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Cytochrome P450 (CYP) gene has been known to
play one of the most important roles in metabolizing
the exogenous materials. In insect, CYP is particu-
larly known to detoxify toxic materials by adding
oxygen molecule to the hydrophobic region of the
materials. Thus, CYP-dependent metabolism is asso-
ciated with the adaptation of insect to host plant
chemicals. This in turn is known te be one of the driv-
ing forces for CYP diversification. In the present
study, we cloned seven gene fragments of CYP 4
(CYP4) family from the midgut of the beet army-
worm, Spodoptera exigua, through RT-PCT. Sequence
analysis of the product showed the gene fragment to
contain an open reading frame of ~ 150 amino acids,
consisted of ~ 450 bp. The cloned gene fragments
contained typical, conserved regions found in CYP4
family. Pairwise comparison of the deduced amino
acid sequences among seven clones ranged in diver-
gence from 0% to 52.86 % and resulted in five distinct
clones. The other two clones were identical or differ
by one amino acid respectively to the corresponding
clone, although each differed by ten nucleotides.
Analysis of correlation between GenBank-registered,
full length CYP4 and the cloned fragments resulted in
statistically significant relationship (r? = 0.96085;
p < 0.001), suggesting utility of the partial sequences
as such full-length sequences. Phylogenetic analysis
of the clones with GenBank-registered insect and
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mammal CYP4 family sequences by parsimony and
several distance methods subdivided the clones into
two groups: ones belonging to CYP4S and the others
to CYP4M families.
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Introduction

Living organisms are always exposed to external materials
that are toxic to the host as well as essential for energy
production. Living organisms, thus, have evolved to
develop a system of detoxifying toxic materials. Insect is
one good example that had successfully adjusted to the
environmental change by developing detoxifying system
against host plant (Pichersky and Gang, 2000). Once
plants invent a second metabolite, which kills insects as a
defense system, insects again find a key system against
this metabolite. This is the mechanism by which insects
and plants have co-evolved. One of such key found by
insects is a system, which transforms hydrophobic second
metabolite of plant into hydrophilic compound (Schuler,
1996; Scott et al., 1998).

In general, hydrophobic material is absorbed into the
tissue faster and remains longer in the tissue than hydro-
philic material. Thus, detoxifying procedure means a
process that changes the hydrophobic material into the
hydrophilic material. Detoxifying procedure is divided
into Phase I and Phase II. One of the enzymes repre-
senting Phase I is Mixed-Functional Oxidase (MFO).
MFO includes all the enzymes that make the substrate
hydrophilic by adding one molecule of oxygen to sub-
strate (e.g., cytochrome P450 and cytochrome P450
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dependent reductase). Cytochrome P450 (CYP) exits as
families and insect has families CYP4, CYP 6, CYP 9,
CYPI2, and CYP28 (Scott et al., 1998). Although fam-
ilies 6, 9, 12, and 28 are specific to insect, family 4 is
found commonly in vertebrates, plants and microorgan-
isms. This wide distribution of CYP4 family allowed
ones to believe that all the CYP families were evolved
from common origin. At present, many of CYP genes
have been identified in a diverse insect species, but their
detailed function is still in question. CYP6D] in housefly
{Lee and Scott, 1992; Liu and Scott, 1996; Korytko and
Scott, 1998) and CYP6B family in the Papilio species are
known to have a function related to resistance to pyre-
throid insecticide and to metabolism of furanocoumarin
in host plant, respectively (Cohen et al., 1992; Hung et
al., 1995). In case of CYP4 family, it has been known
that gene expression in Drosophila is enhanced by treat-
ment of alkaloid, suggesting that CYP4 family is also
related to metabolism of exogenous material (Danielson
et al., 1998).

The beet armyworm, Spodoptera exigua, is a pest found
in a welsh onion and has more than one hundred host
plants. Thus, we think that CYP4 family may be important
genes in adaptation of S. exigua to various host plants. In
this study, CYP4 family gene fragments were cloned from
the midgut of the species and relations of the genes to
other CYP4 subfamilies were discussed.

Materials and Methods

The larvae of the beet armyworm, Spodoptera exigua,
were obtained from the Department of Crop Protection,
The National Institute of Agricultural Science & Tech-
nology, Rural Development Administration, Korea.

