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Three cytochrome P450 (P450) cDNAs were isolated from an eggplant hypocotyl cDNA library using eggplant CYP75 ¢cDNA as a probe. These

c¢DNAs have greater than 65% identity in their amino acid sequences, indicating that they belong to the same family. Comparison of these with

P450 proteins from other sources showed that the protein with the greatest degree of homology is CYP71, isolated from avocado fruits (~ 48%).

We concluded that they are novel members of the CYP71 gene family (CYP71A2, 3 and 4). We have examined the level of mRNA transcripts from

the CYP7] family in eggplant hypocotyl tissues and petunia flower buds, and found that the level of transcripts is developmentally regulated in
the flower bud.

Cytochrome P450; cDNA sequence; Hypocotyl; Solanum melongena; Petunia hybrida

1. INTRODUCTION

Cytochrome P450 (P450)-dependent monooxyge-
nases have been studied extensively in animals, bacteria,
yeasts, and fungi. Many members of the P450 superfa-
mily, mostly from animals, have been characterized
with respect to their primary structure and substrate
specificity [1]. In contrast, with the exception of CYP7!
from ripening avocado fruits [2], CYP72 from cultured
periwinkle cells [3] and CYP73 from mungbean and
Jerusalem artichoke [4,5], there is scant information
about P450s in higher plants. In plants, P450 enzymes
are known to catalyze major oxidative reactions leading
to the synthesis of secondary metabolites, such as phe-
nolics, membrane sterols, phytoallexins and terpenoids
[6,7]. A number of pathways in which the P450 enzymes
participate produce only a small amount of end prod-
uct, for example the gibberellins, and as the result of the
low level of enzyme activity analysis is difficult. More-
over, since P450 enzymes are tightly bound to the mem-
branes, purification and analysis of their structure and
function is also difficult. In fact, only CYP73 has been
assigned with a precise function [4,5], while the physio-
logical functions of CYP71 and CYP72 remain unclear
[2,3,8]. We have cloned a P450 cDNA (CYP75) from
eggplant hypocotyl tissues, and it was observed that the
accumulation of anthocyanins and the RNAs involved
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in their synthesis, including CYP75, was controlled by
UV light [9].

Here, we describe the structure of novel P450 cDNAs
which are members of the CYP7] family, and describe
their expression in the eggplant and petunia.

2. MATERIALS AND METHODS

2.1. Materials

Eggplant seeds (Solanum melongena cv. Sinsadoharanasu) and petu-
nia seeds (Petunia hybrida cv. Blue star) were purchased from Tohoku
seeds Co., Japan and Sakata seeds Co., Japan, respectively. [a-
32PJdCTP (specific activity 1.1 x 10'* Bg/mmol) was obtained from
New England Nuclear. Nylon membranes were obtained from Amer-
sham. A cDNA synthesis kit and an in vitro packaging kit were
purchased from Stratagene. Restriction endonucleases were pur-
chased from Toyobo Biochemicals, Tokyo and New England Biolabs.

