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Summary

In order to isolate genes related with ecdysteroids biosynthesis in plants,
patial cDNAs were cloned from the total RNA of Achyranthes japonica Nakai
using RT-PCR and sequence homologies of bases and amino acids were
analyzed between the cloned cDNAs and other cytochrome P450 family gene

which are known to be involved in ecdysteroids biosynthesis.

1. Nine degenerate primers were synthesised based on the homologous base
sequences which were selected from the results of multialignment of five
cytochrome P450 genes from plants and a putative ecdysone 20-hydroxylase gene

from an insect.

2. DNA fragments of which sizes are similar to those expected to be generated
from cytochrome P450 genes were successfully amplified from the single strand

¢DNA library when two degenerate primers among nine were used in PCR.

3. The partial c¢cDNAs obtained from PCR with degenerate primers were
reconstructed in pGEM-T Easy vector, transformed into E. coli and nucleotide
sequences were determined. Fourteen partial ¢cDNA clones showing unique base

sequences were obtained.

4. Six clones of the partial cDNAs among fourteen showed homology at the level
of amino acid sequence to the other cytochrome P450s which are known to be
involved in ecdysteroids biosynthesis. Of the six clones showing homology to
cytochrome P450 genes, four clones showed relatively high homology to a putative

ecdysone 20-hydroxylase gene isolated from insect.
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1.4 &

Ecdysteroidst 249 2398 8 s 8§48 7IA1 oA 2FEHE=EL
2 B#3 9t} (Fukuda, 1944). Ecdysteroidst <&olA AL & HUAD
(Butenandt & Kalson, 1953) W& A EdAM= v =< d (Nakanishi, 1966)
O #ge T3EY 23y B Aoz o484 A (Choust Lu, 1980).

Ecdysteroids &4 #Aol dis] TFoA e a3 Wo] dFHRAL Y HE
HNe %o A7Ho UAA @tk T35 M ecdysteroidst cholesterol2 -8 #
A 5] =4 (Rees, 1985) 2% cholesterol& AFAE + g7 dEo HEA
sitosterol, stigmasterol, campesterols& A# ¥ @4d3 #AE AA cholesterol
< AFAst Yt} (Ikekawa, 1985; Rees, 1985, 1989).

Z %ol A ecdysteroidsi= cholesterole] <18 @A £33 P AF #HAHH
t Aoz 4#A vk Cholesterold 4, §UAAHE HEIUA 4350
7-hydroxycholesterol, 7-dehydrocholesterol, 7-dehydrocholesterol 5,6 @ —epoxide,
5B —diketol, 58 -ketodiol, 3-dehydro-5 8 -ketotriol, 54 -ketotriol, 3-dehydro-2-
deoxyecdysone, 2-deoxyecdysone, 3-dehydroecdysone 59 FUAE Ax HFH
2 2 ecdysone® 20-hydroxyecdysone®] A%/d € vl (Grieneisen, 1993). A EoA =
mevalonic acid®l 4] squalene& A A A" cholesterolol A 33 FAS AR o
2 F4tslsle] ecdysone® 20-hydroxyecdysone®e] M= Aoz FAH3n
Aoy FLAES oy &3 #HHA UA &v (Grebenok & Adler, 1993).

Ecdysteroids®] A @4 ol+ cytochrome P450 familyol 48+ 4250 @3
B Aoz ¢dA Ao o] Ady £48L T% (Manduca sexta)) A ecdysteroids
A BAH F cholesterold 7,8-dehydrogenationd] B3 Ao 2 ¥dAd 9z
(Grieneisen, 1992; Grieneisen et al, 1993), cholesterol®] w©}z| g}t 2=4t3l A<
C-25, -22, -2 9128 A% E BAss Aoz delA sl (Kappler et al,1986,
1988, 1989). =& &% 9 ecdysteroids M4 HF4 F ecdysone®) 20-hydroxy-
ecdysone ( B —ecdysone E¥ ecdysteronef & E@7% oz $A8HE dA9



A= ecdysone 20-monooxygenase’® cytochrome P4502 2 R igo] 3t
(Smith, 1985). 2| & (Spinacia oleracea)?l = ecdysone 20-monooxygenase?}
cytochrome P450%) ©] ¥8x <t} (Grebenok, 1996). Zt@] i ecdysteroids®t %3
© 2 #A+¢ brassinosteroid®] AHA AR A A AMEGA W A U=,
o] brassinosteroid APHE WHEHQ £48 HFAE AX o]FojAu o] HAH
% 9] cytochrome P4500] #o3le Aoz &4 At} (Choe et al, 1998). ©]
# % cytochrome P4508 NADPH$} Q00 oj&32 o2 ALde Aoz A
t} (Chapple, 1998).

Ecdysteroids® A Ao #dste FAAE 2U74A EYHA Xd 2 199
W & (Locusta migratoria)® A ecdysone 20-hydroxylase® %A %+ cytochro-
me P450 family &8zt (54270 9] ofvlxit M E)7t A2 29 HAXL (Win-
ter et al, 1999), 4% (spinach)dlAl & 1998'd ecdysteroids®] A@4dol #43&
RNo R ZAEE cytochrome P450 familye 8 # A2 (657019 ofv] x4tA d)7t
g2 HY9 (Galbraith, 1998).