RT-PCR, cloning and sequencing

Midgut of S. exigua was extracted and washed in 1 x SSC.
It was frozen in the liquid nitrogen and ground into fine
powder. Total RNA was isolated from 30 mg of midgut
power by using Total RNA Extraction Kit (Promega).
Total RNA was identified by electrophoresis and quanti-
fied by measuring UV absorption at 260 nm. Degenera-
tive primer was designed on the basis of the conserved
region of CYP4 family protein (Table 1). The primer
sequences are as follows: CYP4 up-primer, S-GA(C/T)
ACITT(C/TATGTT(C/TGA(A/GYGGIGA(C/T)AC-3 and
CYP4 down-primer, 5-GC(A/G)AA(T/C)TGICC(A/G/T)
TTIC(T/G)IGGICC-3, where I indicates inosine.

The first strand of cDNA was synthesized by PCR at the
condition of 45°C for 45 min and 94°C for 2 min, fol-
lowed by 40 cycles of 94°C for 30 sec, 45°C for | min,
and 68°C for 2 min. The final extension was performed at
68°C for 9 min. PCR products were identified on 0.7%
agarose gel. The expected product bands were excised
from the gel and dialyzed for elusion. The PCR products
for sequencing were cloned into pGEM-T vector
(Promega). Plasmids were extracted by using Wizard plus
SV Miniprep Kit (Promega) and successful cloning was
detected both by 0.7% agarose gel and enzyme digestion
(EcoR I). The plasmids were sequenced using an auto-
matic sequencer (model 377, PE Applied Biosystems).

Data analysis

Nucleotide sequences of S. exigua clones were compared
to protein sequences incorporated into GenBank by using
BLASTX program on the NCBI Blast Server. Sequence
identity among full-length CYP4 and among partial CYP4
were performed in the Clustal W (ver. 1.8; Jeanmougin et
al., 1998). PAUP (Phylogenetic Analysis using Parsimony)
ver. 3.1 (Swofford, 1993) was used to infer possible phy-

Table 1. Conserved regions of CYP4 gene of insect species utilized for primer design

Species Upstream Family type = GenBank Accession number References
(T;?f];‘;jisc‘;ffzgf‘;;’h) g:gggi’[gfg;?;;il CYP4CI P29981 Bradfield e al. (1991)
Fgf[‘)f;;p?:zl;;‘;fgt (;)‘Ch g:ggrg?g&?gﬁv CYP4C7 AAC69184 Sutherland ef al. (1998)
f;"“"nillyanogaster) g:ggrgﬁ%{l?&i CYP4D2 AAB71182 Unpublished
Flr)l.]i;fell};nogaster) g:gggrgfggI?F&?N CYPAD2 Q27589 Flrgl;l\; snd Alatorisey
Tabacco hornworm N-DTFMFEGHDT-C CYPAM? 366374 Snyder ef al. (1995)

(Manduca sexta) C-GPRNCIGQKFA-N

Bold-faced letters indicate identical amino acid residues among insect species compared.
Sequences at the upper line at each column represent conserved sequences in the upstream region and those at lower line represent

conserved sequences in the down stream region.
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logenetic relationships among CYP4 family sequences homologous CYP4 family gene of house mouse, Mus
cloned in this study and the GeneBank-registered CYP4 musculus (GenBank accession number Q64462; Imaoka
family sequences of some insects and mammals. The et al., 1995), was used as an outgroup. The reliability of

60
clone 1 SaTACGRICE  WENTGAGES GEACBATAGC MOGGEGAGTE  GGTEGACGEN  TTGCTRCAYG
clone 2 SACRECITTE  TGEITGATGE GEACGECACC  BEGGEGAGTG  GGTRGACTEE  TTGCTTTATS
clone 3 WITRICIITE RCECEE @ATRATouT Wcﬁmﬁ CTCYCGTTHL TGGACETATG
clone 4 @ThicYec: TERETERGEE @CHRTcER  RETGHAncaE  TGCBCTGTEY  CATGR¥CHEY
clone 5 STRicErra MDCANGERE GMBCUETAGT BGTGEATCAR GACRTACTSJ CTTATRTALG
clone 6 S\cBicircs %’x‘g@ﬁ ac CGEA  RCARBCTTAE CTCETACTE® TGGCTHGATE
clone 7 WICRGINTR  MPCaKcEs THSTAET REAGHAATGE CACSCGTTEE TGGACETATG

