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E: 3 R0 (internal browning, 1B ) 2 il 438 & =Mk &2 &, 1% F 19 &L R 2T 836 4 (reactive oxygen
species, ROS ) JAR 15, FTHEF A Z 48 1LH ( polyphenol oxidase, PPO ) 5 ¥ 8 P4 5 25 S 4 I A 14 1% 35 Ak &) 4, e
Al AL S A BRI . HLE TS R RA ARSI BRT i ROS, ZEFRFHLIR ROS WIBIA T . A RS2 i 1 FH bt
FALFRIPLIRIMAR (ascorbic acid, AsA ) AFRIG T J§58, R RCESE R.OHE nAG, SRR R PLEE i A W14
YUK I 2 33 B AL W (ascorbate peroxidase, APX, EC1.1.11.1) &2 1 281 2L 255 AL W, DIPTSR MR AE A5 e 1) i {3t
W, ki B RSk, S5 2R KR GBS BRMPNE RN . AR L 6 4 ACAPX JE[H, X H .0
KA R K AsA ALBUS BO5E SEKCEIEFT AT, B ACAPXL I IR ZE IV J5 MR B S IR Y. AsA ALEE, 9d M 12 d A &g
E FIRFRIR R OCPE T R I, AsA AL B S (3 B R TR A S ACAPXL BEIRI 3R IA /KT 5 k25 IEAHOC S 45 R 3R U] : AcAPX1
R R AsA AbFR, TTRETE AsA REZEHE S ML P R R EAE R . b THE— PR HAE AL, DA B A rh e pE )
ACAPXL LK, il ik A= WA B2 A3 T W LA I . B SR AR A T AT o SRR T S AE R B 753 bp,
Hifi% 250 NEILER, |ASTEWIMN 27.410 87 kDa, FRIGEH SN 5.52, LEBRIBEKX, B TFREEKEER; &
FERIFHILLXT AT R, 3% AcAPX1 5FAIN., FE . BT . AR FIIHELIES 85%LI L, X AcAPXL J:H 1T
e R HEA MO RESM A . KGNS REYEAM S (BFEK: cl00196), & THY TS LyrE
G BBt o ACAPXL ik PR 1) e Bkt ~F ik 9 HL A 0 35 bt S Ak g 00 v 8 43 WL B R0 A B TR LA E R S RS

ZE LRI — ARG W ACAPXL R R 2 5 AsA Wil ROS, HEZE 2L AL I 43 F ML 25 22 3l
KEE: WE,; BOIR, PORILRR S S Y EE; qPCR; ke
FESES: S436.68 X ERFRIRAD: A
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Abstract: Internal browning (IB) seriously restricts the development of pineapple industry. Its occurrence is mainly
from excessive reactive oxygen species (ROS) causing membrane damage, which breaks the original compartmentaliza-
tion between plastid polyphenol oxidase (PPO) and phenolic substrates in vacuoles. It polymerizes into quinones after
contact with oxidation. The antioxidant clearance system is able to remove excess ROS and maintain the dynamic bal-
ance of ROS in the body. In early time, our laboratory used ascorbic acid (AsA) which can effectively delay the dete-
rioration of IB of ‘Pairs’ pieapple. But the reaction mechanism of AsA is not clear. Ascorbate peroxidases (APX,
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ECI1.1.11.1) are heme-binding enzymes that reduce hydrogen peroxide (H,0,) to water using AsA as an electron donor.
It is involved in various developmental physiological processes and stress responses in plants. In this study, we selected
six APX genes with AsA as the substrate in pineapple to analyze the occurrence process and the ascorbate transcript
level changes after the AsA treatment. ACAPX1 was significantly upregulated at 9 d and 12 d after AsA treatment and
was significantly different from the control group. It showed that AsA significantly enhanced the ACAPX1 expression.
Correlation analysis showed that the incidence index of black heart disease was significantly positively correlated with
the ACAPX1 expression level. It is speculated that this gene may play an important role in AsA delaying IB with pine-
apple. To further explore the mechanism of action, ACAPX1 was cloned from the pineapple pulp. The physicochemical
properties and protein domain were analyzed by bioinformatics analysis. The results showed that the open reading frame
length was 753 bp, encoding 250 amino acids. The predicted molecular weight of the protein was 27.410 87 kDa, and the
theoretical isoelectric point was 5.52. There was no transmembrane helix region, which was a stable hydrophilic protein.
Amino acid sequence alignment analysis showed that AcAPX1 of pineapple shared more than 85% homology with papaya,
banana, coconut and oil palm. The functional domain analysis of ACAPX1 showed that it had heme binding sites, K" bind-
ing sites and substrate binding sites (superfamily: cl00196), belonging to the members of the plant peroxidase superfamily.
Cloning of ACAPX1 is of great significance for studying the molecular mechanism of its antioxidant capacity in pineapple
and the control of internal browning. This study would lay a foundation for further exploring the molecular mechanism of

