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Abstract; 1-aminocyclopropane-1-carboxylic acid oxidase is one of the key rate-limiting enzymes for ethylene
biosynthesis in higher plants. In the present study,a cDNA fragment of 792 bp,designated GZ-ACO, was ob-
tained from sugarcane cDNA library. According to the GZ-ACO cDNA fragment sequence,full length of GZ-
ACO c¢DNA was generated by 5'RACE and 3'RACE methods. GZ-ACO cDNA was 1 307 bp in length, Within
the full-length cDNA,a clear open reading frame(ORF) was 972 nucleotides, coding 323 amino acids. The 5’
end included a putative translation start codon (ATG) at position 126 bp; the 3'end included an end codon
(TAA)at position 1 097 bp and had a poly(A)tail. The identity of the other polypeptides to each other varied
between 65% ~86%. The results of phylogenetic analysis showed that ACC oxidase from sugarcane and from
Gramineae clustered together firstly,and then came those from Musaceae and Orchidaceae, dicotyledon came

subsequently. The clustering results of ACC oxidase molecules accorded with morphological classification sys-
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tem. The sequence of GZ-ACO had been submitted to the DDBJ/EMBL/GenBank database, the accession

number was AY521566.

Key words: 1-aminocyclopropane-1-carboxylic acid oxidase; c¢DNA cloning; Saccharum of ficinarum L. Hy-

brid; gene

e R ME TS BRAF T ERATE
A, mAEmMFHE AR EHMER EFSE.
BRSBTS ER NN A%, £
AR, BRI E RN SRR E
E Y /E . Singh % (1998) # Solomon %
(200D 4R 38, HAEM IR 7~10 d, HZ W R H
B2 ANHMESHENSR T HARFAERME
MR . ARFIRENBEE NMREBLAEHRENE
ZFER, Li%(2003)REAHESEWHA 200~
400 mg/L B9 Z W R BE4T vt T BE A, X H A KA W
B9 %I /8 FH ,80~100 mg/L ¥ FBE i Z &% 7 ) {2 2
MER RS ERER N HRAERE, RERE
MZEFAMNTEBE EHES EHHEE ETES.
HHEAGE REETEFRESE, . MEHEFFE
Wi, XT WA H ™ SEENILE, BET
FRHMARMRE, —BMNEZHEFIESHEAA
ZIERNE R (Yang %,1984); — BN B ZBFAE
m ACCH ACCABMAKY, SENZHBTERT
% (Foster %,1992), ACC 4 i (ACS) f1 ACC
fUBACOERSHEYIAEME BN X
BEH.CENSHEYTAEMEETIIOER (B
EHER BRITAESQIOODNERAXEST S
—-BRACOEHERBN . RANEHECRE. vE
AR R M o FILHE, #17 ACS
MACOEFAMNTESRAMR . NLE THRHERE
ARKRSHEPEXRR ZHBEISH R BRI
B FAMARERN IR FELARAEBRAES
FEMNHEEMETBREX. EME—-FTHE,RIN
cDNA XESB T HE ACOERN LK, FH |3 DD-
BJ/EMBL/GenBank #% [ % i &, & & 2 %
AY521566 , [a) B ) i 3 B 550808 P B R 0 X R )
HAT LB ST

1 ME A
1.1 ik sk iR

H B (Saccharum of ficinarum L. Hybrid
ROCZO B R¥RFEBEHFE R BT MR . U

—F-FRHETFREAMPG CTE2). BREMN
WEE K. BEEL 4~5 B E R A AR A
0.5mM IAA+0. 05mM BA~+75mM LiCl Bt 3 H &
it EMHERELEE. 5 h G, BEREELS#BCH,
RSB A, B-80 CIKERFE., ZAKRBFER
B IM109 i R FEYRESBERFERMEY
@R OBEF. Tag DNA RS . REHEHNTE.
IPTG.X-Gal.dNTP, AMV-RNase,PMD18-T Vec-
tor ,DL2000., & E UK & R /h BN &
ENFEVERANBWEREZEVIRAF.,
1.2 B2 RNA G412 ELH0 cDNA £— a5

HELBL AT, B AT K 50 mL
B A Trizol £ . EET BIZUE
% 5 min, AR+ &5 : RIREE(125: 24 : 1),
ZIRTEIZIRY 10 min, .0 10 min, R EFBETF
—F ¥ RNA-free % A 50 mL B.LEFR, A
FKZBEF S BEHEA UVIQ-10 &, B 5 min, B
DEERB, MAGEE O 1 min, BE UVIQ-10
B, B — T % RNA-free W LB L, A 0.5
mL 8 TE el FHS R, ERTHES min, 5
0> 1 min, TR EI R & RNA,

cDNA % — 84 .5 pg HE S RNA,0. 5
ng Oligo(dT) 4,5 X RT buffer 4 pL,RNase inhibi-
tor 20U, 40mM dNTP 2 uL, AMV Reverse tran-
scriptase 5U ¥ 7 & M cDNA 5 —4,
L3 HE ACC S EEE DNA F RS EMMF