120
clone 1 CTGTPABGAC  ATCHATARAGA TGCACRBBAC AAAAYPCGTAG  ATGAATTGABR  AGAAGETCTTG
clone 2 CTGTHABMAC ATCETAARGE TGCALHBEEAC AARAJCGTAG ATGENTTGAS  AGAAGTCTEG
clone 3 TTGCYABEAG ACCATCCAER AGTAGHEEAR CGGAITTACG ARBMTGTCR  GACGARCCEG
clone 4 AGACYGEEGA WCGRACCTRA AATACRBBAT TCGGEAGCTG AARGHECTARR  AAGTATATIT
clone 5 TTGCRAMICA ATCETCCAER AATTGREEAC AAAGPTGTAA GTGRMCTCA§ TGACATATEC
clone 6 CTGTYGEUTG ATCATGAABR TGTACRMERG CGCAYCTACG AGEEETGCCE  AACGATCCHG
clone 7 TTGCTABEAG KCCETCCAGA AGTACRABGRA CGGATTTACG ARGANTGTCE  GRCGATCCTG

180
clone 1 GSAGATTTTA  AACGTCCAAT  CACAATTGAA  GATCTACCGA CTTGGAGCGT
clone 2 GGABATTTTA  BACGTCCAAT  CACAARTGAA  GATCPACCGA CTRGGAGCGT
clone 3 GETGATTCAG ACACATCTCC  AACGRRGTCT  GATCYGGCTG TCEGERGGCA
clone 4 GUCBACAGTC  AACGACCTCC  TACCCPTGAA  GACTTGAGTC CCEGGACTGT
clone 5 %CTCGC BACGTTGGGC  ATGCARGAAC  GECTRGCCAA CTRAGACCGG
clone 6 GETHACTCAG BACA---CGT  GACGARGTCC  ABTCEGTCCG TTYGGAGGCA
clone 7 GGTBATTCAG ABCACATCTCC  ARCGAPGTCT  GATCYGGCTG TCHGGAGECA

240
clone 1 CG&{‘G‘;’TAAGG BATCGTTGCG ~ GTTGTACCET CCAGTGCATY  TTATCAGTAG  GAGCTTGCAC
clone 2 AATCGTTGCG 5 CCAGTGCATT  TTATCAGTAE  GARGCTTGCAC.
clone 3 BAATCTTAAG ACTGmccQG AGTGPGECGE PCATTGCCCH  GGAGGTGACT
clone 4 RGTCGCTCCH TCTC%C%‘S AGCQQ@CACQ STATGTCCAG  ATGTTTTACT
clone 5 prBAMAGE RGTCACTGCE  TATGERCH CCG C® JCARTAGTCE GARRACTGAAC
clone 6 GT@A@C@G@ BAATACTGCG  ATTGEECCEC  AGCHYE ,CTQ PCAYTGGACE  AGAGATCACT
clone 7 GTTAYCARAG AAATCTTAAG ACTGTATEEG AGTGPECCGE PTATIGCCCE  GGAGGTGACT

300
clone 1 GARGIETGTGA  TATEGA@TGR CTACTTAGTA CCAGCTGGAA @ATTCTGCCA  TATACATATC
clone 2 GAAGETGTGA  TATPGAGTGA CTACTTAGBA CCAGCTGGAN #ATTCTGCCA  TAPACATARC
clone 3 GRGGACTTTA TGTPAGRAGHA TGTCCTGGYA  AAGARAGGTE QAGAAGTATC  AABCCACA§A
clone 4 GAGGATGTGA AGTPAGBCGA TGTCACAGTA  CCATACGACE CAATGTGCCA  TTCAACGEG
clone 5 GACGAAACAG  TATEAAGTAA TCACACAATA  CCTGCCAGTA  CATTGTGTCA  CAYACCAATA
clone 6  GRAGATTTTA AGCYGGGTGA CATRACAGTG AAGRAGGGTA  CGACAGTGGA  CGTCCACATC
clone 7 GAAGACTTTA  TGTTGGGAGA TGTCCTGGTA  AAGAAAGGTA  CAGAAGTATC  AATCCACATA