pineapple ACAPX1 involved in AsA clearing ROS and delaying the deterioration of internal browning.

Keywords: Ananas comosus; internal browning; ascorbic acid peroxidase; qPCR; clone

DOI: 10.3969/j.issn.1000-2561.2023.03.017

3% % [Ananas comosus (Linn.) Merr.]J& KZLR)
KA & ZAF L i SR BRI, R AR =R
Pk R Z —, WK EIRX P FELFAEY
FEERERE . R I, mE. BREES
(X))o TTARAZETRE G Z AL — KRG, HIHk
ARl PR g, AR LA 35 639 hm?,
FEEETR 111.0 J7 100 SR LR 9 # AR F I
JE A2 i 3 (BB &) & A= 2200 (internal browning,
IB), fli R85 2= RN BAE A, SRR
T SR R, TAERE ) A BE 4R e, 2 AP AE P LA
T W SR o of ™ AR AR P

RO AR (B <25 'C/20 C ) 5l
A BRR JRRE | %00 A Y S5 o R A AT A
AR U4 i A Ao X AN ] el 25 0y o v 3 £ 8L Z 3 )
R, KRR B RR BER . obiik
L S I A - R R S &3 2 s R )
( reactive oxygen species, ROS )& w44 il . 1] ROS
()it i AR R A AT, R A S AR A
figit Ak . DNA $if . & A A Sl FE R
XPATLAAR i BV 8 ) R NE o 200 b S 45 4 1y AH
AR A R AE BT 53 9 pl T F 8] SR IR A K i ) AR
R, AN AT B E i, 47
g J55 o DX 3R AR R 43, S O AR P9 1 22 W S AL T
( polyphenol oxidase, PPO ) 5% i1 N il 24
Vg s b, i AO8 UL BRZE M T, 5l
R A AR,

AT 4ERE H B ROS B sl V-, A kA
— R Y EEE A B AL B R & R
VARG EIEPUAINER (ascorbic acid, AsA ).,
W JFERIZS B H K (1glutathione, GSH ) 2551 ALY
BT, AR B A A B 3R 40 A R PR il R i 4
AL (ascorbate peroxidase, APX ), 4Bt H ki
AALYIE ( glutathione peroxidase, GPX ) 1R
b2 fme U H A R T KR R R 4
AsA-GSH ¥ R4 1 GPX fEH &4, Hh
AsA-GSH B3 RGEAEPUEAL B0 rh & 454 25
PRI, AR i 0 PP AEAR ) AsA Rb PR 5
CELED R, ZEL AsA B EEUDHLIA N H0,
S PG REEE RN PPO TR, B R BT
TR GO BT A AL Y G R, BG I 2 b A fk
fEJ1, ff ROS B RN ST, 52 PR Y 25 2RO
TR A, FEZ ORI &R (H AsA 7E
For iy & AEBLT M A8 . APX 1N AsA-GSH
TR RGP VTR, DL AsA AL FILA R
H,O, #4058 H,O, W BRHLA L £ ROS, IAFI4EHF
ROS B&MHEM", 5 AP LI APX i i 7
FRAYIR N H0, Z SHEYIM 20 & & A B e
FBA R, 1, ZHANG U5, %Kik
OsAPX2 1] LLE BRTE M4, 4R KR4 i x5
ER ARG AT 327 ; ZHANG 26071 i S5 5
NI E CIAPX B#AIK T ILF R T Ha0,
ik, BABRMMNATTZ M ; CAVERZAN %1
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W53 chlAPXs 2 5K DL E AL E T LG
YE R AR I 4R

