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FHA, 2R, ERC, K, A
(BEAFEREEMIRFR, BE BT 361021)

[H8E] LIES (Syzygium samarangense) F52 RNA AN, SRAR AW (polymerase chain reac-
tion, PCR) AR EZ LRI AR -4 - FHEAEF (cinnamic acid4-hydroxylase, C4H) 3[R #E17 5a e K A=
PIE B2, IF RN PO I PCR FEARN R #5555 C4H B TE—% LA (nitric oxide, NO) 4k
R WA CE AT T, SR . TR ST CAH JERK 1849 bp, H KN 1 518 bp HIJF R SEAE,
iy 505 A EUEER ; A CAH R A BAE AL 9. 34, AU — AL 8 3R 450 Al— > X HERR 4 - S
SABHRSFA L, SR (59 IS IEES t ik, B8 R St ], CAH FE IR 1 3R 3R ACT FIAR i 2 & 5 i
EJb, BERARRRGE 0.972, BB ERIERG, SMR NO A BRG] 1S RS CAH FikKF- AR
BRRMREA,

[REE] #HZRE; MR, RBER; WEER -4 - FALRE; SR

[HESFES] S667.9

Cloning and Expression Analysis of Cinnamic Acid-4-hydroxylase

from Wax Apple Fruit Under NO Treatment

HUANG Lina, WU Guangbin, KUANG Fengyuan, ZHANG Shen, CHEN Fahe
(College of Food and Biological Engineering, Jimei University, Xiamen 361021, China)

Abstract: In the present study, cinnamic acid-4-hydroxylase gene ( C4H) was cloned by polymerase chain
reaction( PCR) technology from wax apple fruit( Syzygium samarangense) , and bioinformatics analysis were per-
formed. In addition, the C4H expression level under NO treatment was analyzed by real-time fluorescent quanti-
tative PCR technology. The results showed that the cloned C4H gene( 1849 bp) contained a 1518-bp open
reading frame encoding a protein of 505-amino acid with a calculated isoelectric point of 9. 34. There was no
signal peptide and transmembrane domain, and shared conserved domains with other C4H family members, in-
cluding cytochrome P450 and trans-cinnamate 4-monooxygenase domains. The expression level of C4H and lig-
nin content increased gradually during storage and their correlation coefficient was 0. 972. Besides, C4H ex-
pression level and lignin content of harvested wax apple fruit was inhibited significantly by NO.

Keywords: wax apple fruit; nitric oxide; lignin; C4H; gene expression

0 5%
REER 4 — 2L (cinnamic acid-4-hydroxylase, C4H) J& 2K N & R & 48 1 5 — A~ SR 4

[WFBHHI] 2019 -04 - 16

[HEeWB] EBXARBFESHE (31171777) ; BEE ARRIEIEETHE (2018]01448)

[PEEBN] JAIWE(1992—) , o, A4, TR = 5o T 5 W0y m i g8 . A5 VE#  BR AW (1960—) , 5, #
B2, A7 5o L 5050 5T . E-mail : fhehen@ jmu. edu. en

http : /xuebaobangong. jmu. edu. cn/zkb



- 106 - FFRR A (HARBERRD 525 %

fitg', fAb S AR R AL B A TR B S S R R AR R . PR . A B R
FAGYEZRE I EY G R E TR, XA Y32 CYPT3 FIEMR N iR a1
PR A SRR R A, CAH J& CYPT3 RIEM — 51, AR R AW A il P & L
™. CAH o RFRFERCLAemaTR0 | ZAe | R B ERAL s | REAED HbldRaE