2.2. Cloning and sequencing

Poly(A)* RNA was isolated from the hypocotyl tissues of eggplant
seedlings as described previously [9]. A cDNA library was constructed
from the poly(A)* RNA using the vector A ZAPII according to the
Stratagene cDNA synthesis kit. The 0.6 kb fragment covering the 3’
region of the CYP75 cDNA (from the Apal site in Fig. 3e to the 3’
terminus: EMBL accession number X70824) [9] was labelled with
[x-*P]dCTP, and was used as a probe. Approximately 2 x 10° plaques
were screened under hybridization conditions of low stringency
(5 x SSPE/S x Denhardt’s solution/1% SDS/100 ug per ml of dena-
tured salmon sperm DNA at 42°C for 24 h; washing in 2 x SSC/0.1%
SDS at 42°C). In the case of high stringency screening, hybridization
and washing were performed at 65°C in the solution mentioned above.
The DNAs isolated from positive plaques were subcloned in vivo into
pBluescript, using the helper phage, VSCM13 (Stratagene). The DNA
was deleted for sequencing by digestion with appropriate restriction
endonucleases, or exonuclease III (Takara Shuzo Co., Kyoto) [10].
DNA sequencing was performed for both DNA strands by dideoxy
chain-termination methods, using a Sequenase II kit (United States
Biochemical) with [2-?P]dCTP, or a fluorescent-dye-based cycle se-
quence system (Applied Biosystems). Sequence comparison was car-
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TTTGAAGGCTACCCAAATCTTGATTTCATTGTACCAAAAA -1
ATGGATGTCCCCTGTCTTTGGTATTCTCTTCTAATTCTTCTGCTTCTCTTCATTTTCCTCCTAAT TCATCACTGC TTTACTACTTCAAAG 0
M DV PCULWY SsSLL ILLIULLPFTIFULLTIUHKHCTEFTT S K
ACCCAARATATGTTTTTACCACCATCTCCAAGAAAGCT TCCCATCATAGGAAAT T TGCATCAACT TGGGTCGCATCCTCATCGTTCTCTT 180
T Q NMF LPP s PRKILZPTITIGN NILUHBOQLGSHZ&PHR SL
CGTAAACTATC TCAARAAATATGGTCCAGTGATGCTACTTCACCTCGGCAGTAAGCCAGTGATTGT TGCT TCCTCTGT TGATGCTGCTCGC 270
R KL S Q¢ KYGGPVM LLH LGS KP VIV ASS VDA AR
GATATCCTGAAAACTCACGATCACGTCTGGGCAACCAGACCTAAATACAGCATCGCTGATAGCCTCTTATATGGCTCCAAGGATGTCGGA 360
D I L KT HDHVWATRPIKYS IADSLIULYG S5 KD VG
TTTAGTCCCTTTGGTGAATATTGGTGGCAAGTTAGAAGTATTGTCGTGCTTCACCTTCTCAGCAATAARAGAGTTCAGTCTTATCGCGAT 450
F S P FGEYWWOQVRSTIVVL HLULSNI KR RV QS Y RD
GTCAGAGARGAAGAAACAGCGAATATGATTGAAAAAAT TAGGCAAGGATGTGATGCTTCGGTGATAARATTT GAACATTTATGTTTC 540
VREE EETANMTIEI KTIRUOQGCDASUVINLGEIU HBLTCTF
CTCACTAATAACATAACTAGCAGAGTGGCCTTAGGGAGGACATATGATGARAGGGARAGTGGAATAGATGCAAAGGACATCCTAGAACAR 630
L TN NTI T SR VALGRTYDEIRESGIUDA AIKTDTITLES?Q
TTTCTTCAACTTTTGGATACTTTTAACGTTGGGGAT TATATTCCGTGGCTTAAATGGGTCAATAAAATCACTGGTTTAGATACCAAAGTG 720
FLQLLUDPTVF NVG DYTIPWILI KWVDNEKTITGTLDT KWV
GAGAAAATAGCTAAAAAGTTGGATACATTTTTAGATAGTGTAATTGAAGAACACATTAT TAGGARTAAGAAAGARGAATACGCAATTACT 810
EKI AKX KULDTVPFULDSUV IEEU HBTITIRNIEKIEKETETYH-ATIT
GATGARGCTAAAGATT TCGTGGACGT TTTGCTGGAAAT TCAARATGGAAAGGAAACTGACT TTCCTCTTCARAGGGATTCGTTGAARGCT 900
DEA KDV F VD VLZEL EIOQCNGIKTETT DFPTILO ORUDSTILZKA
ATCCICTTGGATGCTTTTGCCGCTGGAACGGATACAATATATACAAATCTAGAT TGGACAATGGCGGACGT TTTGAGGCAGCCAAGGGCC 990