AW 58 N 3 B 3 AL 508 B P ( https://
phytozome-next.jgi.doe.govinfo/Acomosus_v3 ) !
e 6 4~ APX JEIR, X B0 & A RE DL T
I IR Ak L 1) 5 s KA AR HEA T 40 B, R IR
TR IR A i 2 15 ACAPXL JE[R K1k, Ao
PO BT & BE, AsA AbHS 9 BB R RS
ACAPXL A Kk /K P2 2 IEASG, Btk , fE AR
ACAPXL EE[HTE AsA FEZE U Ak Hh A 4% 2L
YEM . RIRFEHAE B, #F—2P5afE AcAPX1
FH, Iz N T R [FUE R
FERR LT SRR . DO RBES A A B DL SO
L E AL S — RINVAEYE B =00, IR
AcAPX1 J: [N 2 5 AsA 15Kk ROS, HELZ RO %
A 53 BLI 5 Al

1 #REFE
1.1 ##

T R Ak B L AR ¢ L JE ( Ananas comosus L.

cv. Comte de Paris ) i E AL, FEACR T
PF L B2 5 R R VE W It 5 T 2 28 ol
Hi (21°102"N, 110°16'34"E ), HLIRIMAR ( AsA),
4B 99%, W ATUASI ISR Zy ( L) oA
PR

1.2 Fik

1.2.1 KGRI ikF RNA I Pk IR H
F L TCHUEA 1, R SR/ — B 7S R 60 4,
H 0.5 mg/L WREF iR 1 R SEKHER 1 min, B
AR BT . A HC 30 MR, RIS KR
0.2% AsA KEWEARLIEH 15 min, fFMF
J&, BT 5+2) CgEAa S, 400 T o, 3.

6. 9. 12 d RTHCF/C ARIA, B, AL
BB DRSS B e S O g, W
AL, WHE, F Quick RNA isolation Kit ( Jk
SRR AE M HOR A BR A F] ) e iE FHAEY) RNA
FRBORF) &L H RNA, F3EM TransStart” Top
Green qPCR SuperMix i 7] & [ % 5k & i cDNA,
BT-20 CUkAi & H

122 %% APX EE#FRF oM NS E
ZH K ¥ % ( https://phytozome-next.jgi.doe.gov-
info/Acomosus_v3 ) "RIGHE % APX HHFH,

| NCBI Primer designing tool( https://www.ncbi.

nlm.nih.gov/tools/primerblast/ ) #17x& & 5| Y% it

(1), it 44 TransStart® Tip Green gPCR
SuperMix 7| & #1770 & PCR e, Hr,
R Z N 20 uL, cDNA ¥z 1uL, 519 F

(10 pmol/L ) #1 R (10 umol/L ) ¥J°4 0.4 pL,
2xTransStart® Top Green qPCR SuperMix 10 pL,
Prssive Reference Dye (50%) 0.4 uL, Joi 2 B 17K

7.8 uL. 7E Roche LightCycler® 96 #¢ )\t 5E f A% itk
TPy, WP : BN 95 °C 305,
PEIR . AEPE 94 °C 55, 58 °C 30 s, 40 MM
L MINZE .95 °C 155360 'C 1 min; 95 C 15 s,
TAREAMILE 3 AEE, MXREERAH 27
BT T

x1 AHARFASY

Tab. 1 Primers used in this study
519 l¥Fs (5-37) ik
Primer Primer sequence (5'-3") Application
qAcAPX1-F TTGTTGCCGTGGAAGTTA FiR T

qAcAPX1-R CGAAGAAAAGAGGATTGG

qAcAPX2-F GGAGCCTGGACAACAAAC

qAcAPX2-R CAACAAAAGGACGGAAAA

qACcAPX3-F GTGCTTGGACAAAGGACC

qAcAPX4-F CTCTCAGAACTGGGCTTTAC

qAcAPX4-R CCTGAACTTCCTGGATGTAAT

qAcAPX5-F GTGGTGGACGCTGGGTAC

qAcAPX5-R TTCTTGCTGGCGATTAGG

qAcAPX6-F AGTTCCCCGTCCTCTCCT

qAcAPX6-F ACCTTCCCAGCGTGTGTC

Acp-actin-F  CTGGCCTACGTGGCACTTGACTT Py % 4 [A
Acp-actin-R CACTTCTGGGCAGCGGAACCTTT