360
clone 1 TATGACTEGE ATEGCCAACC GEATTYATTC CCCARCELTA  ACARGIICGA  CCETGACABA
clone 2 $ATGACTEGE ATEGCCAACC GEATTTATTC CCCAACOCTA  ACAAGTHCGA  CCCTGACAGA
clone 3 $ACBACCHGE ATEGTCTGCC ARBATHEGTAT  GGAGECHEGG  KGGCATECAA  GCGGRAACGG
clone 4 FTCGACAPAE ATCGCAATCC  GBETATATTC CCGGACHNGG  AGARAGTPCAT  ACCGBAACGA
clone 5  FACGACCYGE ATCATCGAGA GBATTTGTTC CCGAACEETG  AAGTATTTGA  CCCTGACCGG
clone 6 TACGRGCEGE AcgcrcGeeC  THECARGTTC  EEGGEGRECG  AGRAGTRCAT  GEGGGAGCGS
clone 7 TACBACCTGE ATCGTCTGCC  AGAATTGTAT GCAGACBEGG AGGCTTTCAA  GCCGEAACEG

420
clone 1 TTCETGCCTG  AGAACAGTGT  TGGAAGACAT CCCTATGCTT  ACATCCCCIT  TAGTGCGGGL
clone 2 TTCPRGCETG  AGAACAGTGT  TGGAAGAGHY WCCTATGETE ACANCEQCET  TAGTGCGEGE
clone 3 TTCEP--CAA  TCAACAACC- ---GACACAT COGCTACHECY TTGHGECTET TAGTGCTGGC
clone 4 TPTEYGCECG  AAAACTGTGT  TTCGCGTGHY CFATATECTT  ACATACCATT  TAGTGTTGGC
clone 5 TTCCYACCAG  AARATTGTGA  AGGAAGACAT CUTTATEEAY ACAYACCGET TAGTGCTGGC
clone 6 PICEE--CGG  CACGGAGAT-  ---GRAACHF GETTACGETE ACGIGRCGET CAGCGCTGEC
clone 7 TTCCP--CAR  TCAACAGCC-  ---GACACAT CECTACGUCT TTGTGECT'TT TAGTGCTGGC

449
clone 1 GHRICUCHATT  GCAZAGECCA  GAAATICGC
clone 2 CHGAGEARTY  BTRETHNONA  AKBARICES
clone 3  $REHCHGENTT  STREANGRCR  GHAGRITES
clone 4  OMBCEENNTT  CTESAMER  ApEAmNCEC
clone 5 EBEANEMINCR  GTHCHEGEA  AmmammTRe
clone 6 HRGCECAETY SCREABRIER GRARYYCEE
clone 7 SECCRCRRTT GTRICBETER GRRATETEE

Fig. 1. Alignment of cDNA segment of seven CYP4 gene fragments from Spodoptera exigua. Identical sequences are boxed with
gray color.
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the trees was tested by 100 iterations of bootstrapping
(Felsenstein, 1985). As an alternative to the parsimony
analysis, we used subprograms such as NEIGHBOR,
KITSCH, and FITCH incorporated in PHYLIP (Phylog-
eny Inference Package) ver. 3.5¢ (Felsenstein, 1993). To
obtain phylogenetic tree, the data set was first iterated 100
times using the subprogram SEQBOOT. Next, the iterated
data set was run using the subprogram PRODIST to
obtain distance matrix between pairs of amino acid
sequences. Individual trees from each distance matrix
were obtained using the subprograms and a consensus tree
representing reliability at each branch was obtained using
the subprograms CONSENSE, respectively. Input method
was chosen for random input in the NEIGHBOR and glo-
bal rearrangement for FITCH, but jumbling option was
omitted to save computer hour in all cases.

Results and Discussion

Cloning, sequencing and characterization of the CYP4
gene fragments

Purified CYP protein from a diverse organism showed the
presence of a conserved region in the protein, called heme
site (Scott er al, 1994; Snyder et al., 1996; Feyereisen,
1999). The site is consisted of four of its residues (F--G-
--C-G) and recognized as a signature motif of cytochrome
P450. Along with this site, CYP4 family has one more
conserved region. This region corresponds to a portion of
helix I in the tertiary structure of cytochrome P450cam,
which is distal to the heme and is thought to be important
in the activation of molecular oxygen and catalysis (Scott
et al., 1994; Snyder er al., 1996; Feyereisen, 1999).
Sequence alignment of a few cytochrome P450 CYP4 sub-
families from the cockroach (Blaberus discoidals), the
pacific cockroach (Diploptera punctata), the fruit fly
(Drosophila melanogaster), and tabacco hormworm
(Manduca sexta), in fact, revealed these two highly con-
served stretches of amino acid (Table 1). In order to clone
the genes of cytochrome P450 CYP4 family from the mid-
gut of S. exigua, degenerative primer was designed on the
basis of these conserved sequences (Table 1).