I LLDAFAAGTD T TTIVYTNILTD®WTMAUDTU VTLRZQPRA
ATGAAAACATTACAGAATGAAGTGCGAGGATTAGCTCAAGGAAAATCAGAGATAACAGAGGATGATC TARAAGAATATGCAGTATCTGAGA 1080
M XKTULOQWNEVRGLAQG KSEITTET DTDTLIEKNMMOQYTLR
GCTGTTATCAAGGAGAGCCTCAGGCTTCATCCACCGAATTCACTAT TAGT TCCTCGAGAATCAATGGAAGACGTGAAATTATTAGGCTAT 1170
A VI KE SLRILHPPNSLLVPRESMETUDUVI KTLTILGY
TATCACATACCTGCTAGAACCCAAGCCCTTATCAATGT TTGGGCGATTGGAAGAGACCCCT TATCATGGGAAAATCCAGAGGAATTCTGT 1260
YHIPARTO QA ALTIWNVWAIGI RDU?PULS WENUZPETETFSC
CCAGAGAGGTTCTTGAATAATGATATCGATATGAAAGGACTAAAGTTTGAGTTGCTTCCAT TCGGATCTGGCAGAAGGGGCTGCCCAGGA 1350
PERVFLNNDTIDMIEKSGLI KTFETLTLUPTFGSGRURGTCTUPG
AGTAGTTTTGCTATTGCGGTGATTGAGCTAGCAT TAGCGAGGCTCGTGCACARATTCAATT TTGCAT TACCAAAAGGGACAAAACCAGAG 1440
$ S F AI AVIELALARTLVHI KT FNTFALZPI K GTI KPE
GATTTGGATATGACTGAATGCACCGGCATCGCTACTCGTAGGAAATCGCCCTTGCCAGT TGTGGC TACTCCAT TCTCTGGTTAGT TGGGA 1530
DLDMTECT 6IATRRIKSPTILPVVATZPTFEF S$G ¥
GATTTTTCTCCATGCCTCATTAATCAATGTTATCAATTAAAT TTAGTTCCCAGTATTTCTAGTAGTGTCATAATTCCACAATATGTAATA 1620

AGTGTAATGGCCGACTCCCCTTTTGAGIGTGTGTATATATATTATGTTGCATTAATTATA. | . (PolyA) 1680
A
CTCGTGAAAATTCGGAACAAAAATCTTGATACCAAAAA -1
ATGGATGTCCCCTGTCCTTGGTATTCTCTTCTAATTCCTC TG TT TG TCTTCATTTTCCTCCTAATTCATCACTGCTTCTTTACTACTTCA kY
M DV PCPWY SLL IPLTFVFTIFILLIHHECTFTFTTS
AAGAAGCAAAATATGTTATTACTACCATCTCCAAGAAAGC TTCCAATCATAGGCAAT TTGCATCAACTTGGATCGCTTCCTCACCGTTCC 180
K KQ NMLLLUPSPRIEKTLZ PTITIOGNTLHBSQULGSULPHRS
CTCCATAAACTATC TCAAAAATATGGTCCAGTCATCCTACTTCACT TTGGCAGTAAGCCAGTGATTGTTGC TTCCTCTGTCGATGCTGCT 270
L HX LS QKY 6GP V MLLHFG S X P VI VAS SVDARA
CGTGATATCATGAAAACTCACGATGTTGTT TGGGCATCCAGACCTAAATCCAGCATAGT TGATAGACTCTCATATGGCTCCAAGGACGTT 360
R DI MKTHD VVWASRZPIKSSsSIVDRILSYGSK KDV
GGATTTAGTCCCTTCGGTGAATAT TGGAGGCGAGCTAAAAGT AT TACCGTGCTTCACCT TCTCAGCAACACGAGAGT TCAATCTTATCGT 450
G F S PF GEY WRRAKS ITVLHILILSNTRUVOQS YR
AATGTCAGAGCAGAAGAAACAGCGAATATGATTGGAAAAATTAGGCAAGGATGTGAT TCCTCAGTGATAAATT TAGGAGAACATTTATGT 540
N VR AE ETANMTIGEKTIURQ@GCD 5 S5V INTLGEHRTLSC
TCCCTCACTAATAACATAAT TAGCAGAGTGGCCTTAGGGAGGACATATGATGAAAAGGAAAGTGGAATAGAGCACATCATAGARCAATTT 630
S LT NNTITISRVALGRTYDEIEKTES SGTIEHTITIEQF
GTTGAACTTTTGGGTATTTTTAACGTCGGGGATTATAT TCCGCGGC TTGAATGGGTCAACAAATTCACTGGTT TAGACGCCAAAGTGAAA 720
VEL LG IV FNUVGD YIPRLEWYVYNZKTFTGLDAIKVK
ARAGTAGCTAAAGAGTTGGACATG TTCT TAGAGATTGTGATTGAAGAACACATTATTCGGAAGAAGARAGAAGAATACACCAGTACAGGT 810
KVAKETLDMTPFLETIVIEEHITIRIEKE KT KEETYTSSTG®G
GAAGCTAAAGATTTCGTGGACGTTTTGC TGGAAATTCAAAATGGAARCGARACTGACTTTCCTCTTCAAAGGGAT TCATTGAARGCTATC 900
EAXK DPF VDV LLETIOQNTGNETDT F®PLQQRD SLZKATI
CTCTTGGATTCGTTTGCTGC TGGAACGGATACAACATT TGCAACTC TAGATTGGACAATGGCGGAGC TT TTGAGGCAGCCAAGGGCCCTG 990

