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I BEREOBWRBMBEZF CYPLAL BLUNNZFY PTHED
NADHoxydase Bz FicE T 3 tHEME OB W BIZF
REQ/ZOY v HAES ) LTORE

B fn BB OB BENE KR VEBRE TN
I R = N NI L B - N S = SN S S (1R

Z ©

EEMOBMEEFEEVEFEY COMERCFOFEELAHEET 2 BT, WELEDROFBYH A
i {ZF Cytochrome P450 monooxygenase (CYP 1 A1) 8 XU Amphibacillus xylanus B3 NADH
oxidase Bz T% 7o — 7L UT RFLP % 2 (5& Y + 4 T LU ZDHEBETIT- 72,

Ty 4% 7 A CYP1 ALEET L7827 7 U 7 NADH oxidase iz FEnEh L HAEMHOS
WDNA FE0 VY HEETIZEVIFLERENS -1, Thid. SETHRESN TV RV LDTH Y,
SHREY» oD INOERTOHEOEIET LB LEL SN 5,
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Cytochrome P450 monooxygenase Hin+

Cytochrome P450i3. &EEBY O, . B, 8%, PEEECSBLVHSEEEL, Ino
DHIEA®D 3 b3y F U TR, Ml Eics B, ERERELTE, BEBOI 7oy —ARBVT
BIE, BE, BHE2E80E 0{EMEEMERISIC K > TEYOEHPEREHEL S5, Y

ERHEITI 17 0V — LICREEHEO PASOHELE L. AFEHkEETT, BWcEYRST 5 L,
BEEYOTEHICIE L CTHERTED PASVDOSESBTLET 57-BF 1 70 v — L1080 PASIESELFE
HENCHEINT 5, EYRBNICES T 3 PHIOEERRERIRFCLEL FLoFEBTERL TV S, C
D& EHTFEMEMER. T o0 PAMSTREESHEOEMOMEIHE LR hdRsRnwT L&, B
BRTsLEb3EY

BAehk % 72, iR 5 0100/ HEL Lo PASGDE—HENEL LTDNA DR 7 L A F FEEF| O f#HT
MOELMIcENTEBY, ZHICET VT PAAIDFESTHLNR T WS, £/9XTO PAS0IZLEOHE
EhoifbLi-tELohTED, HLOREMOBELLSATNE, WP

INFETOWRTEH. BHEL DEYY 7 LD i Cytochrome PSGEGE T+ E v VOFEMLEHE &
hTVwaH, 5 v b OFFfElaD/NMIEHED P450 monooxygenase CYP1 A 1 BzF O & 5 BEMK
BB ETRFD AT VY OEERBEIA TV,

NADH oxidase #{zT

NAD & i3, Nicotinamide adenine dinucleotide DI T, HAFNRIGTKFEDOR AN 2 HEEEL T
$%,"” NAD i3, £ OBUKEBRORMBRTH 5, WARRGIR, EENTH O XN LRIBEDOTNAD
bILL M HEES B, F5ic. EEHYOIR. HRIcES<. Mlllg 70 mg BEUTEENE,Y
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NADH oxidase (&, A#ifaic L @HICEET S NADH 2, 9T KBE (0,) KBEhd s, FE
Hlicgrkahd, T THEEMER SN S NADH oxidasetd 2 e (1) @EE{LKEERE
L (2) REKRETHD, ThTh, UTORGZMIEST 28R TH 5"

NADH + H® + O; — NAD" + H:0. (1)
2NADH + 2H" +0, — 2NAD® + 2H.O (2)