From the midgut of S. exigua, we obtained a PCR prod-
uct with ~ 450 bp (base pair) by RT-PCR (data not shown)
and this fragment was cloned into pGEM-T vector
(Promega). Twenty colonies were selected, and sequen-
ced, and eventually provided us seven gene fragments
with the size of 440 bp, 443 bp, and 449 bp (Fig. 1).
Among the seven clones, clones 1 and 2 were variable in
ten nucleotide sites (data not shown), but differ by only
one residue in terms of amino acid (Table 2). Clones 6 and
7 also showed ten nucleotide difference (data not shown),

Table 2. Pairwise comparison among partial amino acid sequ-
ences of the seven clones of CYP4 family gene from Spodop-
tera exigua midgut

1 2 3 4 5 6 7

Clone 1 - 0.67 4324 36.00 28.67 47.14 4490
Clone2 1 - 4324 3533 2933 47.14 47.14
Clone3 65 65 - 44.59 4797 28.57 28.57
Clone 4 54 53 67 - 36.67 47.86 47.86
Clone5 43 44 72 55 - 52.86 52.86

Clone 6 71 71 43 72 79 - 0
Clone7 71 71 43 72 79 0 -

Numbers above the diagonal are percent divergence; numbers
below the diagonal are actual numbers of amino acid difference.

but identical in their deduced amino acid sequences (Table
2). Excluding these similar clones (clones 2 and 7), amino
acid divergence among them ranged from 28.57% (43
amino acid residues) to 52.86% (79 amino acid residues).
Considering substantially large amino acid difference
among the five clones, the very similar clones, 2 and 7,
appear to be allelic variants to clones 1 and 6, respectively.
The length of the protein ranged from 147 to 150 amino
acid residues including primer sequences (Fig. 2). All of
the deduced amino acid sequences contained the regions
found typically in all CYP4 families: ®OKE-LR®-P,
where @ is hydrophobic amino acid and a PERF motif (P-
RF) (Fig. 2).

Correlation between partial and total fragments of
CYP4

From the beginning, because we aimed to clone only the
fragments of CYP4 family using conserved sequences in
the CYP4 family, utility of such PCR products may not
necessary reveal accurate levels of sequence homology
among them and among organisms as the full-length
genes do. More fundamentally, designation of the partially
coned sequences may not confidentially provide the basis
for the assignment of the given sequences to the existing
type of the gene. This may be especially true when the
partial data are utilized for the inference of evolution and
multigene family diversity. Thus, we obtained ~ 40 Gen-
Bank-registered full-length amino acid sequences of
CYP4 family and investigated correlation of the levels of
partial amino acid sequence homology to the full-length
sequence by statistical analysis (Fig. 3). The result showed
a high correlation between total and fragment amino acid
sequences of CYP4 family (r* = 0.96085) and the estimate
was statistically significant at the level of P < 0.001. Thus,
this partial sequence of CYP4 family can be confidentially
used to predict full-length sequence identity and this
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clone 1 $asct  THCFE | LiaHE
clone 2 9asGE  THcrM  I¥HH
clone 3 (7) $AvMAE VHGLE LEADH
clone 4 JATVE CHEHVAB REENE
clone 5 PASGE THLFNM LE@ND
clone 6 fTLALR THGLM  LIRDH
clone 1 DLPKM MMEER RVEES
clone 2 DLPKM HMEEC RVEES
clone 3 (7) DLAENM #¥8rn VvINEI
clone 4 DLSQY E¥oc CIENsS
clone 5 DLPKM M#DR CIKES
clone 6 LSD-M S¥Ern VIREI
DOKE -
clone 1 PAGPF CHIHI  YDLHR
clone 2 PAGHF CHIHI  YDLER
clone 3 (7) KKGPE VSIHI  YDLHR
clone 4 PYDPM CHFNV  FDIHR
clone 5 PASPL CHIPI  YDLHH
clone 6 KKGET VDVHI  YELHR
129
clone 1 BERYI EESA
clone 2 BYAYI HESA
clene 3 (7) Bikrv  HESB
clone 4 BIAYI pESX
clone 5 BYAYI BESA
clone 6 PYAYI PESK