AcAPX1-F  CAGTGGTCTCACAACATGGGGAA 3£ [H 75

GTCCGAC
AcAPX1-R  CAGTGGTCTCATACATCAAGCAT
CAGCAAACCCT

1.2.3  ACAPXL kB #9 5Ll DA 5 5 R 240 Aiie
JEARAGIEE AcAPX] H H T 9 L, 15 M
Primer 5.0 4k{Fi%it AcAPX1 H:[H 4t ( coding
sequence, CDS ) &K JFHsifEL 1M (% 1),
TransStart® FastPfu DNA Polymerase i # & %}
AcAPX1 %[N CDS 4K J¥FIl kAT 1, PCR § 4%
PRZR BB AEAF IR . SRR 50 uL, #ifi 1 L,
514 F (10 umol/L ) A1 R ( 10 umol/L ) ¥Jk 1 pL,
5xTransStartd® FastPfu Buffer 10 pL , NTP
(2.5mmol/L ) 4 pL, TransStart® FastPfu DNA
Polymerase 1 uL, ddH,O 32 puL, 94 °C i A8
4 min; 94 CAPE30 s, 55 CiBk 30 s, 72 CHE
il 1 min, 35 MEF; 72 CEEM 7 min, B
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BEIE AL KA I D R 4 2R, DIl fealife, R R
T1 #fk, ¥4k DHSo JEZAHML, 75 37 CHyfE
IR FR A R R, R AT AR, PRt
01 BHPE 52 B R BRE 5 38 4 PCR B 38 43 A, I3 1A
WAHEATIN T o
1.2.4  AcAPXLA W 4413 &5 447  FIH NCBI
A ORF ( https://www.ncbi.nlm.nih.gov/orffinder/ )
TELIRAEXT ACAPXL BE R il ] S HEH AT 43 H7 5
i2 ] NCBI 7248 28 AcAPX1 7E /R [R]4) ol v ) [+
JEE AT ; it Conserved domains fEZR 4R
(https://www.ncbi.nlm.nih.gov/Structure/cdd/wrps
b.cgi) X AcAPX1 & AT AR~ &5 #3300 ; 3l

i ExPASy-ProtParam 7£ 2t /4 https://web.expasy.

org/ protparam/ ) %} AcAPX1 & H A9 F AL ik T
38T FIH GSDS 2.0 ZELH A (http:/gsds.gao-
lab.org/ ) 74T ACAPX1 &R 4544 ; fifi fl DNAMAN
v.8.0 FRAF XA [w) Ao ] 1) 22 B PR 1 9 A T U X
FIFH MEGAG6 #FiE T R a5 F e
28 B 14 InterProScan ( https://www.ebi.ac.uk/in
terpro/ ) Tl AcAPX1 & H M ZEFEIE; FIH
SOPMA 7EZ#{f ( https:/ npsa-prabi.ibcp.fr/NP
SA/npsa_sopma.html ) Fil & H it — 454 ; H
SWISS-MODEL 7£ £k % {4 ( https://www.swiss
model.expasy.org/ ) Till AcAPX1 £ =454 ;
I FE LR B F SignalP ( http: / www.cbs.dtu.dk/
services/SignalP/ ) #4178 HAY(E S IRFUI ;
TE 4% A3 T3 TMHMM. v2.0 ( http://www.cbs.
dtu.dk/services/ TMHMM-2.0/ ) 5 ¢ 31) (14 45 Hi 02
JE 245 K3k ; 2 ] Cell-PLoc 2.0 7 £& i I 4k /F

( http://www.csbio.sjtu.edu.cn/bioinf/Cell-PLoc- 2/ )
Xt AcAPX1 K [ 347 W4 M 5 i 43470,