L LD SF AAGTDTTTPFATLUDWT MAETLTLIR RUGOQPR AL
AAAACATTACAGGATGAAGTGCGAGGATTAGC TCAAGGAAAATCAGAGATAACAGAGGATGATCTAAAGAATATGCAGTATCTGAGAGCT 1080
K TL QD EVRGLAUOQOGIE K SsSETITEDTDLI KNMM®Q@YTL RA
GTTATCAAGGAGAGCCTCAGGCTTCATCCCACGCAGGAATCACTATTAGTTCCCCGAGAATCAATGGAAGACGTGAATTTATTAGGCTAT 1170
VI K ES LRLUHPT QE S LLV PRESMETDVNLTLGY
TATCACATACCTGCTAGAAC TCAGGCCATTAT TAATGC TTGGGCGATAGGAAGAGACCCCT TATCATGGGAAAATCCAGAAGAGTACCAG 1260
Y HI PARTOA ATITINAWA AIGT RTDUPLSWENUPETEYQQ
CCTGAGAGATTCTTAAATAGTGATGCTGATGTCAAAGGACTAAACTTTAAGCTACTTCCAT TTGGAGCTGGTAGAAGGGGCTGCCCAGGA 1350
P ER FLNSJSDA ADU VK KGLNTFIZEKTLLUPTFGA AGRRGTCPG
AGTAGTTTTGCTATTGCGGTAATTGAGC TAGCATTAGCGAGACTTGTGCACAAGTTCGATTTTGCAT TACCAGAAGGGATAAAACCAGAG 1440
$ S F AI AVIELATLARTULVEHEIKTFUDTFATLTPESGTIZKTZPE
GATTTGGACATGACTGAAACCATTGGCATCACTACTCGTAGGAAATTGCC TTTGCTAGT TG TGGCCACTCCATGCTAGGAGTTTTTICTC 1530
pD LD MTETTIGITT®RRIKLEPTILLVVATTEPTC *
CATATCTTCCTGCATCTAGCTACATCAGTGATCTTCTTCACCAATATTATCAACARAAC TTAGTTCCAAGTATTGCTAATATTAGTTAAT 1620
AATTTCAAAATATGTAGTAAGTACTGTACTGGTCGACTCCATTTTT TGGTGTTGATTTCTACATCTATGTTATGTIGTTTTATACA. . . . 1705
(polyA) B

Fig. 1. The nucleotide sequence and the deduced amino acid sequence of CYPEG2/CYP7144 (A) and CYPEG4#/CYP71A42 (B). The amino acid

sequence deduced from an open reading frame is shown below the nucleotide sequences. Both cDNAs are polyadenylated. The nucleotide sequences

have been submitted to the DDBJ, EMBL and GenBank Nucleotide Sequence Databases with the accession numbers X70981 (CYPEG2/CYP71A44),
X70982 (CYPEG3/CYP71A43; only the deduced amino acid sequence is shown in Fig. 2) and D14990 (CYPEG4/CYP71A42), respectively.
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ried out using GENETYX software (Software Development Co., Ltd.,
Tokyo).