Cytochrome P450 family 3 24L& 19883 ol ¥d FAdFA F7rsde
o (Daniel et al,1991) A ENA= Z#Hel 71% o] H2AY cinamate 4-hydroxylase
7t 22949 ol% Z/1stx Utk (Holton & Lester, 1996). 7]%5 ol &€ ti# £
4 & cytochrome P450 family #+3AE @A L HAstn £43ld #3F% DNA
U RNA 971449 9six 229 HA=d cytochrome P450 ©¥j A& EA 3t
i, ERzAqAN FAA A dxn, AfELY FHARELY WAz EA
Hoj B8377F ol 53], 48l cytochrome P450& Stetaz 4a31A 4§
oA ] R AAZ AL oHg ¥ oy} AL FAFI oF. waA
DNAY RNAdA #AAE F293E molecular cloning '#o] ®e] o]§Hxu
Atk &A% molecular clonings ¥ 3 A< probeE Ztolol 3 probeE FHE
e AR 18 HE 4d9e oy} (Snyder et al, 1996). H T cytochrome
P450 family f A7 g0l Wol A7l gl o9 471 E& EUE PCR 7
HE olgste E&AHY ¥l o] 81 v}t 53] degenerate primerg ©]-&%
RT-PCR #¥o] ®o] Alg&5 1 &, o] ¥HL 4% mRNA &AM €2
ol 7h538tH, A HAAA ¥ NMEE FHA] E2YdE o)8d F U1,
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Z24d fAxY FdE A9 AIRE BYE F Udve FHe vk =@
cytochrome P450 family #3252 heme-binding domain®] consensus region2
2 2¢#A A9M N2 cytochrome P450 # A2 =249 ©] domaing °| 4%
degenerate primer&o] ®ol o]& 53 gt}
2 432 ecdysteroidsE AFPAs= Aoz 4l HFF (Achyanthes japonica
Nakai) © 2 % € ecdysteroids A& BEH 4 F FAAE A& nal Ax34
A A & Mol degenerate primerg& ©]4 3% RT-PCR ¥H& AlE3tded,
degenerate primer= ecdysteroids &4 #¥ FHA R cytochrome P450 family
FARZY FFEFAE o8t HASHAG. 28 HFSA HAA RNAE £
2] 3td dA7te cDNA libraryE A2 ¥ degenerate primer& Al8-3o] §3
A4E & screening 3HHATH oA o MAutd RE fFHAAY AVIMEE BN
¥ ecdysteroids ¥4 #d #3A % cytochrome P450 family #3223 4%
BE AL FE40 ¥ R AHAE 29



n. A= 2 3y

1. A EA4 =

1998 129 AFE= AFA oltF AA AFdEE £33 ofldA HEE
(Achyranthes japonica Nakai) A& AAsAT, AL #F¢ F 3-457F 4%
d A5 FEE WELE FE3xn, AAse HPLCE E43dd. 2 A4,
ecdysteroids §t o] 2600 g /g (wt/dry wt)o 2 v A ZRt} §dde] & AL
2 grtHo {5 & FEE AHA RNA F& o] &3t

2. Degenerate primer “d A

Degenerate primerg& dA 87 $8¢ £ GeneBank Entrez (http://www.ncbi.
nlm.nih.gov/Entrez)& A A3l 7)) b2 4 &9 cytochrome P450 family - A=}
378 ¢ steroid hydroxylase® €& A& #AA 17 2832 39 ecdysteroids
Agd #d #44 IHE AAsAY. M3 fAAe FASTA formate & @
olv] x4t 92 CODHOPE® Block Maker = 2 1% (http://blocks.fhcre.org/blo-
ckmkr-bin/makeblocks.pl)® Dialign 2 = 213 (http://bibiserv.techfak.uni-bielefe-
1d.de/cgi-bin/dialign2_submit) ¥ Gene-Doc ZTEZI1 L o] & 3o tZF R E (multi-
alignment)o] 2l2] H29 FFAHEL EH3AHUT. o] T FEA & &S 4A
83, CODHOPE®] primer 474 X223 % 394 5o HAAD obvxi A
dol ‘483t degenerate primer® A A5 tt. Primer A%< BioneerAl (seoul,
korea)ell ©] & 3 th.

3. RNA &
A A RNA® #%& Puissant 9 Houdebine (1990)¢] guanidium-thiocyanate—ph



enol-chloroform* ¥ & A}l %},

A2 01ge HetY LAAEAAN AAALE slete F v F A EY
ol &7131  denaturing £ [40M guanidium thiocyanate, 25mM sodium
acetate (pH 7.0), 0.5% sodium N-lauroysarcosine, 0.1 M 2-mercaptoethanol} 0.5 mé
g Hrtete #& Egesld. Efdo 2M sodium acetate (pH 4.0) 100 po ¢t
phenol : chloroform : isoamyl alcohol (25:24:1)& &% Wi EEE ¥ 158 ¢
Aol WA 4T, 10,000 Xgol A 1582 YA e s AEHE ZH2HA
Mz YAEEA $712, %9 isopropanol® ¥eol -20TolA 1241 F¢
W3 &e] RNAS AAAAC o] ABE 47T, 10,000 X gl A 1583 A4 &2 3l
@& RNA pelletd] denaturing 2 500 £& B0 ARG A F 49 AF& &
a5k Al fE2 8 RNA pelletE 9L F 718 75% Ad&= A 33t
At RNA pelletE 426X 1683 B =2A21 ¥ DEPC (diethyl pyrocarbonate)®
AdE FHFAN o -70Ce B#AEFAT. RNA A HFL  spectrophotometer
(Perkin-Elmer, Germany)olAl 260nme JF3 =& ZA3d AU, ANE F
A260/A280nm2] vl &o] 1.5-20 HH N & 2= RNATE cDNA 29 At
&t

4. RT-PCR

4-1. Reverse transcription

G A7t (single strand) cDNAE 278 #FHAAN £ A4 RNAZRH
M-MuLV-Reverse-Transcriptase (MBI, U.S.A.)& o) &3 @484 g7
cDNA 34 primerE mRNA® poly A tailo) 48 2 <l oligo dT (18mer)el 2] ¢
27mer M EE& AAT HOmers] F7IMEE AL T (Table 1). 499 27mer A
& oS #AHe] cDNA FEZ& 9§ PCRY reverse primerd @2 AL8-3F71 938
F7retAwt. ©d7te cDNA F4€& 939 HAA RNAS 1-5m AE % 100
pmol®] primer& 1pl H7}std 70Co) 583+ & A7) 3, 5X reaction buffer 4 ut
9 10mM dNTP 2 & #H7F, & 2971 18w7t 952 o248 #Hslsld 3



7Ce) 583 v A ZAt, o] y¥gEo] M-MulLV reverse transcriptase 40 units&
HA7rstd 37CoAA 608 WA, olF HEEE FAAIN MM 70CAA
1087 A& Ach dFolA 4% F -70Ce] R#A3EA PCR &l template
Z A3

Table 1. A primer used for construction of single strand cDNA library.