NG 5—ERORNAF Y Y —EEGIILVERTHEREIC & - T, BEMKRIHEOIEEEEEE L T, BER1L
TelizlE0 2L, & v/e 7 BABLL, /- DNA 28T 3L L atc, WHIEEBBORTTH L, (1) @
BERLAKFEERE NADH oxidase OMFEIRFIATS - 720 T (1) Ol k/kk4ERKEZ NADH oxidase
BIEFHHVEXIEONBEOBRER b L ABHBR 7 L+ be Foxut+ v FL 52 ¥ —+ (AhpCF)
DFBSHEEWREO Y —0h 5 LHERS NP Fi, (1) OER{kFEELD NADH oxidase EinT
&, AhpC FHET T, A + v §=¥RIE @B KEZERE IS, kELEHTS) 2RI, TOR
g, SRR Amphibacillus xylanus BAR®D NADH oxidase ToHiohic& LTV B, ThHD
Lk, (2) k&R NADH oxidase &7 569 (1) EEKFEERE! NADH oxidase b/ B
FROEREA F L A5 o BRI SHEE R/ LTV B I AP 52"

BEESmShTWBE 7 71 THHED NADH oxidase BRFE2 7 —7& LT, Y+ A4 EY / &
TODNA A E 0V OERETICEBHEKENC ETH B, HEL S, 24 NADH oxydase i fzTid.
SEHEYICB VT, oxydative burst Fi X ZRIEMECIHEUERFALEL bbb MBHELEZ OGN
TWBENLTH B, 5% TOWE T, NADH oxidase BizF4, Y / sthho2uo—-=v7&N0
fefligia { . ZERBEORA IBEERTOHMORELKELEELSNS,

MBS LUAFE
REYIR L

v 74 D Solanum BREWREDO—FETH 5 S. chacoense (clone ; cheh25-3, 2n=2x=24) &,
FREETE 2 (2AD S. phureja (clone; phul.22, 2n=2x=24) 2@#HE L, ChoDO F 1 ##E (clone F1-1,
2n=2x=24) #1871, £/, TOF1-1%S. phureja-S. gonyocalyx complex gtk D 93H100- 1
(2n=2x=24) LRLAAS LR LTHE-HARKIHE-1 (2n=2x=24) ZRHVIY

Fo—7OH%
i ) P450 monooxygenase =T

5 v b OFMElE 0 /NMa{EH RO P450 monooxygenase CYP1 A1 #{ETF% CYP1 A1 specific
primer T PCR #1ig8 L 7K & £630bp OB TR 2 7o —7 & LTHW:Y
ii) NADH oxidase #{zT

Amphibacillus xylanus B3O NADH oxidase BfzTFOR¥ % S 1.5kb fragment ( pPL-lambda
CEEhTED, Hindlll Hbick > TROHT T EHTE S, Fic, TDRY ¥ —Id Ecoli 48301cE
ASHhTWN3G,"

e J e

RFLP (Southern) #Hfic—> T3 Haméldinen et al.'” ICHEL TIT» /o HIBREER X, EcoRI,
EcoRV, Dral, 8+ U Hindlll #FhFnDFo—Fic>oWTHW, NADH oxidase B FIC2 L
TR Hindlll DA TiT-10 BL, 7o —-705X v /8L 7o -7 v 7+ LOKH I Alkphos™
(Pharmacia-Amersham) 28 b6F(Tot, Ve HA T4/ L EBEF o - 7OMEEKE N1 T ¥
1 ¥ —¥ g v%®D Washing stringency %55-65°C T LA L 7
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HERELUEE
I. Y+ 4 ®Y /) LicET 5 Cytochrome P450 CYP1 A 1 #HE#H: D DNA A€ v S OFEE2WVWT

B LT XTORRICE TR PO Y PRV A BTN TOHIRERL O AR OE L
TD RFLP t@bohs: (&1, 2. 3LV 4), &\ stringency (65°C) ZH W T, Southern
hybridization 2{7>Tb., W RFLP ¥ ¥+ VASTER & Nz, #iZ. EcoRI, EcoRV $ & U Hindlll
DENEFNISOWT, CYPLAL BHIRBERY A PR LMD TED.” Chb T 5 L
LTl -2 3 -5 3 VWIHEHOR—EFBLEH 1 X 2RO+ E 0 Y BEET HLEL
Ehb, BETHEENS54<v—2H0THPCRICK > THEMNE C ELMHEETE /K (Takeda et al.

