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Abstract

The last enzyme of the sesquiterpen phytoalexin capsidiol synthesis in tobacco cell, 5-epi-aristolochene hydro-
xylase which convert 5-epi-aristolochene(EAS) to capsidiol, was cloned by a reverse transcription polymerase chain
reaction strategy and cDNA library screening. Cloned CYP-B3 contained high probability amino acid matches to
known plant cytochrome P450 sequences and open reading frame with the conserved FxxGxRxCxG heme-binding
region. Transcripts of CYP-B3 were not detected in control cells, but induced in elicitor-treated cells. Furthermore,
CYP-B3 transcripts were induced by fungal extracts and cellulase but not by other stimuli(chilling, heat shock and

2,4-D). Induction of CYP-B3 transcripts by elicitor treatment was not affected by ancymidol and ketoconazole treat-

ments suggesting that an inhibition of hydroxylase activity by Cyt P450 inhibitors resulting from post translational

processing event.

Key words © Capsidiol, 5-epi-aristolochene hydroxylase, Cytochrome P450, Elicitor

Introduction

One of the plant cell’s responses to challenge by pa-
thogen or pathogen-drived factors known as elicitors is
the production of antimicrobial phytoalexins. The che-
mical class of phytoalexins produced by plants seem to
be family-specific. The phytoalexins produced by Sola-
naceous are terpene derivatives. Many reports have de-
monstrated that addition of fungal elicitor to tobacco
cell suspension cultures results in the induction of ses-
quiterpenoid, including capsidiol, biosynthesis with the
induction of a sesquiterpene cyclase enzyme activity?.
The sesquiterpene cyclase catalyzes the conversion of

farnesyl diphosphate(FPP), a common precursor of both
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sesquiterpenoid and sterol biosynthesis, to 5-epi-aristo-
lochene(EAS), a bicyclic sesquiterpene intermediate pre-

dicted for the ultimate production of capsidiol”

. Capsi-
diol is a principal phytoalexin found in tobacco tissues
challenged with pathogene or fungal elicitors®®. Al-
though much is known about the biosynthetic pathway
for EAS in relation to the characterization of sesquiter-
pene cyclase enzyme in tobacco and other Solanaceae*®
?, little is known about the enzymatic regulation of the
hydroxylation of EAS to form capsidiol. Hoshino et al.”
suggested that EAS hydroxylase is a member of cytoch-
rome(Cyt) P450s, in that microsomal enzyme activity
required both NADPH and O2 for activity, and Cyt P

450 inhibitors, such as ancymidol, ketoconazole and CO
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gas, suppressed the enzyme activity in a dose dependent
manner.

Plant Cyt P450 monooxygenases are involved in me-
diating the formation of a wide range of plant metaboli-
tes, including phenylpropanoids, fatty acids, terpenoids,

9,10) In

alkaloids, hormones, pigment and phytoalexins
addition, certain Cyt P450 enzymes have been reported
to be involved in the detoxification of herbicides in pla-
nts, and drugs in mammalians'*'?. Wide range of reac-
tions are mediated by specific forms of those proteins
which might be expressed only under certain circumsta-
nces, for example, exposure to pathogens, herbicides, fu-
ngal elicitors, manganese and wounding®*'?. Recently,
hundreds of mammalian Cyt P450 ¢DNA clones have
been isolated and the regulation of the expression of
their corresponding genes is the subject of extensive re-
search'"'*!%_ Despite of prevalency and physiological
importance, relatively little is known about the number
of Cyt P450 enzymes in plant tissues and their expres-
sion patterns. The limited knowledge of plant Cyt P450
enzyme due to difficulties encountered in isolating and
purifying those enzymes. Especially, the low Cyt P450
contents of most plant tissues, instability of these enzy-
mes after tissue homogenation and protein solublization
represent major problems'*'®. However, many investi-
gators have succeeded in purifying some distinct Cyt P
450 from plants’®'®'®, Isolation of Cyt P450 cDNA
clones from plants was successfully performed by reve-
rse transcription polymerase chain reaction (RT-PCR)-
based method using a set of degenerate PCR primer cor-
responding to nucleotide sequence specifying a conser-
ved region in Cyt P450 proteins®'®. Sequence compari-
sons of Cyt P450 proteins from animals, microorgani-
sms and plants have led to identification of several high
conserved region. One of these domains, close to C-ter-
minal end of the protein, is involved in binding of the
Cyt P450 heme group. This domain contains the highly
conserved sequence FxxGxRxCxG which has been rega-