#& GenBank X FREX#E FE P E K HBE ACO
43, % it — 51 ¥ P3f. 5-GCATTCTGAAC-
CACGGCATCTC-3, Pir. 5-TAGGCCTCGAAC-
CTTGTGCCG3, H LAY I RBAFAEGR. &
B cDNA 55— 8= YR B 10 F/E1E v Bm, A
TaKaRa A ®]#) EX Taq B§, L1 P3f 1 P4r K514y,
Xt B # b BitidT PCRY 1., R &KF:94 CHAE
# 2 min, 94 ‘CA5 {4 30 S.57 ‘CiR k 30 S.72 ‘CIE{
2 min,35 WIEH, RS 72 CIE{# 10 min, PCR ¥*
BrEYE 1R RS . W TEEN K
B, btk A T8 % BR 2 =1 I (a1 ke 4t 4k i 71
EEWENHFE. BA DNA FB5S84 pGEM-T
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Easy Vector ¥, ¥ K8 IM109, H¥EE S
A IPTG 1 X-gal B4R 1T B BB %, Bk
e b P ARG B 75 BB DNA # 17RO L E.
TRERY PCR =4 g E TRARNE. FIIA
NCBI-Blast 284 Vector NTI7. 0 84X X B 348
ERESHEAFRFTI#HTREES .

1.4 7% ACC LB E R cDNA K Bk m ¥ 4 3|
R T

FI A Vector NTI7. 0 8 44X} iR iE /9 H B ACO
(AF442821) 34 Fr I FORT EI SEREH cDNA K B ¢
Bl i 47 %t bt 348 IE J5 , @ i NCBI-Blast #9 Gene-
Fisher W ¥5%t ACO Z[H cDNA BB/ 5’ K uH 3’
Ko KRB IHET &5, aWEERFELUTIIIR
mEEEY TEAFTSM.

Pri(5' 5K s B B ARIC 51 9D : 5-CGCTCTTGTA
CCTGCCGTTG-3,Pf1.5-TCACCAACGGCAGGT
ACAAGAGC-3,Pf2:5-GGCTGCTGGACCTTCT
GTGC-3, Prl:5-GGTATCTCGGCGATGTTGGA-
3, Pr2. 5-AGCGTCTTGCTGGCGAACT-3, Oligo
dT) o+ 3 KB4 EEIY .5-TTTTTTTTTTCTG
ATCTAGAGGTACCGGATCC-3, 3-K 3 & & 5|
#:5-CTGATCTAGAGGTACCGGATCC-3,Prll;
5-GGCGGACGAAGAAAGTGC-3,Pr22.5-CGTC
CTTGAGCGTCTTGC-3,

1.5 H#& ACC S {LEEE & cDNA FE& 5'#%n 3" %
B3

KW PCRYMEBAEEAYTIRAAMN
3-full RACE Core Set Kit & &8 B#H1T. LU
Oligo(dT) 1 +3' KRG ES W 519, K5 F A R
cDNA B —5 . B4 M€ .DNAE -HH™Y
ERER, & RS9 PI1 1 P2 55 3'K
Vsl 5| 4T 3 K ¥ PCR b1,

SR PCRY BB RESEYIRAA 3-
full RACE Core Set Kit R &R H#HT. U5
REBERATICE 9 (Pro) X514, K5 %45 BBetRC
#) cDNA %5 —%5 4 3R 1b 89 555 cDNA HE=YH
10 R ENER, LSR5 PI2 f1 Prl P2 1
Prll 4 3U4E R 51935 , 34 H 89 | B 478 — K PCR
P ¥ cDNA R B 5" K% — K PCR ¥ 7=
R 10 e N EAR, LRS54 Pl 1 Pr2, Pfl
A Pr11.Pf1 #1 Pr22 43 5I4E R 51 9%, 5t H 89 - Bt
BATHE W PCR ¥ 8. P37 Y& 7L F i /5 6]
+1.3,

1.6 HE ACCE{ B EE cDNA £ KHNEREBERH
ESHNEERFIERFREST

A Vector NTI7. 0 84X} B FLREAI =B cDNA
BEBRFEII#HTHFRSE HEFBOFIER
NCBI-Blast 23k {41 Vector NTI7. 0 %5 {4 % 4% B SR 3%
PR ST A FF 7 3E1T R IR M LB fn 04
1.7 H & ACO EE & i< DNA PCR ¥ ¥