Primer Sequence Size
cDNA A 5 CAG GAA TTC GGG CAC TCG AGC TCA AGC s
MeT
primer ( CP) TTTTTTTTTTTTTTTTTT 3
4-2. PCR

PCRel& Tag DNA polymerase kit (MBI, US.A)E o°]&3t9ien 10X PCR
buffer 5, 10mM dNTP 5 £, forward primer®} reverse primer (100 pmols/ ut)
ZtzZt 1k, Tag DNA polymerase (5 units/ #£) 0.5 uf, template cDNA 1 & &%
B F F RN S0OmM g Eol4E AL o 9§ 89354} PCRe
denaturation 3 & 94Tl A 30%3}, annealing ¥4 -& 30%3F, extension #3E
72CAA 187e=2 s5t9g % 30 cycleg T334t PCR A8 S 15% agarose
geldl A A71FFetd 24 3dc}.

5. cDNA cloning

RT-PCR &9 M= v& d¥ Z#ZE 249371 9std pGEM-T Easy
Vector (Promega, U.S.A)E ©] &3¢t

RT-PCR 4&-& 7|9 53 cytochrome P450 family f 2 Ae 27|89} fAHE
band7t &<, ©o] RT-PCR 4&9 HE& A260nmolAH ZAso A&@ F

._6_



50ngs pGEM-T Easy Vector 22494 o] &34k, RT-PCR 4t&S% vectordl
A9l 3£ ligation ¥F-3+€ RT-PCR products 50ng, 2X rapid ligation buffer 5 uf,
pGEM-T Easy Vector 50ng, T4 DNA ligase Bunits/ ) 1 & & THFS ¥
ZF B7 107t B2 ol E Hted 4CoA 2% FR A

Ligation #1288 & ZZ37] 91do XL I -blue competent celld o] 8%t trans-
formationg AAFHev, FARL F2JE vector& HE37] Ado X-Gal
(5-bromo-4-chloro-3-indolyl- 8 -D-galactopyanoside, Promega, U.S.A.)% IPTG
(isopropyl- A —thiogalactopyranoside, Promega, U.S.A.)& ©]4 % white/blue 2
Y AMdS AAEA . Transformatione XL I -blue competent cell®& 20mM
CaCl; 200 -300 uoll @A F ligation WE§EE A7tstd A&l 0T F
7t 42Col A 907t transformations AA & LB A= 1mS H7Hsta 3
7CelA 5083 et MgFd e R3] 4548 Hen LB AAA
100 weol) & A=A Aok, Ampicilline 50 ppme] #7718 LB plate®] X-Gal (100 mg/5
ml dimethyl formamide) 50 ¢, IPTG (1g/50m¢ H20) 50 pb 9} AE A E =Ldd F
37°CoN A whokal g}t white/blue E2Y7F SAEHE O F 5 FRUE Hus
of 2 2tZS ampicilline 50 ppme] A7FE LB HAAu A 5meel 2% &gl g
ot

detuldd LB ¥1A 15mE AF F 4CoA 10000 xg2 302 F¢ 44 &
At AFAL AASHY AL pelletd] F7tE &A1 (50 mM glucose, 25 mM
Tris.Cl (pH 8.0), 10mM EDTA (pH 8.0)] 100 & A7}t nmwtgd F, £d40
(02N NaOH, 1% SDS) 200 4& #H7t38ld Efstz, €9 (BM potassium
acetate 60 m¢, glacial acetic acid 11.5m¢, H:O 285m¢) 150 ¢ #H7}sle] &3¢}
3-0% ¥t & WAEAAUIF 4THM bR F< 10,000 xg2 AR 4
e AT F AEETE o83 FAANAY 4THAA 10,000 xg2 58 Fo 9
HEZHSY 58S AAT F 70% e 1mE 713t DNA pellet& Al H 31
Feqg AMAst & AdzAFH 7] TE buffer (pH 8.0) 50 S #7113 %
pelletg =4 plasmid DNAE v},

detuFd LB WA A ®a], JAF plasmid DNAY €29 o7& &3
A3t pGEM-T Easy Vector? EcoRI R & dA9d ¥ insert® Felatgch

_7_



(Fig. 1). Al &AL Az EcoRI restriction enzyme kit (MBI, U.S.A)E ol &
3ok A ar-2e plasmid DNA 10 4, 10X buffer Y+/TANGO TM 4 i, EcoR
[ restriction enzyme 2 (10units/ )& EF T F 37CAA &% ur A2
F i8S BgAS A7l 9A 65T 2087 FUAT. o BH$EE 15%
agarose geldl A #A719%3q 829 4% € 1 AV|E A At

Xmn 1 2009
Nae |
Scal 1890 2710
n Oﬂ‘\ ni 1 start
Apa | 14
Aat 20
Aol | 59
Amp’ co
P PGEMS-TEAsy sz Bstz1 | 43
e e |
c

(3018bp) EcoR| | 52
Spel 64
coR | 70
Not | 77
BsiZ | 77
; Pst | 88
ori Sal\ 90
Nde | 97
Sac) 109
BstX | 118
Nsi| 127
141

T sps

Figure 1. pGEM T-Easy Vector circle map.



6. DNA 971449 474

DNA 289 97149 244 ¥ chain termination ¥ (Sambrook et al, 1989)
e o|gd9on, ALFexpress AutoCycle Sequencing Kit (Pharmacia Biotech,
US.A)E A&

Sequencing %r%-ol¥ DNA template 4 ug, reaction buffer 2, dNTP 54,
DMSO 2 uf, cyanine-labelled primer (25pmol/ u8) 2 48 EF T F F X975} 16
W =2 go)4 & As8 L, Tag DNA polymerase 2 uf (1.25 units/ pf) 8 & #
sttt 2 AE ddNTP(A, C, G, T) 27t Zrz A7t 4709 44234 4
W Udyo ge g weg £P3Avd. Sequencing & primere ALFred
M13-40 forward primer =& ALFred M13 reverse primer& A}43t%th. Seque-
ncing W$& denaturation #AE& 94TColA 15Z32F, annealing #3& forward
primer AF-8A] 65T, reverse primer Ab-& A 50Tl A 157}, extension #H4-& 7
2Co M 4022 3t % 36 cycled TH&A.