40

KDA@D KIVDE LKEVL @@CKR PITTE
KDA@D KIvDE LKEVL @BCKR PITTE
PEVBE RIYEE CQTIL HB#isSpT SPTMS
PEAZID SVAEE LKSIF @&BSQOR PPTLE
PEIGD KVVSE LNDIF REOSQR WACMN
EDVEE RIYEH CQTIL 8BBSEH VTMSN
80

PEuEI SESLE  EDVIEL  SDYLV

PUHEI SESLH EDVIEL SDYLV

SYP¥I AMEVT EDFME GDVLL

sYufM SHCFT  EDVKE  GDVTV

PYHET SHEKLN DETVE  SNHTI

SYPEI REEIT EDFKL GDITV
] , 120

QPDLF BNENK FDEDR ELPEN  SVGRH
OPDLF BNBNK FDPDR FEBPEN  SVGRE
LPELY #DPEA FKPER ¥BLQQ PT--H
NPDIF MDBEK EIBER BBPEN CVSRE
REDLF #NBEV FDEDR ¥LPEN  CEGRH
RADMF HEBEK FMBER FLGTA MK--H
P-R F

GPRNICGQKFA-C
(primer sequences)

Fig. 2. Alignment of deduced amino acid sequences for the CYP4 gene fragments from Spodoptera exigua isolated by RT-PCR.
Identical sequences are boxed with gray color. The common “®®KE-LR®-P” and “P-RF” amino acids in the CYP4 gene are bold-

faced, where @ is hydrophobic amino acid.
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Fig. 3. Interrelationship between the percent identities of
whole CYP4 proteins and the percent identity of the fragment
of the proteins.

resultantly can be further utilized for the inference of the
phylogenetic relationships of the cloned CYP4 family
sequences.

Relationships among clones and other insect CYP4
family
For the understanding of the phylogenetic relationships

among cytochrome P450 CYP4 family from the diverse
organisms, GenBank-registered data were extensively
searched, and those with enough length were selected and
trimmed for phylogenetic analysis. This effort resulted in
a total of 33 amino acid sequences. These were 26 CYP4
family gene sequences from insects, one from crayfish,
and six from mammal species. Their GenBank accession
number, scientific name, type of CYP4 family, and their
references are listed in Table 3. Pairwise comparison
among these CYP4 family genes including six clones
from this study resulted in amino acid sequence diver-
gence ranging from 0.33% (5 amino acid residues) to
62.9% (96 amino acid residues) (data no shown). The
least divergence was observed in a comparison between two
sequences of Drosophila melanogaster (GenBank number
AAF47649 and AAB71182), belonging to the same fam-
ily, CYP4D. The highest divergence was observed in a
comparison between one of the D. melanogaster (Gen-
Bank number AAF48426; CYP4S) and Mus musculus
(GenBank number NP_31848; CYP4A).

To infer phylogenetic relationships of the cloned CYP4
family sequences to the previously reported gene family,
33-GenBank-registered CYP4 family genes and five cloned
CYP4 family sequences (clones 1 and 2 and clones 6 and
7, respectively, were treated as each one clone because of
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Table 3. List of CYP4 family gene sequences obtained from GenBank