BEEKBHLEFT], A Vector NTI7. 0 3
R 5 i it T BE FE R AE SN — X514, BP
P33:5-ATGGCGCCTGCATTGTCATT-3 1 P44,
5-AAACCAGAGCTAGGCGCAGG-3, LI H % H
40 DNA J#E#, 317 PCR 18, VYR EE
i FFE L 13,

2 HREHMN

2.1 HEACCELEEEE cDNA FRHNREESRF
5) 5y 47

Ll cDNA # —4% 54847 ,P3 F1 P4 29 3|47,PCR
P B 750bp EEMRREWELD . WES
WERERH  ZRBRBEERFIIKEN 792bp, 5%
A TR B A B (AF442821) R Bk 97%,
NEBBIBENER. ERRB 24 M EERF
5 5 H e H A P TR R b B (AF442821) [R1E #
Bk 95%.,
2,2HE ACCELEEEE cDNA K& 3'#% %0 5' 3%
HREESFEIISH

Sl BB R AFRAL R G5, DA Prll #1 P12 %
5 —W PCR ¥ 15| ¥ # PCR =¥ N, Pr22 f
Pl ki #51%,iR KIBE N 60 C, #17 5' %
BIP 3, T W 24 400bp ERRERMEW, 18K SR(A
1:2), MEEREASREZEFBREI KD N
382bp. KFFIF S| EE, 5 cDNA K B FF
P frBtE O, R BN A 118bp H—BREMHE
&, MEMHEENFFILEE SR, NE -8B
MER. IEARREN S RIBHETFRFEIIR D-
NA B BIFFIRME EWFT.

A 53 CiR KB E. 54 Pl #4147 3 Ry~
¥ AT W R R R IR Y 600bp 24 &, 18N 3R(A
1:3), MFEEREXH.SREFRAEFII KN
516bp, EFFIRBEZBMFHSI Y FEFI M 10 4
Poly(A)E. 5 cDNA K B H FFI# 178D,
RBENE 217p —BRRHEE,. MEHESHN
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GEATCTUGATGE

E @
CCTTCTTCGTOCGLC AL
- o ;

i K ooy
WACGATE TUANCGCGGTGOAGANTCTGHACT
@ v ok A A
GAGATACCGOACT COACGACTACTA

I DL Y

FF vV R H

CONCTECATCGTCETCAACT TEGOGEATTCAGUT GG

I 1 ¥ VvV N LG D

Lk

CAGUGALGETGTENTET

1 A®
MCGTTIATCCCTCTGTCT TTAGTCC T

CTET TCTGTANTATG TTTACTATT A

BT AL T 558
Z-ACO ¢DNA

| CDNA & i B
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198 ;W MY 26 3%
BEA LR E 2 MREMNZR) . BT B ENFIINIES.
RN IREPYBETRFSE -DNA FEFIIH 24 HEACCELEEE cDNA 2 KN EBRHE

R, RiZEE G TR,
2.3 HE ACO EFE £ 1< DNA PCR ¥

LA P33 f1 P44 ¥ 759 ,.60°CiIR KIBREY H
1 200bp EHKIERF(E 1:4)., WFEHMTER
HREERBHLEEFIITEMER, F—SRIET

KESNEEBRFT _

RIFLU LW RRETE, RINEFTEEIAH =
c¢cDNA B Et@i it Vector NTI 7, 0 1 NCBI-Blast %%
HFRATHEEST. KRBT HRE ACOEE £ K <-DNA
F3E 2), ZFFIEERFFIRANN 1307 bp, i

£1 HEACOEAHSHEERFISCARTHEHYN ACORERFIIRREILRE

Table 1 Alignment of AY521566 and some plant ACO amino acid sequences in GenBank
K5 E4T R EHE B EXk &% B=
Oryza Phyllostachys Saccharum Musa Doritaeop- Zea Solanum Trifolium
stativa edulis of ficinarum  acuminata sis sp. mays tuberosum repens
HEESHEMNS Ac- Q40634 AB044747 AF442821 U55770 P31238 AY359576 AF384821 AF115261
cession No, in GenBank
|5 % % Homology( %) 86 85 82 72 71 67 66 65
ABO13101
__4———{:T AF384821
AB033504
ABD44747
AF049888
—AF442821
lL——Av5215686
FAP004058
[ L.Tto02754
1 l AY359575
—] AY359576
AF004662
Q39705
Jaz2274
P31238
AY598793
AJ223232
55770
[ UB6045
AJ604546
L i 505611
AB161946
P19464
ABO73009
P31237
U19856
AF115261
AF129074
X98627
u6821s
Y10749

