= HEH

12345

Fig. 8. Purification of pBacPAK recombinant proteins
transformed with Sf cells and Western blotting
of purified pBacPAK recombinant protein using
pBacPAK-Hnh6h 19G. A: SDS-PAGE stained
with Coomassie blue. It was electrophoresed
on 10% polyacrylamide gels containing SDS
followed by transfer to nitrocellulose sheets.
Lane 1: Molecular weight marker, lane 2: Wild
type of Sf mock cell, lane 3: Vector control of
pBacPAK, lane 4~6: Recombinant proteins of
pBacPAK with Hnh6h. B: The sheets were
reacted with goat anti-pBacPAK IgG, followed
by treatment with ECL substrate (Amersham)
was detected for 5 sec. Lane 1: Wild type of Sf
mock cell, lane 2: Vector control of pBacPAK,
lane 3~5: Recombinant proteins of pBacPAK
with Hnh6h.

Plant transformation and transgenic hairy roots of S.
parviflora

The plasmid containing ¢cDNA encoding Hnh6h
driven by a CaMV 35S promoter with an omega
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sequence and the plasmid containing a selectable
marker (nptll) gene were simultaneously introduced
into S. parviflora shoot tissue using A. rhizogenes
KCTC 2703 harboring pEB expression vector (data
not shown). Hairy roots were induced from shoot
basal tissue after infection of S. parviflora shoots with
A. rhizogenes. The induced hairy root lines were
subcultured in B5 medium containing 0.1 mg/ ¢ IBA for
at least 1 month. Hairy root lines were first screened
for the kanamycin—resistant phenotype and cultured
in half—strength B5 basal medium without antibiotics.

The presence of Hnh6h gene in the genome of
hairy roots was determined by PCR (data not shown).
The DNA of the wild type root did not show any
amplified material. However, putative engineered hairy
root lines tested a band of 1.3 kb size corresponding
to the Hnh6h gene fragments, which consequently
confirmed the presence of the transgenes in the hairy
root lines considered.

Determination of H6H proteins

The protein extracts prepared from transgenic
hairy root lines were subjected to SDS—PAGE for
Western blot analysis. A 36 kDa protein band that
cross reacts with specific pBacPAK antibodies was
found in protein extracts derived from transgenic
hairy root lines (data not shown). Western blotting
using a pBacPAK specific monoclonal antibodies
showed that the Hnh6h polypeptide of 36 kDa was

WT

12

HBH

Fig. 4. Western blotting of transgenic hairy root lines.
It indicates the specific proteins in Western
blots obtained with SDS-PAGE separated
proteins from the wild type root and transgenic
hairy root lines. [t was electrophoresed on 10%
polyacrylamide gels containing SDS followed by
transfer to nitrocellulose sheets and reacted
with goat pBacPAK-Hnh6h IgG, followed by
treatment with ECL substrate (Amersham)
was detected for 5 sec. Lane 1.: Wild type
root, Lane 2 and 3: Transgenic hairy root line
#7 and #12.
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abundant in several transgenic hairy root lines.

The levels of Hnh6h expression in transgenic hairy
root lines varied considerably among the 20 lines,
respectively. In addition, the expression levels of the
key enzyme in the transgenic hairy root lines were
two or more times greater than in the wild type (Fig. 4).

Our results confirmed the overexpression of the
Hnh6h protein in S. parviflora using monoclonal anti—
pBacPAK. This could be a different, and it was
specific post—translational regulation of the
endogenous enzyme in respect of the secondary
metabolites biosynthetic gene.

In further studies, to seek the controlling factors
for enzymatic activities of Hnh6h, we will characterize
the clones obtained using differential display, based
on root—specific expression pattern of scopolamine
biosynthesis enzymes. Thus, this study is contributed
for production of tropane alkaloids by genetic and
metabolic engineering of the secondary metabolic
pathway and confirmation of overexpression key
enzyme in S. parviflora using the monoclonal antibody.
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