1.3 #HiEaIE

K Graphpad prism 9.0 #4654t 17

LT RIARSCE ST, SR Excel Bl 21,

2 ZHERESH
21 SEE RNA IREXFA R ¥ % cDNA
RIGEERA (F/S) & RNA, ZHIKEE
RNA Fr e (B 1), FHIRZERI {34 15
ODag0/280 TF 1.6~1.8 Z [H], A HF R % R 525
22 HE APX ERERKIEZTURESELD
R e BRI HE
RIIF ST & B AsA FEZE T HLOREAL, i

288
188
588

M: DL5000 DNA marker; 1~7: 3 H K& RNA &iif o
M: DL5000 DNA marker; 1-7: Total RNA of pineapple flesh.
Bl HERAE RNABKER
Fig. 1 Total RNA electrophoresis result of pineapple flesh

i RT-qPCR X>RJG 7K 0. 3. 6. 9., 12d ) APX
SEEE FEKOEVEAT 08T, S5 R TR, 6 T AcAPX
FEH AR FEEE R N AsA ZEFR( & 2), B APX
Ph AsA LA, 538 Pt E R, 7
Ik 2 0 1A AR — e E . 7RSSR
KrBt, ACAPX3. AcAPXS5 J:[N7E CK Fll AsA kb B
Hrp RN H B, YRR, I
HITE 9 d i, CK 5AbHE4] A i3 2% 5% ; ACAPX2,
AcAPX4 Fill ACAPX6 7EI w1 2 8, 3 dJ5
HFRIBE TGS AN, A4 5 CK 3] ACAPX2
Fl ACAPX6 Ll 2 55 T AsA b3S AcAPX4
fE 3 d B B T, NRERTRIS M CK 41 6 d
PEATE 3 d, £ AsA LFEHRAT T AcAPX4 X 22
I BRI B T] . ACAPXL 7E AsA AbFHZH Al CK
TR RIEAEEEER, AsA L5 AcAPX1
BN 2R F R KRB B T CK PR )
W EWM)E, BEE R R E R, KRR E TR
EER,

R T HE— 2R A Y AsA TEZE BRI &
AL, TR OETE S AcAPXs LA
FR MM (F£2), G558 EH, CK
ACAPXS K [A Xo] 32 55 JECo o 48 55 1) 572 el e K, AH G
FEH-0.9348, R FAAHL (P<0.05) , M5
HAFE PN T B E A OE . AsA ZbFRZH R, AcAPX1,
ACAPX5 Fll ACAPX6 J [ Xif 3 45 B0 18 B A 2 i
AR, HAKERE R 0.9362, -0.9142 A
—0.8998, Hir, 5 ACAPX5 Fl ACAPX6 LA &2 i
EMAML (P<0.05) , 5 AcAPX1 JE[H & B EIE
X (P<0.05) , 5 AcAPX1 JL:[H fAH 6 R
PR 1, USROS B ARG R IR H
TF7 3 I ACAPXL 3t R 9 ik ik (e 3 5 T CK. 25
B, AcAPXL SE[H M Y AsA b3, Al fE
TE AsA FEZZ B I & A v R A TR I
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AcAPXI1 AcAPX2 3. ¢ AcAPX3
2.5 CK 5 r B
= = T = = CK =
.g 20l |:AsA i .g 4L = AsA _g = CK
o % i: ] e 2+ = AsA
*® 8 RS ®E
22 ’—I-‘ g8 m B2
= = s
= 05) Eﬁ s gl g
Q [ Q
~ R~ ~
0 |:|-| 0 0 I_:_E‘ﬁ If‘{—| r:r":'l
0 3 6 9 12 0
;ﬁﬂﬂfﬂ Storage time/d I 38ERfIA] Storage time/d ﬂ"’?ﬁﬂilﬁ] Storage time/d
AcAPX4 AcAPXS5 AcAPX6
8-D 2.5F 25¢
0.8 Kk = CK ]:3'_ N = CK F = gKA
8 0.6 S AsA 8 20t T = AsA g 20} = As
g i 2 i % u
H & H g 15r 1L - WELSH 2
RE04r o o KE KS .
.‘;,.g =+ ;g 1.0+ *»?E 1.0} 1
3 02} E% o5 ’—I—ﬁ E3 st
& & &
0 = E-l 0 0
0 3 6 9 12 0 3 6 9 12 0 3 6 9 12
38k At E] Storage time/d IF-38EAsfIA] Storage time/d It-3EkAtIE] Storage time/d
*FRREFBE (P<0.05), **H*FRZEFHK B (P<0.01, P<0.001 ),
* indicates significant difference (P<0.05), ** and *** indicate extremely significant difference (P<0.01, P<0.001).
B2 AsAREBTHEFE ACAPX1 EEAREMHA EHRILS
Fig. 2 Expression of pineapple ACAPX1 in different storage time under AsA treatment
x2 WEEROFIEHS 61 APX EEFRIAKEMEXE
Tab. 2 Correlation between internal browning index of pineapple and the expression level of six APX genes
$8 45 Index ACAPX1 AcAPX2 AcAPX3 AcAPX4 AcAPX5 AcAPX6
CK 41 IB 484 0.6741 —0.2353 —0.8169 —0.4269 —0.9348" —0.8339
AsA 7 1B 84 0.9362° —0.3225 —0.7858 0.3622 —0.9142° —0.8998"