ol = sequencing W&ol ALE & primere] G714 €S VeI

ALFred M13-40 forward primer 5 -CGCCAGGGTTTTCCCAGTCACGAC- 3’
ALFred M13 reverse primer 5' -TTTCACACAGGAAACAGCTATGAC- 3’

eg FAA717] 4HA FA & (Deionized formamide/blue dextran)2 2
2t 40 A7V F 95Co 2-32 weAF I &AM ¥ F sequencing geldl
Fste 971MEE dQ3

Sequencing gel Z Aol urea 28g, acylamide/bisacylamide final 6%, 10X
TBE buffer 8w, 10% ammonium persulfate 400 «¢, TEMED 40 & &% ¥
% 97 80mfe] HEE Eol25E A7Mee TUE 6% acylamide/ bisacylamide
gelE A8 2 sequencing 7171 ALFexpress Auto Sequencer (Pharmacia
Biotech, U.S.A)E A3t}



7. 2454 =A

DNAS®}H oful =t g9 454 FAE NCBI2 Blast (http://www.ncbi.nlm.nih.
gov/BLAST)E ©|83t9 AAzgow, ofrldt F£EANX2) FFH 2AE A
DNA ¥7]1AM €9 translationg Expasy (http://www.expasy.ch/tools/dna.html) =
Z 19 translation toold o] &3 At EF F2YE FHAEL RE F4A0
7] qEA 5 FEY MEE 8o FFA FAEE PSI-Blast (http:/www.
ncbi.nlm.nih.gov/cgi-bin/BLAST/nph-psi_blast) = °] &3 4t}

NCBI®] Blast9} PSI-Blast 2 139 4 %4 ZAE %39 cytochrome P450
family 3 AE7 AFA0 dv Ao §A8 #4AEE degenerate primer A
AA DA 57 FHAAY] FEAHQA otvxAr NEG dFHE ¢ F A4F
4 ARE BANsRen dFAH A4 Dialign 2% GeneDoc T2I1HE o) 8¢
oo ada B33 E A v 4EAH IEE A dAEE oivit AY,
FASEAY G 7 d o it AE R gapd] HI&E2 JE o doidlai
=3

_10_



m 4% 2 33

R

1. Degenerate primer

RT-PCRo| A-&3% degenerate primer& A 7A157) $13o GeneBank Entrez&
At @AAA AR FHAAF AR UG HEY  cytochrome P450 family
A2 370 (1, 2, 4), ecdysteroids®t T2 H 2 F A brassinosteroid A &4 ol
goas Reg ¢dd AE F4A 17] 3), %9 ecdysone 20-hydroxylase®
FAEE FAZLG) 148 43899, 12 cytochrome P450 family #F A2 &
¢ AR AL B YoM ecdysteroids Al Bsts FAA A7IAM LA
el 3R Rel AR, Ad FEA cytochrome P4500] #o3te Aoz
gl A7 WE] A

Degenerate primer dAo] A48 FAAEL o3 o

1) Lycopersicon esculentum cytochrome P450 homolog ; dwarf (gi 1421741)

2) Arabidopsis thaliana cytochrome P450; DWAR (gi 1076315)

3) Arabidopsis thaliana steroid 22-alpha-hydroxylase ; DWF4 (gi 2935342)

4) Zea mays cytochrome P450-mediatedearly step in Gibberellin
biosynthesis ; DWARFS3 (gi 987267)

5) Locusta migratoria putative ecdysone 20-hydroxylase ; (gi 5106554)

57kA frAAY FEHHNE 27 #5%9 CODHOPES Block Maker X223
Dialign2 Z2 1% %2 GeneDoc TZ1YL o] L3l hFHEL A F AF
Aol =L 4598 AAs At (Fig. 2). Cytochrome P4502 heme @A o]7] o
%9 heme binding 449 AFEAE ¥z ARsEed, 2 9 FFAol
L 99 3F9E AP

AAE AEEHY olrjxAk A& EdI® 97FA degenerate primerE A A 3}

_11_



@l (Table 29) DPS1 ~DPS9), o}rlx4t M9 degenerarcy® 133l 3
el 3z dFste Al Y 947 F ehAY due] 977 8L AFEAHAE Ho|
A g e 4d 7%= Y 715 inosined AL&3hsh.

_12_



gi|1076315 :
GL1997267( :
gil1421741
gl12915342 :
g1[5106554 :

gl|1076315 :

gianr2e7]|
gijl421741

gil2936342 :
9115108554 :

411076315 :

gl|987267|

9111421741 :

gi12935342

qi15106584 :

111076315
gi|o87267]
111421741 :
Qi 12935042 :
115106554 :

gil1076315 :
gi1987267)

g111421741

gilae36342
$115108854

9111076315 :
gLi8a7287) ¢
111421741 ;
gi12936342 : -
115106554 :

gii107631E

qi(907267] :
oi11421741
gi12935342 :
9115106554 :

glI1076316 h
gi. 1997267 : NDEQ
gi11421741 : XEHG
g412935342 : PRI
gl | 5106584 :

Figure 2. Multialignment of amino acid sequence of plant cytochrome

P450s and putative insect ecdysone 20-hydroxylase using GeneDoc

program,

g11421741 - Lycopersicon esculentum ; dwarf

gi 1076315 ~ Arabidopsis thaliana; DWAR

gi 2935342 - Arabidopsis thaliana steroid 22-alpha-hydroxylase ; DWF4
g1 987267 - Zea mays ; DWARF3

kL]
62
a
.13
a0

93

t 138

91

118

LE]

i 167
212
i 166
;194
: 176

i 223
: 260
222
r 251
: 242

1 263
= i1z
: 258
N2
1 320

348
s
4

: 397
1 403

FLVELVRPA :

g1 5106554 - Locusta migratoria putative ecdysone 20-hydroxylase
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Table 2. Degenerate primer sequences designed based on the homology site of

plant cytochrome P450s and a putative insect ecdysone 20-hydroxylase.