YE% (Syzygium samarangense) NHARAIGENE . AL, e EMARE WX AR, EE
SSEDIE R BT AR ) RUBR R 3 B SR 2 BT B %, (HR S PP AR e % . ZH 2
Py, R, RIS QA B SEAT e Ab B s ] P S 2 R B 2 KT e A 2R A B 45 AR B
., WWHARFMME, AT Z B, 10 /L —% A (nitic oxide, NO) AbHLT LA 4SS
SRS  ANHRE R B AT PE AR D e AR A, NN HE 27 3 55 SR S BUR AR e kR IR
SR RRALE S ARG AR R A R AR A AR 56 o AT AR SR ep AR R
B TR I (] Bl R S AR R T . S R SURE R A BUR A PCE R AR TR F
L TR, SURR TR — L USSR SR T AR N AR 4L 220, AN ] T AEAE SR SE A
T RAERRAART, K, BRI % RS AR R A L X oo R S 2R AR o LA 2
AR R, YIEIE N AN BERYTETE)S , ORI R S R R, W, P C4H 5%
KPR Z AR TR A AL, W S/G WAL, MARKMEI HH ., o, e kM, C4H 75K
IR A R R R A BT R R R S R AT AR caH BRI K T 5 AR R A A A A
FT SRR E S ST CA4H W ST A R WLARGE

AR FORE TS RS CAH FER X AT AR S B oA, T LS5/ Fnifg . >R NO Xf
TEZS RS THZRAN I, 3BT R G ESS RS CAH TR () F 8 K DL R R & A8k, DR
FENO BT, CAH W SEACERIAR BT R A A SE 0, AN 25 50 CAH FERIXT AR TR A i1
PR E S R IR R A AL 2EE T Rl

1 MHBERE
1.1 SEEa#sl

KHEHE HBBIEK %% (Syzygium samarangenese [ Blume ] Merrill & L. M. Perry) N#F8H, Pkik
TN R A B, TOHUB s A T T A S SR L, BEALAY D 2 2H, REH 140
VA ES R HEEE TS (16 L) o, 38 20 min N, DIHEH TN 0,, —dAKREA—EK
FR NO SUMAAE TS I Y NO Ve BETA ) 10 pl/L, FEZE2 hy 5 —4IABUb 3 (X)) o 4 R90E T
WAL T h JEPREERE (FTFL) 2%, BETHEE (4 £0.5) C. IR (85 £2) % 5 T, WK
W12 d W ) BB 48 h IORESEA T AH SCFa A I 23 AT
1.2 EERZ HERNSH

il FHRAR A A A ) RNA $2 GRS IG5 RS0 RNA 20!l F B BE W BE J5C v ok A R 2 1
J5rHTAL (Eppendorf) Al RNA B9 58 88 M Nk B, R 3 5% S5 & (Invitrogen, MD, USA) HY
BAEERE, LI wg RNA SHBHRAZ G cDNA RS — S04, AR 5250 28 © A5 1Y 24 55 R 9258 s B0
fdi ] Primer Premier 5. 0 8 {F it CAH Y™ 34 0 45 S PE 51 (W 3R1) , PCRY B FE )5 O - 95 °C FUZE 1

F1 WMRFAERANSIY
Tab.1 The primers used in this study

2R Em 519 B i 514y ik
Gene names Positive primers Negative primers Methods
CAH ATGGATCTCCTCCTCCTGGAG TCAGAAGGACCTTGGCTTCAAG PCR
B-actin CCATTCAGGCTGTCCTTTCC AGCCGTGGTGGTAAACGAGTA qRT-PCR
CAH GACTACAACTACGGCGACTTCATC ATCCGCTTCACGCTGTCC qRT-PCR
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5 min; 95 CAME30 s, 55 CRIEA0 s, 72 CHE 2 min, FI 40 MEH; F)5 72 CLEEM 10 min,
FIFHBERARIBOR A & (Omega Bio-Tek, GA, USA) #lift PCR =¥, 4% 5i 44k pMD-19T, #54bK
T TR RS2 S A M DHSa, Pkt BHPE v e 25 PR % 2 52 1) 1l A ) 8 WA T I
1.3 EERZX GAHHWEYERESN

FIFHI NCBI Served Domains £ 4 7E 28 AT PRSP0 TR A . 43 s FHAE 3K 44 ProtParam | Signal P
4.1 Server, TMHMM, Net Phos 3. 1 Server Xt C4H ZIEMF I HEATIFH | 550K, BEIELEH . BEm ML
B AYA T, JEid DNAMAN XEARTEFEY) C4H 8 A Z LR 7 5 E AT 2 91 L X o i
1.4 EERX CAH RiEKESH

