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ABSTRACT

Ascorbate peroxidase (APX) is a hydrogen
peroxide-scavenging enzyme by use of ascorbate
(vitamin C) as a electron donor.
peroxide is a reactive oxygen species (ROS).
Plant APX protects the chloroplast, glyoxysome,
against ROS attacks
including hydrogen peroxide, and plays important

Hydrogen

peroxisome and cytosol

roles in the signal transduction of internal or
external stress into cell. This study indicated
that APX relates with the aging and fruit
ripening in strawberry, an economic Crop.
Generally, the cultivated strawberry cultivar is a
octoploidy containing eight set of genome, which
leads the difficulties on the genetic analysis.
Strawberry APX (ApxSC) is

several copies in the genome resulted from

composed of
polyploid. The gene was dominantly expressed
in the fruit compared to other tissues and was
differentially expressed according to the ripening
in the transcription level. The isolated genomic
DNA is composed of 10 exons and 9 introns.
The promoter region contained TATA and
CAAT boxes, whcih is generally observed in
other Several putative

gene promoters.

cis-elements such as ethylene-responsive
heat

region were observed. These elements might be

element, shock element, and repetitive

involved in the regulation of the expression of

APX gene and affect on the removing the toxic
peroxide such as hydrogen peroxide according to
the fruit ripening
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7 B3 Fol stk o] EF L =X xnu/o}
7131vl& st AL FFo|n 2001dE =
FTEEIAADG. 283 1970d o] SolA EAA
=% A5 vlee 2gdz A gy Sz}
EQdCl ¢ AEFrIPer EHPAL AP
d FFE MEsnz st A7z s Ay
H3 Jdod, 29 Y HAAT pBasn ¢
ool Y AYEFLA YL oL EZL )
37l M e FARY EFYF BAs:
TE&FAA] BHe )5S WHANY) 9% &
€0 ¥& Z2RHY MY FAARI& ¥
o] Adgsojor g},

2719 F&(fruit)e He) 2 wAFHoZ X
7} 0= FF(achene)d WIRE] XE 223}
T 3% (receptacle) &2 o] R0 glon WA}
Hog BHtg W, 34397 HAUolw, o
E5Y 24 F42YE FYo] ol a3y
AAZE FY(fruit)e) oldAAE BE 7S I
U(fleshy fruit)elelm B 9o doju: Mg
ARE Hx3dn A U o9 g @y
9 A8 de 2ARE g8 503 Hy o
Wzel S % 4(ripening)eletE A2 W
3}E Feo.

TolZAM ML
(Reactive Oxygene Species)

Ado F&o BAsE FA F E4H4L U
Bl &3l 8444 (Reactive Oxygene Species,
ROS)ZHH AEBMYE H33E JAslzars
FE e FAAT LA Jon, @ A
o= Ascorbate peroxidase(APX)7} B 315t}
HAgFae & ROSE AEo] AAE WY
A WAoo AlgFoETH MU= ARz
A, HEAZe B¢ A=A} vEZ ol A
o AAHY, H3-FUdLo PAsE FAo
o3 AP} (Fryer et al,, 2002). A48 ROS
HEAZ BAGA, 4% 2g S B
TAY WAIEZA, )59 AP BE v
AZE, T84, FELE, AYH A} 22 £

3712923, B YA 22 PA7F

o M orr rr

A9 T U o 3 STEu. gaty
ROSE W&-£9 2Egx w3 ez, o
hEAde) AXN BEHA MY A FlL B
g4z}, Axote &4 Fo] #TEd. may
ROS9| A3 #dlle AN AZUAA 7o)
O|FAANEE w9 AASA =A™ N Figure 1).
4’3€ ROSZHE HEANIEE B335 98 o
2 71ze] EAFY. SZEE]L, ascorbate(H] €}
20, EFAE 3 2L HAXA Fi3ER
o @4l F7/FEAY  superoxide dismutase
(SOD), glutathione peroxidase(GPX), glutathione
reductase(GR), ascorbate peroxidase, t© <%
peroxidase, catalase 59 At A A7 Z719
(Zimmermann et al., 2005). APX+ TAa}4= Ao
o} & ascorbate(HE}Rl C)o A3le Zujst: &
224, ¥ ¥29 monodhydroascorbate(MDA)
Ar71E e 982 938l Ao, APXE
HEAZ YoM dgd guz 80, g2
LEZvle] delmolse Ao Qe £8, A
EZvlo] EXde 7, AEAY L350 Y=
BHE EAste A, AxAg AFPEe Y= =