rded as fingerprint for cloning Cyt P450 genes®!®'®,

To understand the properties of elicitor-inducible Cyt
P450 dependent hydroxylase responsible for the conve-
rsion of EAS to capsidiol in elicitor-treated tobacco cells,
EAS hydroxylase was cloned. In addition, effects of Cyt
P450 inhibitors, ancymidol and ketoconazole, on the
enzyme activity and expression of hydroxylase was inv-

estigated.
Materials and Methods

Cell Cultures and Elicitor Treatment

Cell cultures of Nicotiana tabacum cv. KY14 were main-
tained in modified MS medium as described previously®.
Cells under the rapid growing, corresponding to 3 days af-
ter subculturing, were used for all the experiments presen-
ted. Elicitor treatment was initiated by the addition of 0.5
ug of cellulase(Trichoderma viride, type RS, Onozuka) per
mé of cell suspension cultures for the indicated length of
time before collecting cells and media. Control and elicitor
and/or ancymidol or ketoconazole-treated cells and me-
dia were harvested by gentle vacuum filtration through
a single sheet of miracloth and used for enzyme activity
and expression study. Assay for cyclase activity was pe-

rformed as previous report®.

RNA Extraction, RT-PCR and Cloning

Total RNAs were isolated from control and 12 h eli-
citor-treated tobacco suspension cells using phenol/chlo-
roform extraction method'®, and poly(A)*RNA was
prepared by oligo(dT) cellulose chromatography column
(GIBCO, Life Technology). First strand cDNA was syn-
thesized using an oligo(dT) primer and reverse transcri-
ptase(cDNA Cycle Kit, Invitrogen). A ¢DNA clone of
mRNA was isolated using reverse transcription polyme-
rase chain reaction(RT-PCR) strategy based on sequence
comparison of Cyt P450 monooxygenase genes from

9 pea® and Jerusalem artichoke!®. A degene-

avocado
rate forward primer [5-GCGGATCCGA(G/A)GA(G/

A)TT(C/T)(A/C)G(G/A/T/C)CC(G/A/T/C)GA(G/A)
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(A/C)G-3"] including BamHI restriction site (underli-
ned) was synthesized based on amino acid sequence of
EEF(R/L)PER and reverse primer was 25-bp oligo(dT)
primer (CGGAATTCTTTTTTTTTTTTTTTTT) including
EcoRI restriction site (underlined). The 413-bp RT-PCR
products uniquely generated from elicitor-induced poly(A)
+RNA were isolated from an agarose gel using DE-81 ion
exchange paper (Whatman, Maidston, England). The RT-
PCR product was restriction enzyme digested with BamHI
and EwRI at 37C for 1 h, and ligated into corresponding
restriction site of pBluescript SK(Stratagene), and then tra-
nsformed into E. coli strain TB1 according to CaCl, trans-
formation procedure’®. The transformants were selected
on X-gal/ampicillin LB plate and subjected to northern hy-
bridization and sequence analysis.

Screening of the cDNA library using PCR method

To obtain the upstream sequence of 413-bp RT-PCR
product, pcDNAIl-plasmid cDNA library, prepared from
elicitor-treated tobacco suspension cells, in E. coli strain
DHIF was amplified on ampicillin/LB plate overnight.
All bacterial colonies containing ¢cDNA library were har-
vested by scraping into ampicillin/LB liquid medium
and overnight cultured, and subjected to purifying plas-
mid DNA. Plasmids of pcDNAII, having ¢cDNA library
inserts between BstX] restriction enzyme sites, were di-
rectly amplified by PCR using gene specific reverse pri-
mer  (5-CGGGATCCCTTAAGCATATTATGCAGCAA-
TAGG-3’, BamHI site underlined) positioned in the tra-
nslation termination codon(bold) of 413-bp RT-PCR
product, and T7 forward primer positioned in the plas-
mid DNA. The PCR products generated from the gene
specific primer was recovered, subcloned into pBluesc-

ript SK, transformed and sequenced as described above.

