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B2 BAEL B R, HAMD W AEES R

AR WA AT I, R4 R M A PR AL AL TR S S2ie 38, FREE 1] 361006; 2 HEEgIITE KL drkly
2, JUREHEWRE Y TREE S, M 5106315 CE ARG RGEIREYIS R E, AEEET] 361002)

A AR i S L s & F e b2 R H RIA

B OE. MWG: (Phalaenopsis) 1 rERESRAT T PUR LR I EALMIBEIE R (APX) [RIF5, a4
2 PhAPX (GenBank &35 . FI161977). PhAPX cDNA 4K 4 1320 bp, SE3EHIZMILHE Sy 747 bp, i
i 249 NMEIERR . LY BB W85 R, PhAPX J& T S W WBEZ % Class T IR, PhAPX & [11]
BEZ TR APX, SILABAEI APX HIBLPERE o real-time PCR 4347 & W] PhAPX J& AN il ik [ %k
DR, 7EMSIGE=AR, 250 Wb QRS SN EA Rk . WU SRR AL BT RT LIS S PhAPX Rk i, #
W1 PhAPX 71 3 [ 40 o 2 7 1

KEEIR: WIS, APX; JoBE; Kik; real-time PCR
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Molecular Clonging and Expression Analysis of Homological Gene APX
from Phalaenopsis
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Jun-mei'

(! Fujian Key Laboratory of Physiology and Biochemistry for Subtropical Plant, Fujian Institute of Subtropical Botany,
Xiamen, Fujian 316006, China; * Guangdong Key Lab of Biotechnology for Plant Development, College of Life Science,
South China Normal University, Guangzhou 510631, China; *Xiamen Overseas Chinese Subtropical Plant Introduction
Garden, Xiamen, Fujian 361002, China)

Abstract: The APX homolog sequence, PhAPX (GenBank accession No. FJ161977) was cloned from
Phalaenopsis plant. The full length cDNA of PhAPX was 1 320 bp, has an open read frame of 747 bp,
encoding a protein of 249 amino acids. Bioinformatic analysis showed that PhAPX protein shared the
characters of Class I of peroxidase family. Amino acids sequence analysis suggested that PhnAPX protein
might locate in cytoplast and PhAPX was highly similar to other APX proteins. Real-time PCR analysis
showed that PhAPX mRNA, a broad-spectrum expression gene, was expressed in the organs in
Phalaenopsis including root, stem, leaf and flower. PhAPX was also found to be up-regulated by wound
and NaCl, which suggested that it might play a role on stress.
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i == (Phalaenopsis) J&#ar A 2%, e ZRMEY T ARRE ) 2 I RIS 2 —. i
ok, RIS T IR F AR Y TR 22 1K) 4 I8 E F R, (R A58 h AME AR D) K A7 T
1) A S M AR — 20 Y FH (W B iG « EARI WA TR R T, TR BE R B D)3 R ok 4%
U1 2 F B EMA R TR (ROS) S BN, SN T 5622 (Lee & Whitaker,
1995, FEM S EEX Ak /3 AR . AR NG SA AR S Pl HEAE A (Takahama &
Takayuki, 2000; Takahama, 2004; AR %%, 2005; Dan, 2008), FHA7EK A0 FE 7 il
T —RANPUEAMRY PR R B E ROS HIBEPE . MY A LU Bk giid i, AT moK-FaE L
WA IRES, HATR EPUAALEES T (Park et al., 2004), HUAIMEZ L A 4L YIEE (EC1.11.1.11, ascorbate
peroxidase, APX) PAHUINILIR A H T b4, 35 4 03 B M SRk 244 2= A2 (1) H,O, (Jespersen et
al., 1997; Ishikawa & Shigeoka, 2008). HETMPIFIFF. Fhli. Bivi. HE. AAFSF2MHHEYTC
Syl T APX JEN, 7R mih AL AR AR G A RIS TR N, SRR R AR A
JopE g N AH G (Mittler & Zilinskas, 1994; Jespersen et al., 1997; Park etal., 2004, Zhou et al., 2005;
MRF] %5, 20100, MY Bk IR R APX 5 P01 ¢ RACE R D, AL AT B >
il T PPO Fil POD IR (VAL 45, 2009; Xuetal., 2011), N#k—3 T AERMAE AL S HT4A
ARG A AR P VR T, ASHIEGE MBI 22 vh e B 1 APX J TR, T M1 22 A N 1 I 25 3B 1
0 S X WU A S5 R s A P30 PR 7, kg 0 A A T I e 2 v A A e A S A o ) A R R i