2.3. Southern and Northern blot analysis

Genomic DNA from eggplant (10 ug) was digested with restriction
enzymes, separated by electrophoresis, and transferred to a Hybond
N* membrane (Amersham) with 0.4 N NaOH. The membrane was
hybridized with a ¥P-labelled DNA probe made from each clone at
65°C, washed at 65°C in 2 x SSPE/0.1% SDS (low stringency) or in
0.1 x SSPE/0.1% SDS (high stringency), and autoradiographed.

Northern blot analysis was carried out as described previously [9].
Briefly, mRNAs from non-induced and white light-induced hypocotyl
tissues, in addition to mRNAs isolated from petunia leaves, and flower
buds at three developmental stages, were prepared. The developmen-
tal stage of the flower buds was determined by the length of the flower
buds (early, less than 20% of maximal growth; intermediate, 40% of
maximal growth; late, more than 80% of maximal length, which was
about 5 cm). Next, the mRNAs were separated on a 1% agarose gel
containing 2.2 M formaldehyde, and transferred with 10 xSSC to a
nylon membrane. The transferred RNA was hybridized with a *P-
labelled CYPEG2 DNA probe.

3. RESULTS AND DISCUSSION

A cDNA library constructed from poly(A)* RNA
from eggplant hypocotyl tissues grown under white
light followed by red light irradiation [9], was screened
with a 3?P-labelled CYP75 DNA probe by hybridization
under conditions of low stringency. One clone that was
isolated and named pE138 had a significant degree of
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homology with CYP75. Using this clone as a probe, the
c¢DNA library was rescreened under conditions of high
stringency. Several positive clones were isolated and
were classified into three groups, based on their restric-
tion maps and the intensity of their hybridization sig-
nals. The longest sequence isolated in each group was
sequenced. The 1720-bp insert of one clone CYPEG2
contains an open reading frame coding for a protein
consisting of 508 amino acid residues (Fig. 1A). The
insert of the clone CYPEGH4 is 1743 bp in length, and
contains an open reading frame encoding a protein of
506 amino acid residues (Fig. 1B). The primary struc-
ture of the CYPEG4 protein is 83% homologous to the
CYPEG2 protein. The insert of the third clone
CYPEGS3 is truncated at both the N- and C-termini, as
determined by comparison with the CYPEG?2 sequence,
but this truncated sequence has about 70% homology
with CYPEG2 and CYPEGH4. This indicates that these
P450s belong to the same gene family. A computer
search of SWISSPROT and GenBank databases
showed that avocado fruit CYP71 has the highest de-
gree of homology with these three eggplant P450s, se-
quence homology is approximately 48%. However, they
show less than 35% homology with CYP75 isolated
from the same plant. The amino acid sequences with the
greatest homology were found to be mainly located in

.....
.................

H MDVPCLWYSLLILLLLE‘IFLLIHHC~F~-—- TTSKTQMIEPSPRKLPI IGN’LHQI.GSHPHRSLRKLSQKYGPMLHL
: MDVPCEWYSLLIPLEVFIFLLIHHCFF-~~-TTSKKONMLLLE SPRKLP I IGNLHQLGSLPHRSLHKLSOK YGPVMLLHE
MAILVSLLFLATALTFFLIKLNEKREKKPNLPPSPPNLP I IGNLHQLGNLPERSLRSLANELGPLILLHL