Northern Analysis
Total RNAs were electrophoresised on 1.0% agarose-
formaldehyde gel'®. The RNA was transferred overnight

onto a nylon membrane(Zetta probe, BioRad, Hercules,
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CA) in 10x SSC(1x $5C=0.15 M NaCl, 0.015 M so-
dium citrate, pH 7.0) solution. Following transfer, the
membrane was air dried and UV cross-linked using St-
ratalinker(Stratagene). RNA blot hybridization was per-
formed at 42C in 5 mf of hybridization buffer(5x SSPE,
2x denhardt’s solution, 0.2% SDS, 20 pg m™' tRNA, 50
% foramid) probed with **P-labeled 413-bp RT-PCR pro-
duct or sesquiterpene cyclase gene using a commercial kit
(Prime-It Kit, Stratagene). RNA blot was washed twice at
room temperature for 10 min with 2x SSC, 0.1% SDS,
and twice for 30 min with 0.1x SSC, 0.1% SDS. Hybridi-
zation signal was visualized by autoradiography.

Results

Cloning by RT-PCR and cDNA Screening

To isolate elicitor-inducible hydroxylase gene(s) out
of extensive variations of Cyt P450 gene families in to-
bacco cells, we used an RT-PCR strategy using degene-
rate primer based on recently reported genes. To maxi-
mize opportunities for cloning hydroxylase gene(s)
which might be specifically involved in the hydroxyla-
tion of EAS, PCR products generated by poly(A) *RNA
from control cells were compared to those generated by
12 h-induced cells on 1.0% agarose electrophoresis gel.
In preliminary experiment, we confirmed that hydroxy-
lase activity was rapidly increased at 12 h after elicitor
addition. This would be expected to produce abundant
mRNA encoding for the enzyme at this time. The mRNA
was reverse transcribed using oligo(dT) reverse primer
complementary to the 3’ polyadenine tail of mRNA, and
PCR amplified by degenerate forward primer encoding
a conserved amino acid sequences, EEF(R/L)PER, loca-
ted in approximately 30 amino acids upstream from the
highly conserved heme-binding domain in Cyt P450
gene families. The forward degenerate primer was based
on sequence conservation in the region of the Jerusalem
artichoke CYP73A1'®, the avocado CYP7IAI*®, and the

pea CYP73A9 sequence encoding trans-cinnamic acid 4-
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hydroxylase(t-CAH)®. From the RT-PCR reactions, PCR
products which were uniquely generated by elicitor-in-
duced mRNA were cloned using BamHI and EcoRI sites
included in 5° and 3’ PCR primers, respectively. Of the
60 transfromants that were sized, 12 independent clo-
nes had inserts in the size approximately 400 to 550
bp, and only one(413-bp) of those clones was shown
high specificity to elicitor-induced mRNA by northern
hybridization(Fig. 1). To obtain the upstream sequence

0 4 12 0 6 12

Cyclase CYP-B3

Fig. 1. Northern analysis of sesquiterpene cyclase and
CYP-B3 in elicitor-treated tobacco suspension ce-
lls. Total RNAs isolated from indicated times(O,
6, and 12 h) of elicited-cells were electrophore-
sised on a 1.0% agarose formaldehyde gel, blot-
ted onto nylon membrane, and probed with 2P
labeled 413-bp RT-PCR product of CYP-B3 and
full length of tobacco sesquiterpene cyclase
c¢DNA probe.

GGA GAA ARG CAT AAG ATA AGC TGT GCT ATT GAT CAC ATT ATA GAT GCC GAA ATG AAA GGA
G E K W X I 8§ C A I D H I E M X G
GAA ATA ART GAG CAA AAT GTA CTC CAT ATT GTG GAG AAT ATC AAT GTT GCA GCA ATT GAA
E I N E Q¢ N V L H I v E N I N V A A I E
ACA ACT CTA TGG TCC ATG GAA TGG GCC ATA GCT GAA CTT GTA AMT CAT CCC ATT GTT CAA
T T L W s M E W A I A E L V N H P 1 Vv g
CAG AAG ATT AGG GAT GAA ATC TCA ACA GTC CTC AAA GGC AGA TCA GTC ACA GAA TCA AAC
¢ x I R p E I § T ¥V L K 6 R S VvV T E § N
CTC CAT GAG CTG CCT TAC TTG CTA GCA ACA GTA AAT GAA ACA TTA AGA CTC CAC ACA CCA
L H E L P Y L L A T V N E L R L H T P
ATA CCT TTA CTT GTA CCA CAT ATG AAC CTT GAA GAA GCA AAG CTA GGT GGT TAC ACT ATT
1 P L L vV P H M N L E E A K L G G Y T I
CCT AAA GAA ACT AAG GTG GTT GTG AAT GCA TGG TGG CTG GCT AAC AAC CCT GCC TGG TGG
P X E T K V V V N A W W N P A W W
ARA AAC CAG AAC GAA TTC CGG CCC GAG CGG TTT CTC GAG GAG GAT AGT AGC ACA GAG GCA
X ¥ ¢ N E F R P E R F L D s 5 T E A
GCT GTT GCT GGT GGC AAG GTT GAT TTC AGG TAC TTG CCC TTC GGT ATG GGG AGG CGG AGC
A vV A 6 6 K V D F R Y L ¥ g R B S
*