Degenerate primer Sequence Size
Forward primer
Homology site Leu - Pro-Pro ~Gly - X -X-Gly - Trp - Pro
Primer (DPS 1) 5 CTG CCT CCG GGT AAA ATG GGT TGG CC 3’ 26mer
Homology site Gly - Trp - Pro
Primer (DPS 2) 5 GGW TGG CCW YTN CTN GG 3 17mer
Primer (DPS 3) 5" GC CCA CCA GGC TGG CCN YTN 3’ 20mer
Homology site Glu - Thr - Leu - Arg
Primer (DPS 4) 5 GTC ATH WAC GAR ACN CTN CG 3 20mer
Primer (DPS 5) 5" TGG GTG ATC TCC GAR ACN YTY TN 3’ 23mer
Homology site Phe - Asn - Pro - Trp - Arg - Trp
Primer (DPS 6) 5 TTT AAT CCT TGG AGA TGG 3’ 18mer
Homology site Phe - Gly - Gly - Gly - X - Arg - Leu - Cys
Primer (DPS 7) 5 TTT GGA GGA GGG CCA AGI CTI TGT 3’ 24mer
Homology site Tyr - Met - Pro - Phe - Gly - Gly - Gly
Primer (DPS 8) 5 TAC ATG CCN TTN GGN RBN GG 3’ 20tmer
Reverse primer
Homology site Phe - Gly - Gly - Gly - X - Arg - Leu - Cys
Primer (DPS 9) 3’ AAA CCI CCI CCC GGT TCC GAT ACA 5% 24mer
Primer (DPS 10) 3' CGA ACT CGA GCT CAC GGG CTT AAG GAC 5 Z7mer

_14_



2. Partial cDNA cloning

2-1. A3 RNA &9

HEFo FHAAM HAA RNAE FE3l9 1% agarose gelolA] #7149 EL A4
# A Fig. 3914 2] 2859 18S ribosomal RNA7Z} #¢l=le] A4 RNAZL &
29 AE & 7 YANL™ (Farrel, 1993), o1& dU7t9 cDNA &4 ol &3 At

Figure 3. Agarose gel electroporesis of total RNA extract

from seedlings of A. japonica.

_15_



2-2. RT-PCR

239719 cDNA libraryl A cytochrome P450 family & A 2] screening® 3k
o} forward primer®A cytochrome P450 family #3228 B E2HE ol &3l A
25 8702 degenerate primer (Table 22] DPS1-8)8& AL-83 3, reverse primer®
¥ cytochrome P450 family ##dzte] AFHEHE ol &3 AzE 149
degenerate primer (Table 29 DPS 9)¢} @7t ¢cDNA &4 Al oligo dTol |44
3 27/mere] M9 & o]&3so AFF primer (Table 29 DPS10)E Al&3to9
RT-PCR-& dA&gdtt. = @3, heme binding 999 A5H 92 FGGGXRLCY
YMPFGGG otrjx4it MEE& 7|22 A% DPS7#% DPS8E& forward primerZ
sk, DPS 10€ reverse primer2 3o RT-PCRE 4AA&49E d, 45& H499
©d7tg cDNA librarydl Al cDNAZF A3 & A7l9F2z2 U8 ¢+ U9
(Fig. 4).

RT-PCR 28 & 15% agarose gellA A719§® @#, DPS7 primers} DPS
10 primer& A48 7Z ¢ 100-500bpe] PCR AtE& #9A% 4+ A, DPS8
primer®} DPS10 primerg AM&% %9+ 100-800bpel PCR AHEE YU¥ +
AUt o1FA ttFE 27]9 bandEe) FAHE AL FGGGXRLCS YMPFGGG
A5 sl A degenerate primerg AAE o olu]xAitM A2 degeneracy
aHdte] AEAel A ¥ F7] WA A9 U= BF 7H5 ¥ inosined AbE
8 R7] Wi degenerate primer?} Fo]4de¢] 2 cDNAEE #7 FZHU7 d
o]}, & X5 cytochrome p450 family A AE 2] heme binding ¥ Yol A poly
A tail 7+A 9] A7)e] 3= 150 -300bpe] bandEE #QAHo &g FE2Y3

%4 .
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500bp>

Figure 4. Agarose gel electroporesis of RT-PCR products.
M : DNA marker. Lane 1:PCR products amplified with DPS7 & DPS 10 primer.
Lane 2:PCR products amplified with DPS 8 & DPS 10 primer.
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2-3. Cloning

RT-PCRE o]43t¢] & PCR A4ES2HH ¢ ddsE 37 Ao
pGEM-T Easy Vector 223& AA 8. 2183 XL1-Blue competent cell®]
transfomation @& ¥ X-Gal % IPTGE& ¢]&3% white/blue 224 AL& QA3
A}, X-Gale lactose®] FAMAEMN lacZ’ FAAY ¢@A YA HE B -galact-
osidase®] 9 # A glucosed} galactoseZ E#Ho A4 He AP EFo FHH,
IPTGE B -galactosidase A4 Fr=A ot} wekA X-Gal# IPTGE & & white
/blue 224 A& AANEH vectorel insert’} ligation S %1€ Wl A -galactosi-
dase A4 A2 sk 22U EC] A E e & o] &3 3 F2Y
g Awsav. 2 @5}, pGEM-T Easy Vectordl RT-PCR A EEol €24 € A
22 dAAE 30-40749 ¢k 22U E S

2-4. Insert %<1

stk 22UEL Z453 ¥, A plasmid DNAE 2& ¥ pGEM-T
Easy Vector?] EcoRl 99& dAdda 1.5% agarose geldlA A7|FE5F A
AEE2 8¢k F2YlH 224 E RT-PCR A4ES A% &+ Ay @d7=
cDNA library A%A] DPS 7 primer® DPS 10 primer& Ab&3te 94& RT-PCR
NEES pGEM-T Easy Vector2 224 & 73 $d+ 200-500bpe RT-PCR 4
BEo] vectord E=24YE AL #HUAY + giden, DPS8 primers DPS 10
primer& Al4&¢ 94& RT-PCR A2E$§ pGEM-T Easy VectorZ €24 % 7
Sl & 300-800bpe RT-PCR A&E0°] vectord] €24 d AE AT + AN
t} (Fig. 5, 6). W&t4 RT-PCR 4B E & 15% agarose geldd A7|9%550S o
g ER9 AEEo] pGEM-T Easy Vectord] 224 d RAeg FAHEHo o
29 A7IMES EAE + AU
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M1 2 3 45678 9101112131415 M