QY ZiE SRS DARE

1.1 ##l

RG> (Phalaenopsis) fhfl “WiR4L W H) AREIEI T . FEFERE TAET 2008 AL
R K22 R AR B se i, FEERIA TAET 20102011 SEAEAR H 48 W AGH R IR 5T BT k4T

1.2 PhAPX &K ERF =&

RGO 8 ALY R APX JENF ), 24 DNAStar [FAIELX, o AP, itk
S 514 APX1 F1 APX2, 1 B4 T A TRE ARG R AT G CRFD. R Trizol V24U
W22 I A RNA 5% ¢cDNA, PCR §734 H 1 v Bto LA 3'RACE 1 1 i sk 3k A3 (1) cDNA A
B, H APX3-1 45 3738 1514 3'RACE 2 #17 3'cDNA Ky 8. PCR FL/F N : 94 CAME 3 min; 94
CTANE30s, 55 CiBk30s, 72 CHEF 1 min, 32 MEH, 72 ‘CHEM 10 min. K H#: PCR FH
5"5 5514 APXS5-1. APX5-2 5 5'RACE Outer Primer Al 5RACE Inner Primer (£ 1) 3T APX JE[A]
594 44 . PCR FEJFPA 94 'CAZE 3 min; 94 'CA&VE30s, 55 CiBK30s, 72 CLEMf I min, 30 4
PG, 72 CHEMP 10 min. /745 RE T Bditseq S G, K1 APX 2K 74, 2T Internet [
DNA FIG R 45087, FIF NCBI ) BLAST FEF#E4T (http: //www. ncbi. nlm. nih. gov/
BLAST).
18 ] DNAStar #4543 87 52 0 P i 4HE CORED, 311 Clustal W R8T 2 518 751 £ 4k
b (multiple sequences alignment); A MEGA3.1 AR TH AL (M43, K H bootstrap far %%,
BRIA AR IS (Poisson Correction) fE N THEEEES I /574, 1 000 (XHE K. KH SWISS-MODEL
(http: // swissmodel. expasy. org/) XTI >~ APX ) 2 &5 BEAT T, H #4F Weblab Viewerilte
4.0 AT HT
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F1 BTG APX BETERRENSIY
Table1 Primers used in the cloning of the full-length cDNA and real-time PCR of PhAPX

514 Primer EZ.MJ (5739
Primer sequence
Oligo dT S-TTTTTTTTTTTTTTTTTTTTTTTTTN, N-3'
APX1 5'-CTATCCTACGCTGACTTCTACC-3’
APX2 5'-AGCAAAGAAAGCGTCCTCGTC-3'
APX3-1 5'-ACAACTCTTACTTCACCGAGCTTCT -3’
APX5-1 5'-AGAACCTTTTGTAGCATCAGGGAGA-3’
APX5-2 5-ACCTTCCTCTGGGGGTTCAGGCTTA-3’
5'Race outer 5'-CATGGCTACATGCTGACAGCCTA-3'
5'Race inner 5-CGCGGATCCACAGCCTACTGATGATCAGTCGATG-3’
3'Race 1 5-GACTCGAGTCGACATCGATTTTTTTTTTTTTTTTT-3'
3'Race 2 5-GACTCGAGTCGACATCG-3'
APX-Ql1 5'-GCCGATCAAGGAGCAGTTTC-3'
APX-Q2 5-TTGGTAGCATCAGGGAGACG -3’
Actinl 5-TGTAAGGGACGTGAAGGAGAAG-3'
Actin 2 5'-GGTCATTGATGGCTGGAAGAG-3’