TGC CCC GGA ATC ATC CTT GCA CTG CCA ATT CTG GGG CTT GTC ATA GCC AAA CTA GTG TCA
¢ P § T I 1AL P I L G L V I A L v s
AMAT TTT GAA ATG CAG GGT CCA CCA GGT GTG GAA AAG GTT CAT ACA AGT GAA AGA GGA GGG
N F E K Q 6 P P G V E K V H T § E R G G
CAG TTT AGC TTG CAC ATT GCA AAA CAT TCC ACG GTT GTC TTC AAG CCT ATT GCT GCA TAA
¢ F s L H I A K H S A A

TICA

Fig. 2. Nucleotide and predicted amino acid sequence in
single letter code of the cDNA CYP-B3. The tra-
nslation termination codon TAA is underlined.
Amino acids conserved in the heme-binding re-

gion are designated with asterisks.

of 413-bp RT-PCR product, cDNA library in pcD-
NAIl-plasmid was directly amplified by PCR using in-

ternal reverse primer specific to 413-bp RT-PCR pro-

duct and T7 forward primer positioned in the plas-

mid. From PCR amplification, we obtained specific
clone, namely CYP-B3 that had 842-bp ¢DNA sequen-

ces containing open reading frame of 239 amino acids,

and contained high probability amino acid matches to

known eukaryotic Cyt P450 sequences (GenBank data

base), an open reading frame with the conserved FxxG-

xRxCxG heme-binding region and intact forward and

reverse PCR primers used(Fig. 2). An analysis of the

deduced amino acid sequence for CYP-B3 and other

species show 70% of identities to t-CAH cloned from

Phaseolus aureus®®, Glycin max(GenBank accession No.
X92437) and Zinnia eleganse(GenBank No. U199,
and 69% identities to that from Pisum sativum® and

Helianthus tuberosus®. Comparison of amino acid se-

quence indicated that CYP-B3 polypeptide was significa-

ntly homologous to Cyt P450-dependent gene families

in other species(Fig. 3).
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Heme-binding domain
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CrC4H 459
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HtC4H 459
PsC4H 387
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B3 96
CrC4H 502
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PsC4H 430
MsC4H 503
PaC4H 502
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PhF3, 5H 1lgtL§&st Pse¥ mneﬁafGl a $g valeam vtg 497
Consensus .igrlv.nfe 1..Ppg..ki dtsekgggfs Lhilkhstiv .kp.

Fig. 3. Alignment of CYP-B3 with other Cyt P450 sequences.

Amino acid comparison of Cyt P450 genes, cinnamic acid 4-hydroxylase from Phaseolus aureus(Mizutani et
al,, 1993), Glycin max(GenBank accession No. X92437), Zennia eleganse(GenBank No. U19922), Pisum sa-
tivum (Frank et al., 1996), Helianthus tuberosus(Teutsch et al, 1990) and Catharanthus roseus, flavonoid 5-
hydroxylase from Arabidopsis thaliana, and flavonoid 3,5-hydroxylase from Petunia hybrida. Numbers indicate
the amino acid residues in the sequences, gaps in the alignment are designated by dashes. Amino acid which
are common to all five sequences are denoted as the concensus sequences, large capital. Overlines numbered
with roman numerals indicates highly conserved regions.

Enzyme Activity and Northern Analysis in Respond to
Elicitor and/or Cyt PA50 Inhibitors

Cyt P450-dependent enzymes inhibitors ancymidol
and ketoconazole would be expected to inhibit the inco-
rporation of [*H] labeled EAS into capsidiol by inhibi-
ting hydroxylase enzyme activity. Extracellular accumu-
lation of [*H] labeled capsidiol which might be synthe-
sized by hydroxylation reaction of [°H] labeled EAS,
was determined in tobacco cell suspension cultures,
treated with cellulase plus different concentrations of

ancymidol or ketoconazole for 12 h, followed by 3 h
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incubation with [*H] labeled EAS. In addition to the
hydroxlyase activities, effects of those chemicals on ses-
quiterpene cyclase activity in tobacco suspension cells
(in vivo) as well as cyclase purified from bacterial ext-
racts were examined(in vitro) (Fig. 4). Enzyme activity
of hydroxylase was inhibited in a dose dependent man-
ner, greater than 30% by 5 pM ancymidol and 25%
by as little as 1 uM ketoconazole, and subsequently su-
ppressed more than 80% and 95 % by 75 uM ancymi-
dol and 100 uM ketoconazole, respectively. However,
activities of both types of sesquiterpene cyclases, one
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Fig. 4. Effect of ancymidol(A) and ketoconazol(B) on
the activity of cyclase and 5-EAS hydroxylase.