LVPLFVE ILFLEKCEF TTSNNNKKLPPSPRKLP I TGNLEQLGLHPHRS LHKLSKKYGP VMLLHL

: GSKPVIVASSVDAARDILKTHDHWATRPKYSIADSLLYGSKDVGFSPFGEYWWQVRSIVVLHLLSNKRVQSYRDVREEB
: GSKPVIVASSVDAARD IMKTHDVVWASRPKSSIVDRLSYGSKDVGF SPFGEYWRRAKS ITVLHLLSNTRVQS YRNVRAEE
! GHIPTLIVSTAEIAEEILKTHDLIFASRPSTTAARRIFYDCTDVAFSPYGEYWRQVRKICVLELLSIKRVNSYRSIREEE
NRPKSKMADRLIYGSKDVSFSPHGEYWRQIRS ITVLHLLSNKRVOSYRAARERE

H TANMIEKIRQGC—DAS-VINLGEHLCFLTNNITSRVMBRTYD-ERESGIDAKDILBQFLQLIDTFNVGDYIPWLKWVNK
: TANMIGHIRQGC~DSS~VINLGEHLCSLTRNIISRVALGRTYD-EKESGIE~-HIIEQRVELLGIFNVGDY IPRLEWVNK
i VGLMMERISQSC~STGEAVNLSELLLLLSSGTITRVAFGKK YEGEEERKNKFADLATELT TLMGAFFVGDYEP SFAWVDY
: TSNMIEKLXQMSNSSSSATDLRDLFCWLAYNIINRVALGKKYNDEID-~~~AKATLDKFVELLGTENVGDY IPCLEWVNK

H ITGLDTK\’EKING(LDTFLDSVIEEHIIRNKKEEYAITDEAKDFVD’VLIEIQNGKETDE’PLQRDSLKAILLDAFAMTDT
: FTGLDAKVKKVAKELDMFLEIVIEEHTIRKKKEEY TS TGEAKDFVDVLLE IQNGNE TDFPLQROSLKATLLDSFAAGTDT
LTGMDARLKRNHGELDAFVDHVIDDHLLSRKANG-SDGVEQKDLVDVLLHELOKDSSLGVELNRNNLKAVILDMFSGGTDY
: ITGFDSKVDKVAKDLOTFLEFVIEAHMIRNEKEE~NRAGESKDLVDVLLE IQNGKETGFP IQRDSLKALLLDPFSAGTDT

..............

saskas

H HIPAR'I'QALINVWAIGRDPLSWENPEEFCPERI“LNHDIDM(GLKFELLPFGSGRRGCPGSSFAIAVIELALARLVW(F’NF
* HIPARTQAIINAWAIGRDPLSWENPEEYQPERFLNSDADVKGLNFKLLPFGAGRRGCPGSSFAIAVIELALARLVHKFDF
i HIPAKTRVF INAWAIGRDPKSWENAEEFLPERFVNNSVDFKGODFOLIPFGAGRRGCPGIAFGISSVEISLANLLYWENW

: ALPRGTKPEDLDMTECTGIATRRKSPLPVVATPFSG
1 ALPEGIKPEDLDMTETIGITTRRKLPLLVVATRPC

Fig. 2. Multiple alignment of amino acid sequences for CYPEG2, CYPEG3, CYPEG4 and CYP71. Matching sequences were determined using
the software mentioned in section 2. The period above the sequence indicates that three out of the four sequences are the same, the colon indicates
the position of residues conserved in all genes, and an asterisk shows the position of cysteine, conserved in P450 monooxygenases in the heme-binding

site.
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EG4

EcoRV sspi BamHI

EG3

Fig. 3. (a—d) Genomic Southern analysis under hybridization condi-
tions of high and low stringency. Genomic DNA from the eggplant
(10 ug) was digested with BamHI (lane 1), EcoRV (lane 2) or HindIII
(lane 3). The DNA was transferred onto a membrane and was hybrid-
ized with CYPEG?2 gene (a and b), CYPEG4 gene (c) or CYPEG3 gene
(d), and washed under conditions of low stringency (a) or under
conditions of high stringency (c, d). The EcoR1l/HindIIl fragments of
lambda phage DNA were used as a size calibration standard. (Lower
panel) The cDNA restriction endonuclease sites are shown. The arrow
indicates the coding region of each clone and its direction of transcrip-
tion,

the carboxyl-terminal region in CYP71, CYPEG?2,
CYPEGS3, and CYPEG4 (Fig. 2). It is known that this
region contains sequences highly conserved among
P450s, such as the heme-binding site [1]. In the amino-
terminal region, other conserved sequences, such as
amino acid residues 3650 (proline-rich segment), and
120-150 were found.