GenBank
Accession Common name Scientific name Family type Reference
Number

1. AAD33076 Cotton bollworm Helicoverpa armigera CYP4S1 Unpublished

2. AAD33075 Cotton bollworm H. armigera CYP452 Unpublished

3. AAD33080 Cotton bollworm H. armigera CYP4M4 Unpublished

4. AAD33077 Cotton bollworm H. armigera CYP4G8 Unpublished

5. AAD33078 Cotton bollworm H. armigera CYP4GS Unpublished

6. S66374 Tabacco hornworm Manduca sexta CYP4M2 Snyder er al. (1995)

7. AACO03111 Australian termite Coptotermes acinaciformis CYP4Ul Unpublished

8. P29981 Tropical cockroach Blaberus discoidalis CYP4CI] Bradfield et al. (1991)

9. AAF70178 Red flour beetle Tribolium castaneum CYP4Q4 Unpublished
10. AAC69184 Pacific beetle cockroach  Diploptera punctata CYP4C7 Sutherland er al. (1998)
11. AAF70496 Red tlour beetle Tribolium castaneum CYP4Q7 Unpublished
12. AAD41103 Red house mosquito Culex pipiens pallens CYP4 Unpublished
13. AAD41104 Red house mosquito C. p. pallens CYP4 Unpublished
14. AAF48049 Fruit fly Drosophila melanogaster ~ CYP4GI15 Adams er al. (2000)
15. AAF58091 Fruit fly D. melanogaster CYP4AAl Adams er al. (2000)
16. AAF57098 Fruit fly D. melanogaster CYP4C3 Adams et al. (2000)
17. AAF48426 Fruit fly D. melanogaster CYP4S3 Adams et al. (2000)
18. AAF52233 Fruit fly D. melanogaster CYP4AC2 Adams et al. (2000)
19. AAF52232 Fruit fly D. melanogaster CYP4ACI Adams et al. (2000)
20. AF52234 Fruit fly D. melanogaster CYP4AC3 Adams et al. (2000)
21. Q9V559 Fruit fly D. melanogaster CYP4P3 Adams ez al. (2000)
22. Q27589 Fruit fly D. melanogaster CYP4D2 Frolov and Alatortsev (1994)
23. AAF50549 Fruit fly D. melanogaster CYP4D8 Adams et al. (2000)
24. 046051 Fruit fly D. melanogaster CYP4D14 Adams er al. (2000)
25. AAF47649 Fruit fly D. melanogaster CYP4D20 Adams et al. (2000)
26. AAB71182 Fruit fly D. simulans CYP4D2 Unpublished
27. AF091117 Spinycheek crayfish Orconectes limosus CYP4Cl15 Dauphin-Villemant ef al. (1999)
28. U39206 Norway rat Rattus norvegicus CYP4F4 Kawashima and Strobel (1995)
29. U39208 Norway rat R. norvegicus CYP4F6 Kawashima and Strobel (1995)
30. AACO08589 Human Homo sapiens CYP4 Unpublished
31. NP_001073 Human H. sapiens CYP4B4 Simpson (1997)
32. NP_031848 House mouse Mus musculus CYP4A14 Heng er al. (1997)
33. Q64462 House mouse M. musculus CYP4Bl1 Imaoka et al. (1995)

their sequence similarity or identity) were subjected to
PAUP and PHYLIP analyses. Parsimony-based PAUP
analysis (Fig. 4) showed that the five clones obtained in
this study were subdivided into two groups: one including
clones | (2), 4, 5 and the other including 3, 6 (7). The sub-
division and clustering were somewhat robust in that each
group was supported by relatively high bootstrap values
(63 and 98, respectively). The first group included two
types of CYP4S from cotton bollworm (GenBank num-
bers AAD33076 and AAD33075) and one type of fruit fly

(AAF48426), and the second group included each one
type of CYP4M from cotton bollworm (AAD33080) and
tabacco hornworm (S66374) (Fig. 4). This result suggested
us that the midgut of S. exigua clearly possesses at least
two subfamilies of §. exigua CYP4 sequences by this anal-
ysis. PHYLIP analysis by neighbor-joining method also
supported presence of two subfamilies among the clones
obtained in this study (Fig. 5). However, CYP4S from fruit
fly (AAF48426) was placed at a different group contain-
ing several other CYP4 subfamilies (Fig. 5). This sepa-
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S. exigua

* Clone 3
98

AAD33076  H. armigera (CYP4SI)

33 83 95 Clone 6 (7) 8. exigua
AAD33075  H. armigera (CYP4S2)
AAF48426  D. melanogaster (CYP4S3)
95 Cione 1 (2) 8. exigua
74 AAD33080 . armigera (CYP4MY)

Clone § . exigua
566374 M. sexta (CYP4M2)
Clone 4 8. exigua
AAD33077  H armigera (CYP4GS)
AAF48049 D, melunogaster (CYP4GIS)
AAD33078  H. armigera (CYP4G9)
AFOSIILT O limosus (CYPHCI5)
P29981 B. discotdalis (CYP4CI)
AAD41104  C. p. pailens (CYP4)
AAF57098  D. melanogaster (CYP4C'3)
AAC69184 D, puncrata (CYP4C7)
AAF58091 D melanogaster (CYP4441)
AACO3LL] . acinaciformis (CYP4UT)
4 AAFT0L78 T castaneum (CYP4Q4)
21 r_E AAFT0496 T castaneum (CYP4Q7)
L AADAI03 € p. paltens (CTP9)
AAF52233 . melanogaster (CYP4AC2)
— 97 AAFS2232 D, melunogaster (CYP4ACT)
83 AFS2234
;_ QIVs59 D. melanogaster (CYP4PC)
100 Q27589 D. melanogaster (CYP402)
86 AAB71182  D. melanogaster (CYP4D2)