from tobacco cells and the other from bacterial extracts,
were not significantly affected by even 100 pM ancy-
midol. These results were almost identical with ketoco-
nazole treated cyclase activities with the exception that
enzyme activity of cyclase in tobacco cells, but not of
bacterial extracts, was dramatically inhibited, greater
than 78 % by 75 pM and up to 100 % by 100 yM
ketoconazole, which might be caused by cell death by
lethal concentration of the chemical, resulting in interce-
ption of cell induction as well as blocking all biochemi-
cal processes in the cells. It is well known that a mem-
ber of Cyt P450 enzymes are induced by a variety of
environmental stresses and xenobiotics. Thus, to demon-
strate cloned CYP-B3 was specifically induced by elicitor

only, suspension cells were subjected to cold, heat and

herbicide 2,4-D treatments. CYP-B3 transcripts were de-
tected only in the fungal extracts and elicitor cellulase
(Fig. 5). Because CYP-B3 transcripts were induced by
fungal extracts and cellulase but not by cold, heat and
herbicide, we could concluded that this CYP-B3 clone
was elicitor inducible plant defence related hydroxylase

rather than other Cyt-P450 genes.
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Fig. 5. Nothern analysis of CYP-B3 in respond to chil-
ling, heat shock, 2,4-D and elicitors.

Further to investigate if the inhibition of hydroxylase
activity by Cyt P450 inhibitors is due to transcriptional
or post transcriptional regulation, total RNAs extracted
from control and induced cells, and elicitor+ancymidol
or ketoconazole-treated cells were hybridized with **P
labeled CYP-B3(Fig. 6). Specific accumulation of the
transcripts corresponding to CYP-B3 mRNA was detec-
ted at about 1.5 kb, whereas that of sesquiterpene cyc-
lase was 1.8 kb as previously reported®”. Regardless
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Control cell
Elicited(12h) cell

Elicitor+350uM ketocornazole

Elicitor+100uM ketocornazole

Control cell
Elicited(12h) cell

Elicitor+100uM ketocornazole

Elicitor+100uM ancymidol

Fig. 6. Nothern analysis of CYP-B3 and cyclase in res-
pond to Cyt P450 inhibitors, ketoconazole and
ancymidol. Cell cultures were incubated in the
absence or presence of cellulase plus indicated
concentrations of ancymidol and ketoconazole
for 12 h prior to isolating total RNAs.

of concentrations applied, induction of transcripts corre-
sponding CYP-B3 and sesquiterpene cyclase genes by
elicitor treatment were not affected by ancymidol treat-
ment. However, 100 uM ketoconazole completely inhi-
bited the expression of CYP-B3 and sesquiterpene cyc-
lase transcripts, whereas as 50 pM did not inhibit elici-
tor-induced gene expression. As previously explained in
the biochemical analysis of enzyme activity, treatment
of 100 pM ketoconazole completely suppressed hydrox-
ylase and sesquiterpene cyclase activity due to cell
death by lethal concentration. This suggests that absence
of transcripts in 100 uM ketoconazole treated cells is
not due to the mhibition of gene expression by this che-
mical but due to cell death resulting in blocking all bio-
chemical processes in the cells. We concluded from this
result that inhibition of enzyme activity of hydroxylase,
as one of Cyt P450 dependent enzymes, is not involved
in transcriptional level. In addition, sesquiterpene cyc-
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lase was insensitive to exogenously applied ancymidol or
ketoconazole in the lower concentrations than lethal
dose. Furthermore, the inhibition of extracellular capsi-
diol production in elicitor-treated tobacco cell suspension
cultures by these chemicals is attributed to a post trans-
lational inhibition of hydroxylase(s), the enzyme(s)
which hydroxylates the sesquiterpene cyclase reaction
product giving rise to capsidiol.