Figure 5. Agarose gel electroporesis of digested DNA with EcoR 1
restriction enzyme. M .DNA marker. Lane 1-15.DNA clones amplified with
DPS7 & DPS 10 primer

M 1234 56 78 9101112131415 M

Figure 6. Agarose gel electroporesis of digested DNA with EcoR I
restriction enzyme. M .DNA marker Lane 1-15:DNA clones amplified with
DP58 & DPS 10 primer.
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3. Partial cDNA9 ¢47] 2 olulx4t A 4E

pGEM-T Easy Vectord] 249 ¥ insert DNA2 F7]Hdg 9714 E 44
S %3 939t DPS73 DPS 10 primero] sjA Hdwg #4AEe 8
Al 4= DPS7 primer 7148 & E#st e AE2 & FEFAA (001 - 009)
971 d7IMEe] #AHAL, o8} FYLF 49 FAAG Mz g8 LA
gol=E it 28]z DPS 8% DPS 10 primere] 2l3fA Ade FAAE9 2494
+ DPS8 primer G714 E& E#32 gle Az e FE/44 (010 -014) 574
o g71Adol #UHUL, olEFH FAY 4AY FAHUA} AE OdE FEAN &
A= At

olEl g H& FHA 971 L& Expasy? translation tool& ol-§3td ofv| =4t
Mdz wodstqt. 2 43, DPS7 primer 9714 Gl ) Fae olv| At A H
A FA ZEAA 9 FEEAQ open reading frame® 7| 12-642 UEGoH,
DPS 8 primer H71M g #Zate ofv it MEAA F2 ZEZAAS] FEHQY
open reading frame?] ZL7]E 15-1132.& v}l vhebxtol,

d71MdE BAH 2H9 AA e Fig. 79 deuiglen, JE & AEE 7t
259 FE3H2Q open reading frameo| | Fd= G7] & olvx4 MEL& Table

3% 49 &t
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Figure 7. An example of sequencing result of the partial gene clone (001)

Bold lines : Primer sequence and stop codon.
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Table 3. Sequences of DNA and deduced amino acid of the partial genes
cloned with DPS 7 & DPS 10 primers.

Length
th of
Deduced amino acid of .
Clone DNA sequence amino
sequence DNA .
acid
sequence
sequence
5' ~ttiggaggagggocasggctgtgtgcaggatatcagttgge FEGGPRLCAGYQL A
taagttasatatictoatcttcgtgeattiggtagtaactcatt KLNIL IFVHLVVTH
Clone 1 ataattggtogtiggtacasceagatgastecattgttatggac YNXSLYQPDESI VM 192bp 64
ceteteecattococatetcaaggaatyocctttagagtgtetee DPLPFPSUGMPFR Y
tasaactopaattacataa- 3’ SPETPIT Stop

5‘-tttggaggaggyccaaggotgtggacaagacgegtgascag F GGG PRLWTRRV AR
aggtacgricacatgoatgaacaacctetactecttttotectt S TFTCMNHLYSFS P

Clone 2 grtcettantocasaguygnct tagecgogetactogaceacas CSLIQROLSRAPRPE  g5hp 62
gratggostotaggottogagascastotatetetogagtgees CAWNP LGFENNLSLE
gaattertga-3° CPNS Stop

5'~tttogaggagggccanggctgtattottctottgottcteg FOGGPRLCSSLASR
agtgccogaattectgantogaattcoogeyucogeeatggegy VP EFLNRIPAAANA
cSgopagestgegacgtoguocoaategecctatgay’ X GSMRRRAQFAL 123bp

Stop

Clone 3 41

5’-tttogaggagogccanggetatgttopgttetycagagate FEO G PRLCSVL QR 8
Clone 4 atattotac ttaacttttocagts gctoasgpagt YSTXINFSSQKLIEKG 105bp 35
catattttttaagaagttge—3° SYFLRS

5’ -tttggaggagggocaaggctatgtotgatectogecttact FABGPRLCLILALL
Clone 5 X 7o bp 25
tatgagattegaagoatttgogtttoatogtiga—3 MRFEAFGFHG Stop

tttogagyagggccasgoctgtygyagatattectggagttogn FGGGPRLWEIFLEF
tttasggttgteaaggtigetgytotrtocctiogtagetetet PLRLSRLLVFPX VA
kcangggVgasgasgganaasccanggtcttaggtgtaatgtgt L IKXEEGETEVLOv 199bp 33
ttgactacticaattttgetactttas MCLTTSILLL Stop

Clone 6

tr Lttt Fo K
Clone 7 togaggaguyccasggetgtogogtaa crasasangga GOGPRLWEBNFPK 51 bp 17
aatgtag E M Stop

tt gugccasgctgtgtttgtottet FGEGPRLCLSSFSQ
Clone 8 : togaggar tictogeaaty . 45bp 15
top

Clone9  tttggAggaggccemnggotgtgtagggescagtga FGGGPRLCRXQStop 3I6bp 12




Table 4. Sequences of DNA and deduced amino acid of the partial genes
cloned with DPS 8 & DPS 10 primers.