84

D. melanogaster (CYP4AC3)

AAF5054%  D. melanogaster (CYP4D8)
56 046051t D. melanogaster (CYP4D14)
'___. AAF47649 D melanogaster (CYP4020)
U39206 R norvegicus (CYP4F4)
AACO08589  H. sapiens (CYP4)

NP 001073 M. musculus (CYP4B4)
U39208 R norvegicus (CYP4F6)
NP 031848  #. sapiens (CYP4B4)
Q64462 M. muscudus (CYP4B1)

Fig. 4. PAUP analysis of 38 CYP4 family genes. The tree
shown is an unordered tree obtained with the option of “retain
groups with frequency <50%" by majority-rule consensus of
one most parsimonious tree from the heuristic search. The
numbers shown on the branches represent bootstrap values for
100 replicates. Tree length is 1,424 steps, Consistency Index is
0.515, and Retention Index is 0.535. The arrow indicates the
place of clustering of the cloned CYP4 gene with the gene
from other species.

100

ration instead clustered the remaining members more
robustly (100% of bootstrapping value). These phyloge-
netic analyses consistently suggest that the clones 1 (2), 4,
5 are belonged to CYP4M family and clones 3 and 6 (7)
arc belonged to CYP4S family. Although we also per-
formed other distance-based analyses (e.g., FITCH and
KITCH), we did not present here because the topology
obtained from these analyses were almost identical to the
analyses provided here.

In conclusion, we report here molecular cloning of two
subfamilies of CYP4 from the midgut of the beet army-
worm, Spodoptera exigua by RT-PCR. Seven fragments
were successfully amplified using the degenerative prim-

Clone § §. exigua

Clone 1(2) 8. exigua

AAD33080 H. armigera (CYP4M4)
$66374 M. sexta (CYPM2)
Clone 4 S. exigua

AAF70496  T. castaneum (CYP4Q7)
AAF70178 T castaneum (CYP4Q4)
AADAL103  C. p. pallens (CYP4)
AAD33078  H. armigera (CYPIG9)
AAD33077  H. armigera (CYP4G8)
AAF48049  D. melanogaster (CYP4G15)

AF091117 O. limosus (CYP4C15)
AAF57098  D. melanogaster (CYP4C3)
100 AAD41104  C. p. pallens (CYP4)
] P29981 B. discoidalis (CYP4CT)
AAC69184 D punctata (CYP4CT)
AAF58091 D melanogaster (CYP4AAT)
5 AAD33076  H. armigera (CYP4S1)
*] 00 Clone 3 §. exigua
160 AAD3307S  H. armigera (CYP4S2)
Clone 6 (7)  S. exigua
2 AF52234 D. melanogaster (CYP44C3)
49 _4. o 100 g AAF52232 D melanogaster (CYP4ACT)
| AAF52233  D. melanogaster (CYP4A4C2)
QIV5s9 D. melanogaster (CYP4PC)
27 100 AABT71182  D. melanogaster (CYP4D2)
9t Q27589 D. melanogaster (CYP4D2)
77 AAF50549  D. melanogaster (CYP4D8)
7 68 046051 D. melanogaster (CYP4D14)
37 AAF47649 D melanogaster (CYP4D20)
AAF48426  D. melanogaster (CYP4S3)
AACO3111  C acinaciformis (CYP4UT)
44 1J39208 R. norvegicus (CYP4F6)
39206 R. norvegicus (CYP4F4)
100 100 NP_001073 M. musculus (CYP4B4)
AACO8589  H. sapiens (CYP4)
Q64462 M. muscufus (CYP4B1)
NP 031848 M. sapiens (CYP4B4)

Fig. 5. PHYLIP analysis of 38 CYP4 family genes. The tree
was obtained using the subprogram NEIGHBOR incorporated
in PHYLIP. The tree was rooted using Q64462 (CYP4BI; Mus
musculus). The number shown on branches, which represent
bootstrap values for 100 replications, were obtained using the
subprogram CONSENSUS. The arrow indicates the place of
clustering of the cloned CYP4 gene with the gene from other
species.

ers designed from conserved regions of other homolo-
gous, insect gene sequences, and the presence of typical
conserved region was also found. Phylogenetic analysis
confirmed that clones 3 and 6 (7) are belonged to CYP4S
family, whereas clones 1 (2), 4, and 5 are belonged to
CYP4M family.
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