Peroxidase
hydroperoxyl
. radical Catsisse
HO,
moleculsr  superoxide hydrogen hydroxyl water
oxygen shion SOD  petoxide radical

+ H* M
0z p > 0, 2:‘% Ha0; - - OH ._4’ Ha0
U R U

Fel+

Figure 1. Interconversion of ROS derived from
molecular oxygen. Superoxide anion and
hydrogen peroxide is less toxic than
hydroxyl radical and hydroperoxyl radical.
Although the hydrogen peroxide and
superoxide anion radical is toxic to cell,
major toxicity of these molecules is
resulted from the production of hydroxyl
radical and hydroperoxy! radical. Various
antioxidave enzymes contribute to the ROS
production and scavenging(Allen, 1997).
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£ Z9 vt isoformeol LA U olE
isoforme A3, 712504, HA pH, AAAL T
o] ik o)A EAdo] th2rk(Shigeoka., 2002).

AZE APX REX

cDNA $#ZdA @45FF, A713d, AsA, F,
sut w3 w9 AAo], #A, ¥3d, £
Z3}(ice plant), &, EvtE T I HEA=2
By AZAAN 2 GE2AA, HSAEFY APX &
Az7r B2 5 2 (Pereira et al, 2005; Teixeira
et al, 2006), Ay 72 ¢5F, 4713 d, 27
o)A B35 YcHGenBank accessible).

APX w3lg Z3ist JEBALEHA

oM 4§ uis} o] A APX BAH2
ROS ¥A4<€ F/HA7lIE o8 7kx &728<09 9
3 9ge tetn 23x Jqod F 71A4Y 2
923, 3o %, WdT Fg, =3, A=
Zo o 2 ¥Aol Y. FWHE ©l 88
AETAY = 944 APX9 2dE& F/HIA
A% 5A @4l Z7 3uiet 168i7F FIHEUY
(Allen et al,, 1997). olg|& &4 ZF7te st
of o§ AgtrEF 2} FAs eI AY
He R, R AEAL FEAN 7
Agga AAZ F7tE AFHZ dojd Aoz
Mgk, 2 9ol superoxide dismutase®] #3
22 w@A el Al APXe] Edo]
THE 45 $AHAHVan camp et al, 1996)

7] APX $8X(ApxSC)e &=

APX9 %7 #d W YA JleE EATE
A EAMs7] g8 AA 2yl AYZHE AR
3 cDNA libraryE ©l €39 APXE 4¢3 3dste
§A2HcDNA)E 2% Az, 250719 oivixid
o2 FAHY oHaAs U435 sst A tHGenBank
accession No. AF039953). cDNAS] Fz2& ¥

A9 (DNAdJAM #AHE HAARYR 5-UTRHA
3-UTRY &A7F #&HAUHKim and Chung,
1998a). ¥2l® cDNAdAE APX7F 4EA=Z &
ws)=dl WQ§ transit peptide7t FE A o}
R2ad cDNAE MXA isoform® APXE #+#3
2 Ytn AEAAJY °olE cDNAE FujdlA
2ad APXS 8%, 139 88%9 AEA4E
VENAQ 2(Table 1), APXel 284 Fa3
A ZAL3E= 3719 olvlx=AH(His, Asp, Trp)e] B
50| e AL A

Table 1.
sequence and deduced amino

Homology search of nucleotide
acid
sequence of ApxSC to those of other
plant cytosolic APX(Kim, 1998).