Length
B} Length :)lf
Deduced amino acid of .
Clone DNA sequence amino
sequence DNA
sequence
Sequence
YMPLGMGPRLREKST
Clone 10 tacatgeeutiggoaatogugccangatigaggasgtogactasy 63bp ”

ctgcttotectattttag KLLLLFStwp

tacatgcogttgogaatgogcectogtogtogtoatagaggesga Y MP LB MG P GERDG 6
Jotoggagaagtgattoyagttatgytogcagugatgooypasgg R OGRS DS S YEGGRD 6
pgtogagacagatatgatagttatgatggtoatgyttgtoggsag ERG RDRYDSYDGE D O
tatggaggttaccegtocaspantitipgagotogogatgagyat CEEY B GYQSXNF GO
Clone11  agspgccScagoocasgycocanatDYagasgtottBogattgga G DEDRERS PSP N QK q3gy 113
cteastceagggatoaRegYttgaaccotaggagtagiagRaage SWDGS TOSRDQS WK X
coagSagRegtBoctmassgtgttHaacctalgtocogipettag e RS RS KSR SPERF N
RgEtttgecWtgtRavtBogtongtXatgigogbocceghtegtg F G PAK X FHEMD X G R
a Stop

tacatgocat taggaagagogcccaaguttgaggasgtogactan YM PLOG RGP X IEE VD

1
Clone 12 Stop 45bp 15
tacatgoogtgggantgggeortggtugtogtoatogaggeaga YMPLGMGP GG R DG G
ogtgggagaagtoaticgagtiatogtoocaggyatoguogascy RE GRS DS SYBOGRD 6
G Y G
Clone 13 ggtegagacagatatgatagitatgatygtgatagttgtgogaag S RO RDR YD S YD G D 249 bp 83

tatggaggttaccagtochagastttigoagutogegetgooget C B K YO G YO SKNF G 8
agaggccScagoceanggoccasatDYagaagtottbggattgga 8 DO D RGXSPRPEK X R
cteaatocagggatcaiegtttga SLXIGLNPGIXZXStop

tacatgoogt teggaactggtoccttoggtyaagogctogacaag YM P F G TG PLGEG L D
gtitaccoapgtggagetitigacocacttggentogetgatgac EVY PG GAFDPL G L A
coagatgecttigoogagetanaggttasggagetgangaatgga D D P DAFAELE Y X EL

Clonel4  aggtigoctatgtictocatgtucygattottogticaagetatt KNG RLAMPSMFGFF  282hp 94
gltaccgganaggotoccatogagaascctotoagaccacettget VO A I VTS K GPIENL
gacectgtagocaacnatgectgggettacggoaccaacttogtt S DHLADP VA NN A WA
cctgglaagtga YEGTNFVPXEK Stop




4. cDNA clone € AR 3EA

DNA @71Md& W9 opvxit ME2 NCBIS Blastsh PSI-Blast =233
A AEA ZALE AAEAY. 2 A, 4 E9 cytochrome P450 family 32t
Ef} o}F & AFAL BolE clonel DNA @H & v 23, AFAe] A& A
o2 #aH¥E clone?, 3, 4,5 10 DNA B8 6718 A& & ANt (Table 37 4),
283 o) 6719 9 % clonel, 5 10 ecdysone 20-hydroxylaseZ A HT #
Ao AEAdol ge Aoz AHUY.

NCBI®] Blast9} PSI-Blast T2 179 45 RAIE §3l9 cytochrome P450
family %AAER AEAHel UE Aoz &Y" 6749 229 RHAAES
degenerate primer AAA AHEaIH 5714 FAAY EEFHA olv]xit I
EAEHd §F 454 AxE BYd%v 2 23 Fig. 89 tFAHE A4 B
= A 2ol clonel® clone28 K EH2 open reading frame?] Holt &9
cytochrome P450 family +3d 4 2 &3 9 ecdysone 20-hydroxylase® FAHH+
FAAE] EEH<Y open reading frame Ao R{AFH AoE B
cytochrome P450 family #3442 7t 2 Aoz LAY 53 clonel
£ NCBI9 Blast¢t PSI-Blast T2 184 AEAHE2 ZAISEE © 2] =9
steroid hydroxylase®2 €& 3 cytochrome P450 family #4A2A &3 45 4ol &
Aoz HAFALE B oly2} cholesterol monooxygenase (side~chain-cleaving)
gx AEAe) T RoZ FAH ecdysteroids B BR FAAL 7540
L Aoz FHHAUY

Fig. 8¢9 533 A3e gt 454 AEE HH3 YAses ol AY,
FAS A G A& Jted ol MY 9 gape] HI&Z dehdo] doiB s d 4
t} (Table 5). Z Z3, 4829 cytochrome P450 family #-X A&7k A 83 93
e olH x4 MY H[EE H-45% HYAE vgudied, &9 cytochrome P450
family AR E3 =39 ecdysone 20-hydroxylase A4 5= F4x L= 23
W& 11-19%F Jetliit. 2832 489 cytochrome P450 family #AA &3
o FABIAY A 7 E obH A MY Bl &L 37-62% AEE JEUHE AL
a8 £ ddew, cytochrome P450 family HHAEF T2 ecdysone



20-hydroxylase A HE FAARAE 27-32% A=E Jeuigic. dd3ez
2248 §32AE F cloneld A &9 cytochrome P450 family +H A% A&
3 YA e opul Al Md Hl&o] 23-31%E JUEHY AFA) & Aer F3
g1, clone2, 3, 4, 5, 102 6-15% FASE Ha FEAo] o} Rl 34
gb gap B &€& Y, o] BE FAAEE A e RLer FIAHAY.
2832 FASAY A A orxd MY H&E RY, cloneld 4 &9
cytochrome p450 family FAAETN 36-49% FAEE BHo AFAo & Aoz
45900, clone?, 3, 4, 5 10& 14-25% AT & Ho FFAHel & ez
FAEAY. B ol ZEYH HAAE F cloneld 39 ecdysone
20-hydroxylase® FAH+& FAA9 &3] A3l olv x4t AE vl &) 14%,
FAS AU A F e d obuAl AE ¥l geo] 21%2 AddoeR A JdEWe
W, clone 2%t 102 A#3 A o= dMEIH FASGAY A& 7H5 @ obv
w4 A Hlgo] ddFer & H &S KA gap HEE L dohd AEA
de Aoz 45U,

ol¥g AASE FEsld E o, clonel& ecdysteroids A¥AH #H FAAY
JbsAdo] olF ¥ ALZ FAHYLH, clone2% ecdysteroids A FAH #H &
AAY 7heAdel v Re2 AZHJY., 2832 clone5d 10= ¥ E3HQ open
reading frame?] Zol¥= ZF ZA 2|7 ecdysteroids AFPA THE FHAY 71540
e Aoz #AHEE% 29 clone3d 4% cytochrome P450 family #3449 75
Aol AE Roz HaEHUL,
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* 20 * 4

gil1076315

gi|987267|

gill1421741

gi|2935342 : 5

gi]5106554 : A KA A ROME VST,
: F HHVVTFYan

Clonel
Clone2
Clone3
Clone4
Cloneb
Clonel0

gill1076315
gi|987267]
gill421741
gil2935342
gi|5106554
Clonel
Clone2
Clone3
Cloned
Cloneb
Clonell