W TFRRBEMIE (P<0.05)

Note:  indicates significant correlation (P<0.05).

23 HEE ACAPX1EERZERHBELRL 24 HE ACAPX1 EHREEMIBAHKE

B R BEREEFF 5 Eb 3t
PIARACERR) EE JEE SRR cDNA Ak K] NCBI Conserved Domain Search F#&
Me, M) AcAPX1-F. AcAPXI-R 45454, AcAPX1 FEFMMRSFIX, RIS APX HAXR

iZ | RT-PCR 1% AcCAPX1 JE[H ) CDS &K (& BRSPS, K% & A e T o A AL Wil

3), it BLAST HeXJ R, ¥4 H B & e (POD) BHEKE, HFHEFMARESM M. K
[t CDS J¥41, 4K K 753 bp, il 250 MEHER WAL KIRWA S AL (816 ). ilid NCBI )

5 (K 4), ACAPXL g F/ Fik/hh Blast TR AcAPXT 2P 4147 HUX, 452

27.

410 87 kDa, 73134 CixoHissoN3380367Ss, RIYT, W AcAPXT HEAN, & BT

PSS O 5.52, IR E A 36 Mtk i PRSFERATAEY I R SIAR RIS 85%LL (&1 7).
HEFRFR S (Asp+Glu), 28 MHFIE AT LR, S5 A IRFATIIEIT HT T A, ACAPXL KK 45t 1 2
H( Arg+Lys ), B FUFCESEHION 30 hojf % AcAPXL  HIBR T &A% POD Z5Myl, 63 A XANX,

SR AT 7B (R A A E BB 39.87 (<40), 38 LPDAX SRRSF A B (K 7 L@ HEKEL ), Xt

Ve

W% OV RE PR K R B -0.436, 1B APX SIRH) AsA i 9CHE

BLWIRAE o0 AR MR 1, IREE A 72,68, 3t 25 REXBWME

SRR RN 3 BT, iaf] GSDS 2.0 43T K H Construct/Test Neighbor-Jouning Tree,
ACAPX1 E:PH4Efg 2], %P 44 5S'UTR f1 Bootstrap {H4 1000, #H MEGAG6 il Clustalx 4K
3'UTR, 9 MR TF M8 TMHNET (ES5). TR TCIR R G LB, AR RER o =k
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(8 ), 45 R, # AcAPX1 5ilikE EgAPX.

1 ATGGGGAAGTCGTATCCGACGGTCAGCGAGCAGTACCGOGCGGLE
M ¢ E Y PTV S EETTEAA

BT CnAPX T PAAPX 4005 —41, K% e e e

SES iR/ LES . SEN Sl

bp
2000

1000
750
500

250

100

VAEKECERERETLTERGTLTIATEEK
21 AACTGOGOGTCOTT CATGCT COG U TEGUETGETACTOGGIEEEE
N €A PL MULRLAWHTSAG®G
136 ACGTACGATGCTCAGACGGGGACGGEGGGICCGTIC GGGACGATG
T YD AQTOGTOGOG?P?P T FGTM