In preparation),

#%1. RFLP (#iFRE£% ; Eco RI X Fu—7; P450) ic &k A LTM

clone | (1) @ ©) @ ®
o phul.22  |chc525-3 F1-1 93H100-1  |94H89-1
23 Ps NA Ps Ps Ps
9.4 Psx NA+ Pse Ax Ps¢
6.6 Pw NA S Pw S
4.2 A NA Ps A A
4.0 Ps# NA# As Pss Pss
3.4 A Pw Pm Pm Pw
3.0 Pm* As Em* Pm* A+
2.8 A A A A Pw
2.3 Pw A Pw A Pw
2.0 Pw Pw Pm Pm Pw
H) v F sy KFEE P (Present)
= Ps (strong) tfx Pm (medium) i A Pw (weak)
Y NSy I A (Absenl) RAT S (Smear) PEFRTE NA (No Amplification)
Thi*» FHFRO 7 I
S.phureje MO HY T 7 s X& 45 o I XFE

Bk & F

S.chacoense ®F ) Ta 7 4 A A

#% 2. RFLP (PR ; Eco RV X Fo—7 ; P4h0) ic&k 55 WkH

foe: 1(1) @ € @ ®
phul.22 chcb25-3 Fi-1 93H100-1 94H89-1
L FN
(kbp)
23 Ps Pm Ps Ps Ps
9.4 Ps Pw Ps Ps Pm
6.6 Pms+ As Pws= P+ Pws
5.0 S NA Pm Pm Pm

&) &1BR
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72 3. RFLP (HIPRE#3% ; Hind 11 X 7a—7% : P450) Ik 2 H TR

clone
D @ @ ®
LS phul.22 chcb25-3 F1-1 9314100-1 94H89-1
(kbp)
23 S Ps Ps Ps Ps
16.2 S Pm A A Pw
9.4 S A Pm Pm A
8.0 S Pw Pm Pm Pw
6.6 S A Ps A A
3.3 A A Pm Pm A
2.3 A A Ps Ps A

&£) X128

7 4. RFLP (HIFREE#% ; Dra [ X 7uw—7; P450) itk 5 £ TKH

clone
@ ® @ ®
34911 kbp phul.22 cheb25-3 Fl1-1 93H100-1 94H89-1

23 Ps NA Pw Ps Pw
16.2 Pm NA A A A
10.0 Pm NA A Ps Pw
9.0 Pm NA A Ps Pw
8.0 A NA A Ps Pw
7.0 Pm NA A A A
6.5 AT NA Pw Ps Pm
5.5 Ps NA Pw A Pm
5.0 A A A Ps Pm
4.4 Ps Pm Pm A A
4.0 Ps* Ar A* Pg* A%
3.5 At Pm® Pm® Ae Pme
3.0 Ps* A% it Es* A*
2.7 A% Em= 2m= a% Pg®
2.3 Ps A A s Pw
2.1 A Pw Pm 5 S
1.8 Pm Pm Pm A Pm
1.6 A® Pwe= Pw# A A

Cytochrome P450EZTEHIE. SEFMOBL BHEICEEL. ChoDfiflaNo I bay K1) 7R,
Ml NEIcs 5 2 EH BEBRE T3, BEBHULIA IS, BE, HE., EULErh o b, Yl
FEHOFEEE, 7 TIEHEI TV, B2 \WTid, R, TEHF, =F21=T7DFEN S P450
CYPT1A 2™, &/, /hEL S P450 CYPS1® . KEH S P450 CYPI3., vy o4 X+ X+ /5 P4h0
CYPB4,W #/xa/m & P450 CYPOALIPEER, A5Fu M FEORBICBET 215 EM974 PANEEZE T
HBBZThZThor/ ahitEELTVA I LM, RESNTVLE, LAL. FEMTIRCYPLALLK
MLT 2 EETRERSNTVLEVY
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—H. 7 v + OFFfRED/NEEEKD P450 monooxygenase CYP 1 A 1 @ {=zF L HEEMOE WV RFLP
ST FNBEEEYTHEY + 11 Eh b, HESIDIE, EEBRFENTDH 2,