EDDKAVRFPAVPFPNENTLAGVPIRVSRRPFAELVRPA

Figure 8. Multialignment of cytochrome P450s and cloned partial

using GeneDoc program.
gi 1421741 - Lycopersicon esculentumn ; dwarf

g11076315 - Arabidopsis thaliana ; DWAR

gi 2935342 ~ Arabidopsis thaliana steroid 22-alpha-hydroxylase ; DWF4
gi 987267 - Zea mays; DWARF3

gi 5106554 - Locusta migratoria putative ecdysone 20-hydroxylase
Clone 1~5 & clone 10 - cloned partial gene
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Table 5. The number of residues that match exactly, similar or conservative

substitutions and gap character between the two sequences in multialignment.

A B C D E F G H 1 ] K

1 67 25%  38% 44% 14% 25% 11%  11%  14%  14%  10%
A 2 0 I’ 44%  S6%  32%  41%  16% 1726 25%  17%  16%
3 0 16% 5% 4% 14%  19%  23% 40%  49% 64% 0%
1 18 65 29% 27% 13%  28% 16% 12% 15% 12% 9%
B 2 27 0 2%  M%  27%  40%  24%  18%  21% 156%  15%
3 12 0 11% 13% 4% 8% 7% 3% 47%  63% 69%
1 26 20 63 45%  11%  23% 10% 12% 11%  12% 6%
C 2 30 29 0 62% 28% 36% 17% 19% 17% 17% 14%
3 4 8 0 1% 19% 14% 19% 36%  46% 61%  68%
1 30 19 29 64 19% 31% 10% 15% 14% 17% 15%
D 2 38 K} 40 0 32%  49% 17%  20% 25%  17%  20%
3 3 9 1 0 18% 15% 20% 37%  46% 62%  68%
1 11 10 9 15 76 14%  10% 6% 7% 7% 9%
E 2 25 21 22 %5 0 21%  17%  10%  15% 13%  14%
3 11 11 15 14 0 17% 21% 47% ©55% 68%  73%
1 18 19 16 22 11 63 14%  14%  15% 15%  10%
F 2 30 2 2 34 21 0 2% 2% 22% 15% 13%
3 14 6 10 11 13 0 4% 6%  46% 61%  T4%
1 8 10 7 7 8 9 60 16% 11%  13% 9%
G 2 12 16 12 12 13 16 0 2% 23%  13% 11%
3 17 5 13 14 16 3 0 3% 43% 60% @ 73%
1 8 8 8 10 5 9 10 40 30% 2%  13%
H 2 12 12 10 13 8 14 15 0 B% 27%  18%
3 27 20 23 24 36 23 20 0 15%  40%  60%
1 10 10 7 9 6 10 7 12 K] 26%  13%
I 2 17 14 11 16 12 14 14 14 0 32%  18%
3 3 31 29 30 42 29 26 6 0 29%  54%
1 10 8 8 11 6 10 a 10 9 24 29%
J 2 12 10 11 11 10 10 8 11 1 0 37%
3 43 41 39 40 52 39 36 16 10 0 37%
1 7 6 4 10 7 7 6 6 5 8 20
K 2 1 10 9 13 11 9 7 8 7 10 0
3 47 45 43 44 5 49 46 26 20 10 0

A 1g11421741 - Lycopersicon esculenturn , dwarf, B g1 1076315 - Arabidopsts thalana, DWAR, C. g12935342 -
Arabidopsis thalana sterod 22-alpha-hydroxylase . DWF4, D g1987267 - Zea mays , DWARF3, E g1 5106554 -
Locusta mugratonia putative ecdysone 20-hydroxylase, F'Clone 1, G"Clone2, H Clone3, I Cloned, J Clone5,
K Clonel0

1:The number of residues that match exactly (identical residues) between the two sequences

2:The number of residues whose juxtaposition yields a greater than zero score i the current sconng lable

(simular residucs or conservative substitutions)

3:The number of residues hned up with a gap character
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V. 89

Ecdysteroid Aol #dE 4 € FHAAE 4% F222 ecdysteroid ¥4
zo] AW 4T & (Achyranthes japonica Nakai)o. 2% & RNAE &3
RT-PCRel ©3] cDNAE& 229 ¢ ¥ ecdysteroid F4ol #BAd= Aoz <&
2] ™ cytochrome P450 family F+dRE7e 947 ¥ opn it ME9 FFAHE M
¥ HEFAH.

1. 429 cytochrome P450 family f4 2t 4719 2% 9 ecdysone 20-hydroxylase
AR Y BEHNEAAE EUR T B2 £9] HrAHEA 4E&c

degenerate primer 971 & Al 23 ol

2. A7 & fRe AA RNAZYEYH $A4T dU7l< cDNAQ] library® PCRE %
Z% o), degenerate primer 97tA F 2714 & A4 3 & W cytochrome P450 3
2] cDNAZREH &8 5 3l 3719 DNA ©H Eo] Z 59}

3. @47t cDNA library& degenerate primerZ 5% & o g& ¥ E cDNAES
pGEM-T Easy Vectord]l ¥ E. colidld €293, 972149 ¢ 248494, 4
71948 B2 148 971XEE 7Fd B8 cDNA clone 14718 Agy +
Ao}

4, cDNA clone® 7]&dl 4 #3 cytochrome P450 family # 28 3+ ofn| =AkA
gdo] AFAE BT 47 MU" cDNA F 6707 cytochrome P450 4 A& 3
FEARC e ARegZ v"ut. o FoM 409 clone2 % ecdysone
20-hydroxylase #A A4 E dFAe] Fo} ecdysteroid P BHH FAR=Z
FA = At
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