1.3 real-time PCR 947 PhAPX 7EMfIE = R R ERHIBY R Ix

FR A AT 56 7 B 15 21 AR TIGE == APX R AT N 23R (Actin) BEiH2%8)6 52 &= PCR 514, 43510
APX-Q1. APX-Q2. Actinl Fll Actin2 (3 1), $EHUMIME2ML, 25, mh, JERE. fE. B35 RNA,
SR cDNA AR, R 2868 PCR X APX 15 AN [E BB (15 8547207« 48 Bio-Rad CFX96
Real-time PCR 134T, SN AR R IELH], [N 25025134 TaKaRa SYBR® Premix Ex Taq™ (Perfect
Real Time) XF &t B T. 95 CHIAEME30s, 95 C 55, 60 C 31s.
1.4 WHHE= PhAPX XF#4# 15 = F0 Eh BB B Mg K2

KPS > N AR TR 2 2 B R TR G AN EE, AR AR 30 ~ S0 YK, 64 24 K148 h 54yl
UM, 4347 PhAPX Wi R 53 43557 FH 100 mmol - L™ NaCl #1300 mmol - L' NaCl 58 &b F b ik >~

ST, ACFE 6. 24 F1 48 h G HUAE 2 4047 PhAPX ik, LIS /KBEHEANBE 0TI, 4 7E 24 ‘C4
IR IR PhAPX [k 0 v fA] Lo

2 HEREHT

2.1 WIR= APX ERE 5 EFFT ST

R O ki ) A Rl APX BER 751, Wil R w5149, PCR F=#I7E 400 ~ 500 bp kbAFe5H
P CE 1, AD K H I BERDBGI 78 NCBI A8 R 45 R, %) By C& k1A 17K F5 (Oryza
sativa, NM0010672776). LK (Zeamays, NM001112030) (] APX /541 —&ME 5514 81%F1 80%,
Ui B ve 45 32 (1) 7 BOA APX B K 7341 . 3'RACE il 5'RACE R85 % APX cDNA 341 3" Fll 5%

(K1, B. C)

LFPH T S e R, TORERAT P N B >4 1) APX JEIK, dr oA PhAPX, & Tids e
B BE R K1 Class | ascorbate peroxidase, JLJF417E GenBank &5 4 FI161977. PhAPX cDNA
AKh 1320 bp, BLAGHE CORF) 24 747 bp, WikiiZr 514 173 bp 19 5" - JERHEIX (5-UTR) i1 396 bp
(1) 3" - ERIEX. (3'-UTR).
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M 3'RACE M S’RACE

bp bp bp

2000 2000 2000
1 000 )

1 000

750 750 1000

500 500 750

250 250 500

100 100 250

1 W= APX T2k
A: APX JBt; BRI C: APX ) 3'RACE F1 5'RACE.
Fig. 1 Molecular cloning of APX cDNA from Phalaenopsis
A: Fragment of Phalaenopsis APX gene, B and C: PCR of 3’'RACE and 5'RACE clone of APX.

2 DNAstar 73 #7 (& 2), PhAPX #ifish 249 AN LR M H2 1, pl 4 5.20. 5 iA% (Elaeis guineensis,
ACF06591). #i%3j (Vitis vinifera, ABX79340). 1>k (Zeamays, NP001105500). %.%; (Fragaria x
ananassa, AAD41405). *£Z-%5%5 (Vitis pseudoreticulata, AAZ79357) APX Mz FEFR— 53k
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Tk Zea mays
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BiHE Fragaria » ananassa
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W% Phalaenopsis DED 250
ﬁ:“;ﬁm]mlu pseudoreticulata) DED 250
T4 Vitis vinifera L DED EQG 253

2 PhAPX 5H{t49# APX EBLXWEAR
OSBRI SRR, BROMEORMAL R A SR, ST N 5 R SR A B AR A G IR 7 ARSIl AR R
Fig.2 Alignment of APX sequences

Amino acids identical are highlighted in black residues conserved for ascorbate and heme are marked with real line and dotted line on the sequences,

respectively; Arrow for residues involved in electrostatic interaction between dimmers.
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89%- 87%- 86%- 86%-. 85%; HMITESTHIA 94%. 93%-. 93%- 92%. 92%. MZFHEYI il
(1) APX JEAL, P41 Lot 4 SR B HE 3 Hh 1) 2 R R 7 41 [ R AR =y (Lucet al., 2007).