II. Y+ 444X/ LI2EBF 35 Amphibacillus xylanus HE D NADHoxydase & =T #H[E14 O DNA
FEOFOEEDSWVT

Hind Ildigest i & &5 ¢ Southern #7 %2 K 5 ICR Lo Fig. 1 ICRT & 12, &\ stringency
(65°C) ZH W T, Southern hybridization Z{T->Tb., #\W RFLP ¥ ¥+ WisHR & i fc, B H, f#t
HLITRTOFRRKICBNWT1-2D%Y F HindllITE OGN, 7o—7& LTHW: NADH oxydase
BEFEF|RIC HindllI 94 P86, Thpoffd2aL 1l -2a-0sEo S BEET %04k
bz, Chid, BRTFHRENTS 42RO TLPCRICK-> THREMB I EPERTEL

(Tsubomoto et al. In preparation).

# 5. RILP (#IfREEFR ; Eco RI X 7o—7 ; NADH oxidase) <& 528kt

clone | (q) @ ) @ ®
S B phul.22 cheb25-3 F1-1 93H100-1 94H89-1
(kbp)
23 Ps Ps Ps Ps Ps
16.2 A® Pwe® Pw# Pw® Pw=
9.4 Pm Pw Pm Pm Pw
4.4 Ps+ Ar Ps+ Pw+ Pw=
4.0 Ae Pwe Pge Ae As
3.3 Ese Ar A= Ps+ Pm=

) ®1Z2H

Fig.1. Signals obtained from Southern hybridization on genomic DNA of
tuber-bearing Solanum species using a bacterial NADH oxidase gene.
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NADH oxidase BETFI2WTHREFEHWOIFE. HRICEZ{EELTWVWAE,Y NADH &EHEAYICH
BEd % AhpC BERICHE T 2 BETIR. KE, BHXNABETRESHESLTVE.® LiL,
NADHoxydase BIzFZ D bDODEIERLEDFE0 ViFVFHMEMNL ENTWIE WV, NADH oxidase &
EFEAEEEDOF WV RFLP ¥ 7+ VOEEBROD > 12D, Y+ 74 BILBV T, ZERVSENTH %,

o
ST EMFR RS e GREFES09760007) & & Uik E 2 5k R H¥ JSPS-RFTF-
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Summary

Presence of gene homologues associated with a2 mamalian cytochrome P450 monooxygenase

(CYP1A1l) and a bacterial NADH oxydase in potato genome

Watanabe, K. N.""?, Y. Takeda?, M. Tsubomoto?, R. Kondo?,
Y. Niimura?®, H. Ohkawa‘, K. Hosaka® and K. Kasai® ®

We attempted to know whether potato and its relatives could have DNA homologues
associated with functional genes identified in different organisms in alternative kingdoms.
Two known genes were employed for a survey using restriction f{ragement length
polymorphism (RFLP) analysis: a mammalian cytochrome P450 1 A1 which shows strong
xenobiotic metabolism and a NADH oxydase gene from Amphibacillus xylanus that exhibits
very rapid catalytic activities on superoxide. Genomic DNA samples from haploids from 4 x
potatoes (Sclanum tubersoum, 2n= 2 x=24), their relatives (S. phureja, 2n=2x=24; and S.
chacoense, 2n= 2 x=24) and their 2 x hybrids were digested with restriction enzymes
Eca RI, EcoRV, Hindlll, and Dra 1 then, the resulting digests were employed for Southern
hybridization for RFLP. Even with a high stringency which is usually used for intraspecific
genomic hybridization, Southern analysis revealed that a few copies of homologous fragements.
While only a few bands were obtained per species, this is an intriguing report on the presence
of the gene homologues associated with other organisms.

Key words : potato, CYP1 A1, NADH oxydase, Southern hybridization, DNA homologues