M 1 181 AGGCATGAGOTCOAGCAGGCACACEGOBCCAATAATGEGOCTCGAA

R HEVEQGHUGANNGTILE
226 ATAGCCGTOCBCATACTOBAGCCCATCAAGOCECAGTITECBAAC
I AVEREILET PIZEKEAOGQTFT PN
271 ATCTCGTATGGGCACTI CTATCAGCTIGCOGGAGTCGTCGCTGTA
1S YGDFYQLAGY YVATY
316 GAGATCACCGGCOGGGCCGGAGGTICCTTICCATCCOGGCCGACAG
EITGG?PEVV?DPF F HP GR Q
351 GACAAGCCTGAGCCTOC COAAGAAGGTEGGCTTCCCGATOCEACE
bp ODEPEPPEEGT RTLTZPDAT

406 AAAGGTT CTGATCACCTCC GOGATGTITTTGOTAAACAAATGGCA
753 EGSDHLZRDYVFGE QNG
451 TTGAGTGACAGGGATATIGT TGCTC TATCTGGUGGGTATACACTG
L &8 DRDIVALGSOGCGHT L
496 GGAAGATOTCACAAGGAACGTICTGOTTITGAGGGAGCCTORACA
G RCHEERSGEFEGATWT
341 ACAAACCCCCTTATI TI TGATAACTOGTACTT CAAGGAGCTICTT
T NP LIFDNJZSTYT FIZEKTETLTL
FB6 AGTGGAGAAAACAAAGATCTGCTCC AACTT CCGTCTGACAAGGTC
$ ¢ EN EKEDLLQLZPZSSDIE KA
631 CTICTOGCAGATCCTGTITICCGTCC TITTGTTIGAAAAATACGCT
LLADPVFRPFVETETA
6§76 GCTGATGAGCGATGCTTI TTT CGCC GACTACGCTGAAGCTCACATG
A DEUDATFT FATDTYATEAHM
721 AAGCTTTCTGAGCTAGGGTITGCTGATGCTTGA
E L S EL GF AD A"+

M: DL2000 DNA marker; 1: AcAPX1 ZE[Hf) CDS 41K,

M: DL2000 DNA marker; 1: Full length CDS of ACAPX1 gene.
B 3 AcAPX1EFEH CDS & KTEEEIKER

Fig. 3  Full-length clone electrophoresis result of ACAPX1 acid for ACAPX1

&3 AcAPX1ZHBRHEERAM
Tab. 3 Amino acid composition of AcAPX1

4 ACAPX1EFMERKFIIRERBHEER
Fig. 4 Full-length sequence of cDNA and its coded amino

S HETR K At W IER K i bt W IEIR B bt
Amino acid Amount  Percentage/% Amino acid Amount Percentage/% | Amino acid Amount Percentage/%
Ala (A) 26 10.40 His (H) 8 3.20 Ser (S) 12 4.80
Arg (R) 14 5.60 Ile () 8 3.20 Thr (T) 10 4.00
Asn (N) 7 2.80 Leu (L) 23 9.20 Trp (W) 2 0.80
Asp (D) 16 6.40 Lys (K) 14 5.60 Tyr (Y) 8 3.20
Cys (O) 3 1.20 Met (M) 5 2.00 Val (V) 12 4.80
Gln (Q) 7 2.80 Phe (F) 13 5.20 Pyl (O) 0.00
Glu (E) 20 8.00 Pro (P) 16 6.40 Sec (U) 0.00
Gly (G) 26 10.40
AcAPX1 —_— | | | | ————e— ,
0 500 1000 1500 2000 2500 3000 3500 bp
Legend:

CDS w= upstream/downstream — Intron
WEF AR FXE, HEKTANET, EERTZEGXEANE T,

Blue lattice was the promoter region, yellow lattice was the exon, and the region between yellow lattices was the intron.
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Fig. 5 Structure of ACAPX1
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Fig. 6 Function domain of amino acid sequence coded by ACAPX1
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Fig. 7 Comparison of amino acid sequences between AcAPX1protein and other homologous proteins
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Fig. 8 Phylogenetic tree analysis of AcAPX1 protein and its homologous protein system
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Fig. 9 Prediction of secondary structure (A), tertiary structure (B), transmembrane (C) and signal peptide (D) for AcAPX1
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