Discussion

We have successfully cloned partial sequence of the
cDNA, corresponding to Cyt P450 gene families, uni-
quely expressed in elicitor-treated tobacco suspension
cells using RT-PCR strategy and cDNA library screening.
Even though we recognized elicitor-inducible gene or
mRNA in tobacco cell, it is still unclear that the gene
is specifically responsible for the synthesis of enzyme
catalyzing the hydroxylation of EAS giving rise to capsi-
diol production in tobacco cells. However, northern ana-
lysis demonstrated that the transcripts corresponding to
CYP-B3 were not detected in control cells, but detected
at 6 and 12 h after elicitor addition. The patterns of
CYP-B3 mRNA accumulation were highly correlated
with the time course changes of enzyme activities during
cell induction, suggesting that CYP-B3 is related to the
production of enzyme catalyzing the hydroxylation of
EAS(unpublished data). There is about 6 h differences
between maximal accumulation of CYP-B3 mRNA and
maximal enzyme activity in elicitor-treated tobacco cells.
This result suggests that transcriptional induction of
CYP-B3 precedes by approximately 6 h the peak in hy-
droxylase activity, as might be expected for a transcrip-

1.2 suggested

tionally regulated gene product. Frank et a
that the long lag between mRNA accumulation and ma-
ximal enzymatic activity corresponds to the time during
which Cyt P450 is post translationally attached to its
heme ligand, inserted in microsomal membranes, and

coupled with NADPH-Cyt P450 reductase, its electron
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transfer partner. Although we have not accurately mo-
nitored the proportions of two transcripts between CYP-
B3 and sesquiterpene cyclase, relative to one another,
visual intensity of autoradiography on northern blot su-
ggested that CYP-B3 transcripts are significantly lower
abundant than the sesquiterpene cyclase transcripts in
elicitor-treated tobacco suspension cells. Moreover, accu-
mulation of CYP-B3 and sesquiterpene cyclase transcri-
pts is highly associated with activities of corresponding
enzymes, at least in respond to elicitor treatment. It is
likely that induction of hydroxylase gene previously re-
quire for the induction of sesquiterpene cyclase, as a
proceeding enzyme for the biosynthetic pathway of cap-
sidiol production. Several studies demonstrated that the
transcripts corresponding to Cyt P450-dependent genes

are specifically accumulated in the plants such as alfalfa

23,24) 25,26)

and pea in respond to fungal elicitors.

The levels of sesquiterpene cyclase and CYP-B3 trans-
cripts in elicitor-treated cells were not affected by ancy-
midol or ketoconazole treatment at lower concentration
than lethal dose. In the enzyme assay experiment, ses-
quiterpene cyclase enzyme activity was insensitive to
those chemicals, whereas hydroxylase activity was grea-
tly inhibited in a dose dependent manner. However, in
northern analysis, induction of CYP-B3 and sesquiter-
pene cyclase transcripts by elicitor treatment was not
affected by ancymidol and ketoconazole treatment. This
result suggests that the inhibition of extracellular capsi-
diol production in elicitor-treated tobacco cell suspension
cultures by ancymidol and ketoconazole is due to the
post translational inhibition of hydroxylase.

A sequence homology search of CYP-B3 against Gen-
Bank data base showed significant homology to a num-
ber of Cyt P450 gene families, indicating that CYP-B3
is a member of group of these genes responsible for tra-
nslation into protein which may catalyze the hydroxyla-
tion of EAS in elicitor-treated tobacco cells. Comparison
of deduced amino acid sequence for CYP-B3 with
known Cyt P450 gene families in other plant species

also showed high identity, and an open reading frame
of the CYP-B3 contains the conserved FxxGxRxCxG
heme-binding region for Cyt P450 gene. However,
amino acid sequence of CYP-B3 is only corresponded to
about 239 amino acid upstream from C-terminal poly-

peptides of about 500 amino acid residues as compared

to Cyt P450 genes from Phaseolus aureus®®, Glycin max

(GenBank accession No. X92437), Zinnia eleganse(Ge-
nBank No. U199%?, Pisum sativum® and Helianthus tu-
berosus'®. This results indicate that full length of CYP-
B3 may be about 1.5 kb gene encoding about 500
amino acid for the polypeptide of about 50—60 kDa.

Further studies on the characterization of gene expres-
sion in relation to the hydroxylation activity of EAS and
function of encoded protein to be expressed by full le-
ngth ¢DNA in the elicitor-treated tobacco cells, as well
as genomic gene and its promoter, remains to be eluci-
dated.
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Cloning of Elicitor-Inducible 5-epi-Aristolochene Hydroxylase in Tobacco Cell Suspension Culture
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