K DNAstar #AF) Clustal W 7 VERET 2 B FILEAT, WIESE APX R e 8w (B 2), i@
it MEGA 3.1 #J8 APX RZEHELH, AT ILEIIE 2 PhAPX 5 115 A2 (ACF06591) . % ( ABX79340)
BOCRM K, RGO R BIE (K 3).

HIAE Elaeis guineensis APX (ACF06591)

75
35 &y Vitisvinifera APX (ABX79340)

W% Phalaenopsis APX

Bi#F Fragaria < ananassa APX (AAD41405)

23 28 MHBL Nicotiana tabacum APX (BAA12918)

o G Capsicum annuum putative APX (AAL83708)

‘ EHK Zea mays APX (ACF87724)

80! 2B K Hordeum vulgare subsp. vulgare APX (AAL08496)

AL E R Vitis pseudoreticulata APX (AAZ79357)
63

A A] Theobroma cacao APX (ABR68691)

Z54E Cryptomeria japonica APX (BAE92285)
93 TR Pinus pinaster APX (AAR32786)
L L L

L
0.08 0.06 0.04 0.02 0
XS 43I ] Relative divergence time

3 APX R4k
45T neighbor-joining J7 VM) E, MEGA 3.1.% 17 AL 7- 4R bootstrap {i, FE A 1000 K.
Fig. 3 Phylogenetic tree showing relationship between PhAPX with other plant APX
The tree was constructed by neighbor-joining method, MEGA3.1 the numbers at each node represented

the bootstrap value, with 1 000 replicates.

3 7E http: //www.cbs.dtu.dk/F1 http: //hc.ims.u-tokyo.ac.jp/iPSORT/M 3k 43 #1 PhAPX W41 Jitd 52
P, G5 RIS 1) APX B ARG E SR, WA B - SRsin Sk (R ARS 1D,
B =2 APX ZRIA 1A 1 AT e s T M i Y APX.

FIH] http:  //www.expasy.org/prosite/f) ScanProsite g, FF45 NCBI ) CCD 43 HT H HE X i it
=% APX [ ZhRESEEAT 20 81 - PhAPX EAGPUIR MRS, & (7 o5y LT F 45 A0 R K 25145 500 s (&
2). Pro-34. Arg-38. His-42. Pro-111. His-162. Leu-163. Gly-165. Glu-192. Leu-210. Leu-211
N SR EE A DS A AT AR ST I FEFR s Pro-34. Trp-41. Pro-126. Lue-158. His-162. Leu-164. Gly-165.
Ser-180 JE ML ZLFR &5 & X AR ST )2d 6 (& 4), H i) His-162 RN LL 3R 45547 1(; Thr-163.
Thr-179 F Asp186 & K 8512545 IX AR 7 R IE IR -

2.2 G APX R HFR N

SWISS-MODEL Tiiill ) PhAPX B4 10 /> o #)iE, 4 B &, ML FEE Fe 5 APX SAM
His-162 JERBCATBE, [R5 His-168 CRRHD JE &S S APX SREHH45 5 (K 4). PhAPX 4
S5k 5 PpAPX. U I+ APX () A5 AL, LR~ BIHEAL DX S A7 T 10 4> o BR)E 2 (Patterson
etal., 1995; Jespersenetal., 1997).
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- k Ser-180

- !
 His-162 l»et!%‘l Gly-165
-

B 4 SWISS-MODLE Fillli PhAPX-3D Z5t4E
Kh &k 7R 5 I LR S B 2R
Fig. 4 The tertiary structure of PhAPX predicted with SWISS-MODEL and edited with Weblab Viewerlite 4.0
The conservative active residues, which contract with heme, are signified with line-ball and

stick spatial configureurations, respectively (green) .