The cDNA clones of CYP75, CYPEG2, CYPEG3
and CYPEGH4 have different restriction maps (Fig. 3e).
Therefore, mapping followed by Southern hybridiza-
tion can be used to distinguish between each genomic
clone. Southern analysis under conditions of high strin-
gency showed that the CYPEG2 gene hybridized to one
or two bands (Fig. 3b). In contrast, under conditions of
low stringency, the probe recognized numerous bands
(Fig. 3a), including bands of the same mobility as were
observed under conditions of high stringency (Fig. 3b—
d). Each ¢cDNA hybridized to one or two bands of
different mobility, implying that each cDNA is encoded
by a single gene or a small number of genes. Although
the majority of the multiple bands could be correlated
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to the three cDNAs, there were residual bands which
could not be detected under conditions of high strin-
gency. Thus, it will be possible to isolate other cDNA(s)
by rescreening the library. These results, in addition to
the similarity in sequence indicate that these genes form
a family in the eggplant, and they belong to the same
family as CYP71. This is because genes in the same
family share greater than 40% amino acid sequence ho-
mology [11].

To study the function(s) of these genes, the expression
pattern of CYPEG?2 was investigated in the eggplant
and petunia. We showed that the CYP75 transcripts
accumulated by switching irradiation from red to white
in eggplant hypocotyl tissues, this was in agreement
with results obtained for other flavonoid biosynthesis
genes [9]. Northern analysis of mRNA isolated from
hypocotyl tissues before and after white light irradiation
indicates that the level of CYPEG2 transcripts re-
mained almost constant during both sets of light condi-
tions (Fig. 4a), implying that the CYPEG2 gene does
not respond to this change in irradiation.

Next, the CYPEG?2 gene transcripts in petunia plants
were studied using mRNAs isolated from leaves and
flower buds at various developmental stages. We could
detect a weak signal during the intermediate stage of
flower bud development, and a rapid accumulation dur-
ing the late stage, but could not detect transcripts in
flower buds during the early stage, or in young leaves
(Fig. 4b). This presents a striking contrast with the
CYP75 gene, which showed maximal expression during

a
12

Fig. 4. Northern analysis of the CYPEG?2 gene in eggplant hypocotyl

tissues and petunia tissues. Poly(A)* RNAs were prepared from non-

induced (a, lane 1) and white light-induced (a, lane 2 and b, lane 4)

hypocotyl tissues from eggplant, petunia flower buds of three develop-

mental stages (b, lane 1, early; lane 2, intermediate; lane 3, late) and

petunia leaves (b, lane 5). The mRNAs were transferred onto a mem-
brane and were hybridized with the CYPEG2 cDNA.
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the intermediate stage of flower bud development, as is
common with other flavonoid synthesis genes [9]. These
hybridization results indicate that the P450s described
here do not have a role in flavonoid metabolism. It is
suggested that the physiological function of avocado
CYP71 is the hydeoxylation of monoterpenoids [12].
Recently, Nebert and Nelson named CYPEG2, 3 and
4 as CYP71A4, A3 and A2, respectively (personal com-
munication). In the case of eggplant CYP7Is and the
homologous petunia gene(s), we suggest that they may
have a role in maturation, such as during flavor forma-
tion or other metabolite production specific to aging
tissues. This is because the tissues expressing these P450
genes were fully elongated, and suffered from senes-
cence when they were harvested. Another important
point is that the expression of this gene family is not
restricted to ripening fruits; it is possible that similar
pathway(s) may function in different tissues, such as
seedlings and flowers. This might provide us an impor-
tant clue to determining the function of these genes. In
order to study the function of these genes, we plan to
introduce them into plants and study their expression.
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