Species Nucleotide | Amino acid

626/760(82%) | 218/250(87%)

Glycine max 622/758(82%) | 218/250(87%)
Nicotiana tabacum |612/757(80%) |222/250(88%)
595/755(78%) | 216/250(86%)

Pisum sativum

Zea mays

7| ApxSC FuXA e &d

AAHRNA) $&H z8¥ ApxSC -+
HEe BAS A9 o, 944, v, FA T H
& Ao A SuAE A3 LFHT JASE &

Figure 2. Northern analysis of ApxSC gene
from different
strawberry at turning (1/2 red) stage
(A) and at four stages in the process
of fruit development (B).

four tissues of
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LA Y dgoze WM AEA 2E
HAHFigure 2A). % #HY9 HsdAdz
dFEE =AY ZF F o)d Ael(smal
green stage)d| A= W@o] ©pjefdy, o]
g3tdA 42487 (turning to red stage)7hA
dHol FHSA F7HF F, wpxut A7)
4 Farde A& A3 AHFigure 2B) (Kim
and Chung, 1998a). ©l&Igt ZAFA+= ApxSC #3
o] d@o] T Mg ¢ wdy ¥ d@
Aol &S AN Fu

ApxSC = DNA &2 % &4

27l 4 Als DNA library2%€ ApxSC &3
el Ax DNAE 2@ 23 77 kbp 279
DNAE #s3iz, ApxSC #H=ts}
5’ -upstream, 3'-downstream # ¢ 2 H3tn ¢l
A HGenBank accession No. AF158653 and
AF158654). ApxSC Als DNA9 4L 9452
(Pea)e] ApxI$} ©fl 7] ol (Arabidopsis)®] APXla
o] Fxo Hxg 10719 d&3 9 AdEZ
2 F4H9 JA(Figure 3) (Kim and Chung,
1998b). <471 @A AlxA EJ¥ APX1be A%
de= o& HE9 10/ d& F A HA Jd&x
T WA o] dAHe JEE yE AE
APX A FxET 3y AYx, 2 ¢do| o137
7HA BRAS A skt & FARe] Z2rE )

ol

Figure 3. Genomic structure of strawberry ApxSC
and other plant APX including pea ApxI
and Arabidopsis APXla and APXl1b.

22 5-UTR(IGE3H790)0) R A Aso
A, ojeig UTRU A4<&E 71Xz e #
g9 AS FFHo=Z 1 LdHo A
4o 532 ZAR Ao gk olag A
o & AAI FHAY LHSE YA
| Bt A5 MM o Z2rEH B9
g 97 A8 AAAARAE H¥e T 2R
SRy A FEs 9 379 AN S
< #AsH o1F 5 WA A WA Ue
ATl A el AARAAZE 7+ Ak

L 1 e

in)

ApxSC Z22FH F4

AAAARA7 248 ¥, 4D B9 (upstream)
& promoter® ®¥3td o9 7|57 ZA 7
o W HAEE d& F UYHTable 2). 2
NS AAEE AAZERYI BAEHJD. oA
TATA 429 CAAT 427 -349) -104 Alo)j
ARG, AET2EQ LA o nge
UEtl=  ZH % 9(ethylene response element,
ERE)Z} ¢S AT a2lm EAF 02 g%44
3 BEE FEded ddss d2x3zAR
9 (heat shock element, HSE)S} 2@-& #4544
71< enhancer ¥ %7} &< @AYt 28
-850} -350 Alol9 @rlzAML ¥e 9327
AR A dASE A+T o] HF 70% oA
He ARz g2 AL &34 o8
HA4AA 471X = DNA o|FUAS 44 =
EF ©Eo] wEUEd ¥4¢ dAEs A
A2l A2 & AFstd AAE 9842 Ao
2 F89HKim and Chung, 1998b).