3 Vector NTI1 7 M4 G AFR BN ACCEALBERBSNEERFIIRAINER

Fig. 3 Phylogenetic analysis of amino acid sequences of ACC oxidases

from sugarcane and other plants in GenBank database

HEME R AY521566 1 AF442821 &7 AF049888,Q40634, AP004058 # T02754 K7k F5: AB044747 EHr; AY359575 F1 AY359576
E K AJ223232,U55770, U88045, AJ604546 1 AJ505611 B % #6; AF004662, Q39705,JQ2274, P31238 f1 AY598793 2BHY::
AB161946 #4& %F ; P19464 B, ABO73009 #iF; P31237 4 U19856 R %, AB033504 Hi45; AB013101 H#i; AF384821
Lg%, AF115261 H=0t; AF129074 #k; X98627 IR ; U68215 AN ; Y10749 MR ACC FABERERHEREFK.
Among the entries, AY521566 and AF442821 are from sugarcane; AF049888,Q40634, AP004058 and T02754 are from rice; AB044747
is from Bamboo; AY359575 and AY359576 are from Zea mays; AJ223232,U55770,U88045,AJ604546 and AJ505611 are from Musa a-
cuminate ; AF004662, Q39705, JQ2274, P31238 and AY598793 are from Phalaenopsis sp. ; ABL61946 is from Tulipa gesneriana ;
P19464 is from Persea americana , AB073009 is from Diospyros kaki; P31237 is from Actinidia chinensis; U19856 is from Pelargonium
X hortorum; AB033504 is from Populus euramericana ; AB013101 is from tomato; AF384821 is from patato; AF115261 is from white
clover; AF129074 is from peach; X98627 is from apple; U68215 is from Curica papaya; and Y10749 is from Betula pendula.

BEFIMTF 126 bp, K HGF TAAMILR EF)

fiF 1097 bp, #HEF 23N EEBRE ., ZHEHEE
7£ DDBJ/EMBL./GenBank #t H ¥4 FEE #F, 3 0
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B3 AY521566,

MEREACOERESFHNEERFFSCHH
YK ACO FHH 65% ~86 N mEME, X+ 5
AR ACOREHREMHRET R 86 % , HKREEMN . F
EXE . FAERTFHHEY,. SXFHEADNDE
B A=HERFEMEE 65%~68%ZEEFE D,
2S5 HEACCEABERMSHNEERFI RS
AR )

%} GenBank [ElIRHE# RIFKB/BHHEEHEY ACO
ERERERFIHETREHILTT,. KA HE
(AY521566 F1 AF442821) 8 55 5K #§ (AF049888,
Q4063 BAK & I, HH 517 (AB044747) /K #§
(AP0O04058 #1 T02754). E % (AY359575 #
AY359576) KK FIH . RE 5 ZRHEA Y (AF004662,
Q39705,JQ2274,P31238 1 AY598793) . i & fl 4
# ( AJ223232, U55770, U88045, AJ604546 i
AJSOS61D R K, B E SN FHHEYRELS H (A
3. RE#UITERFTESHBIESRERTTHE
MRGHILXER,

3 W

M cDNA XEFSBEADERECNERAX
EPREEEHRL, TELE DNA #REA G HER
B AEGREM, T RNAERERIBS,.EEEH
Feff., RERTTEEIIMEEE RNA RAIM K
B. FIALEBEYTRAFAEH Trizol UNIQIO
HRX RNA #3250 &, 7T LULE 848 00 B ) 3R 18 4
Y& RNA, B RNARERHILS., BEE2KHNR
ReFTERE, ARRIEH R4S, B8 DNA
HDNAXEEREAENEFRERTHANT®.H

TAEEFMEERMRK, 3 —E A DNA F B
MERM S, % H PCR #1 RACE PCR F# M cD-
NAXETREEREKEBRMREREMRERK
. REHFEER, ELKED X FHHRIT 5
¥, DNA XFEF Y B HHE ACO ZEHF 2K (A
RN EERFF SMENHEMEY ACO &
HAEBERHFRER, UREERFIREHLI T
SR T RER GZ-ACO ZREMELE ACCH
HwEEEN., ZEFRNRB. WVE—FTHIESH
BERMEIHRNXR WERXHEXER B
HBRERUETFHRREAR XHEXERYER TR
HE MAEEERRRNWIT T T /. BAxER
HERSHEEE THEEEHTP.
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