2.3 PhAPX 7Ef#ik = & 2 ERFTIE

FIHFE N2 B PCR HiA, 4T PhAPX fEMIS 2 RIbR P [ 3e3k, SRA 27T IR A BTk N A b 3
R, DAERRIA T NS AEME, 45 R WIMIRE A, 25 L JEFIAEREHS T LLR U 2] APX (114635
FCrpAE 2 M RIS B EE e, AE N RIS ERUIR (&1 5).

W = o N N ®
— T

MY FIER

Relative expression of PAAPX

S =N
T T

11

i £ gt pGRA R BE W 1B
Root Stem  Young Mature Old  Pedicel Bud  Flower
leaf leaf leaf

5 PhAPX & fEiiE =T R RiE

Fig. 5 Comparation of the relative expression level of PhAPX gene in difference tissue

2.4 PhAPX I3 #H {5 = F0h B8 B M Kz

K Pt 5E B PCR HAR Wiy > APX 235,  DAAC AL Ry B 2 ol f e, DLH I A4
FEUE, ERRY], PG FEATL 6 h FiAERL, fF24h B LTF, F48h FikE B E N, Al
APX F PR 405 0 ¥ 35042 . APX X 100 mmol - L NaCl 43 5 300 mmol - L™ NaCl Wi S 4H{L, 7E 6 h
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FikwE LTF 324 h MUEFFAER R ACERIL, 48 h N FRAK, W] APX X EhFrE S N R B 1
HEA BFRREZES (B 6).

3.0 1 [] ¥4 Wound
v [l 100 mmol - L' NaCl
5 237 £ 300 mmol - L'NaCl
= L
" 2.0
K g
®E 1s5r
' &
Z 35
5 10r-
=
=
2 05|
0 X HE 48

AL FEBF ] /h Time of post-treatment

E 6 PhAPX %5 EfREk B AN KL

Fig. 6 Comparation of the relative expression level of PhAPX gene in response to wound and NaCl

3 e

APX TEREAL PRSP MRS R, A HTIESE PhAPX (LR P41 5 Hotb b s vE AR v, Bl
PURMPREE G705 ML RLE G K BP0 JRPLEGIX, SHAMMYH APX HATH IR
TRAF L. TEm A h CARIE R 4 PR 40 e AR TR, 230000 cAPX (O A T & Edk
AT, mbAPX (FRAE T i A AR B4 ), tAPX (GREE1R APXD Fil sSAPX (ki APX)

(Shigeoka et al., 2002). AIRE 50 ) PhAPX 4t i) 8 (A AN B A (5 S Ik &h M), al RE20 A T M
t, b cAPX. Zit5rHT R B PhAPX nfig )& T MO ALY APX. & & A T A 5 APX # A
AT RSE I 7 N R EE (K 2), XEIRELS 5 AR IR I E HA/ER] (Patterson & Poulos,
1995; Jespersen et al., 1997), ULHHMMGE = APX 5 H Al )it APX —FF AT g2 —RARS . (R
AR R I, PhAPX 54040 T HAMZBAL () APX A, A 2 A Ca® " &5ar i, S5 IF cAPX
—Ff (Jespersenetal., 1997), AT AN 4)E K 4544754 (Thr-163+ Thr-179. Asp-186).

APX & T AR Ui e B —Fl, BeE s SZ PEE F CEvr 2 M h A #lkiE, 241 PhAPX
R PR X 40 2 R 6 AL A e S T DL, T TR APX SR S R SR I A W, ek AL A
B R, e N K TR TR APX [ 6 DR g i) SR it RIS A 46, 2007) . T4
FEPIPCEA I PIHLEIAS TR, PR AE P R TR 5 2 n &5 A b e RS B R Y %R 29
P L PUENFI S SIS BRLRE, BT DA gl e A — AN SE DR 2 3ol 1 3R TR ol Uk B T 2%
TR o A UR B AR W GE 2= 04 A 0 T 70 7 28 P A R B, SRl PPO V& 1A R 58 4 4 i R A 11 A (IR
A1 AE, 2009), TEPUEAALT ZRERIAALE L RIVER, BRI AR T R ) 22 Bl 3L F 4 R LR
bl N AU T SR = T
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