ApxSC REXtel 7| Al U
Exoat

@7] Alx DNAE o83 43 2yge =4 A
¥ELE A2 DNA AlEnig 4~6719) wWc=g
#2399 tHKim and Chung, 1998b). A} =7 =
& BoidEst $¥XY QAo Fragariavirginiana
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9} dolul2)s} Vel Yatel Fragaria chiloensis 7}
18471 @ #YoH ngdE ez 8uA
(Octoploid)del At wetd 4-6709 &3}
e oleld thilx 5402 f58 e Y
=) ol2lg AL dUF drIHde A1 A
= ApxSC 7l DNAE Ee2lstd BA#e=A &
A& = URAHKIm et al., 2001).

o 7| njel Mo M E HIA|=
(Peroxide) g4

By AH&aAE 58AE Uye HEA=4
g3 24 A, A AR EAY MG(mature
green) ©A7ZA ZAscst @@ 7)(turning to
red, TR @ADoIA A& (Peak)E °1FT7t 2 o
Fe PBistE AL BAFJANFigure 4). °
A AL 27|GAE AYsae ApxSC #4
2pol wrAgAT FAHE RS & F AYSG F
TR ©AANA 2AHE& Y.

=7] ApxSCY dzlH J|s

g7 Hge] AH|(TR dAANE HAAH7L
S5, g&2(Chlorophyl)# FHZE|xo0l=
(Carotenoid) RAlo] ZAadth 4249 7IREH
o= = FAJZTHAEZA, ol ¥Fol Fagd

| ./'\

T " 18

mM peroxide 100mg Tissue

Days afler anthesis

MF SG MG TR FR

Figure 4. Peroxide concentration during fruit
ripening of strawberry. Hydroperoxides
form a specific complex with titamium
which can be measured by colorimetry.

The absorbancy was read at 415 nm.

g AXE FREPALY FHd o3 JHRELE
dl 2 (Oxidative stress)& etk Adst AEA
2 IS AaAY g AXIRY HASAE=
7} &9 g ApxSCe FAL olgA 3
A H2A=d o3 FEHO, & AA
B Aoz Az =By #HQ L 279
He&AE 2HL & THEA 7IQEE Ae=
2R, o] A7]9 FABVPUALZRE Y HE
B3 g4 T FasEz A4, e}
A, ApxSC7F obd th& peroxidasedl oz °|F
X1 UL Rog AREG

Table 2. Comparison of Genomic Structures Among ApxSC, ApxI, APX la and APX 1b.

Differences APXSC Apxl APX la APX 1b
Plant species Strawberry Pea Arabidopsis Arabidopsis
Expression Yes Yes Yes No
Intron in 5'-UTR Tes Yes Yes No
Exon-Intron 10-9 10-9 (5:58) . ( 19 +_28) .
CCAAT box Yes Yes Yes Yes
(position) (-104) (-147) (-236) (-236)
Heat-shock elements Yes Yes Yes Yes
High A+T region Yes Yes Yes ?

« : The exon-intron structure is different from that of ApxSC. That is, 4+5 indicates that the fourth and
fifth exon in ApxSC are ligated to one exon in APX la.
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2 F

7)1 9E A4 rlAIARE AL AE AR
WA Ao £, AslHAY #E, YaM T3,
HEAl=e] 3 Fo] fFEHT. olF e T
AHE oA & o g2 M EG2s Fu3
9. ol & 2E#2d diAdE 7)3te suaA
ApxSCe #3z9 2HS FE3US Roeg B
. APX9| 71dQ Fisieie AU HEH =
Bo] L viAY, LA AFHL ZAm,
ol oAl HZA=e FFE 7N olg F
3 AHE7L e ASfEEdAE HAFATE W
71724 APX7F #@® Aoz FAE2UYE 5+
Aot ey B7] el F&mAe e APX
o] Fdo o3 HEH + glon, APXE #Y
W F2e H4E fE81, £FFEL §U5sy)
o g ojAtAMIES PN AINE ATIHFR
A& 7Fsdol Utk ol9} o] Held ©r)9 APX
T Ag2EY 20 AYPE FA3y] 98 FA%
Yo 2A o]fo] 7tEatm, FKoAe] SAT 2
E4& 0]8¢ Z2RY N Fo ojlgd 5 9tk
A ole] W3t AF7} A& Fojrt.
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