WRIPEC IR R C4H J¥5), 1 Primer Premier 5. 0 ¥ i1 = BB 3B A B#a%E 81 N ( quanti-
tative real time polymerase chain reaction, qRT-PCR) $E5E54 (W% 1), {#i ] ABI7300 75t PCR 4%
AT C4H Feik/KFEH1, $52 18 Super Real Pre Mix Plus (SYBR Green) il qRT-PCR WK R, 2 x
Super Real Pre Mix Plus, 10 pL; 1IEM 5147, 0.6 pl; K519, 0.6 pl; cDNA #f, 1 pL; 50 x
ROX Reference Dye, 2 pL; RNase-free ddH,0, #MERAKZR 20 L, MWEEF R : 95 CHZAEYE 15 min;
95 CAEME10s, 60 CIBKFIEM 31 s, 40 M, REFIALBIECE 3 ANMEY)FEEZ LI 3 WEARTEL,
ARG 27 22k AT I Y R SR 5L CAH BIFRIBAKF-,
1.5 EZERILARZSENNE

K Klason I #% R PRTER &&=, HIA 10 MEFHRKN 10 g (IKhm) HHERS
K, A 12 mLAKTRI R 70% WAL, 7F 40 C R 4% /KA 1 h, 200 mL Z& /K A2 w0 9% 2
500 mL HEIEHR A, WKW 1 h, &ireat
TEREEIELR, RBREEILHN m,, &
Wz A R i 2 J5, T HOK sk
DRI, KA IR R UEACE T 65 °C T AL
ZEE, HREICH m, . RIEZEWIHTEIT
%y RKRE/ % = (m, —my)/m x100,

2 #HR
2.1 EZERZ C4H FIIHKE

FET RS A5 3] 1) 2 55 R S A SR 2
Bl e, & o WrifE s — FKER
1 849 bpf¥ Unigene (45 K compd4506_
0), BER N AR -4 - B AL NG
K, AR P AR R ks 1, L
TEZE R SRR RNA AAEA, SR RT-
PCR BEAT CAH FPo s, 478G = 2 ik
ol IR S L N AT &SI A i a4 8
ARFFES R CAH JFHIK 1 849 bp, & A7
SERE Y FF L B BEHE  (open reading frame,

ORF) 1518 bp, %ifH 505 N2 (I
" e AT KR T B 2 AR U B T B R4 £ O N SR B C ), 429% SRS
K1), ISR SRS CGH FIS e \§RS4\SRSS i SRSG(CU\ R e

%%gﬂ%&ﬂiﬂi* Eg?ﬁu—i&o Notes:The underlines under the amino acids indicated the special substrate-binding domains se-
29 EEE‘% — ca E’Jﬂz%{"‘ - Mﬁ*ﬁ quentially (from the N-terminus to the C-terminus),including SRSI,SRS2,SRS4,SRS5 and SRS6.
: =Rk CAH I, REBF M1 EZREH CAHNETRNAREE®FT)
b 5B 3 . . . . . .
%UFH EXPASY Xﬁﬁﬁ%%g’; C4AH B/‘] ORF Fig.1 Nucleotide and encoded amino acid sequences of C4H in wax apple fruit
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S IR T O AT RRALE A, CAH BRI F 22 CopsNosn 0406S,,, TR T 0408 260, 43 F i i
57.985 ku, SN 9.34, B THAKMEAR (BMEKEFEHRECH -0.233) . AREHEHK
(ARREMEFEE48.36) . AR AT, AR (Leuw) HIWEZ (12.1%), HK NHAMR
(Val), N 7.9% , AR (Cys) (fitbid, U8 0.6% , ZIEF G IR T, EHRmE
FEFRFRIEEL (Arg + Lys) K73, M EIEMRIEIEEL (Asp +Glu) H 62,

RSP LRI BT 4 SR AN R 2 Fis, CAH A F& 4 P450 (cytochrome P450) F1 PLN02394 ( trans-
cinnamate 4-monooxygenase) WP IRSFEEAYIE, CAH MEALAL SFRIEEHE Ty, Ky Vigs Faor Esors
N302 N I303 A V305 N A306 N T310 N R366 A RS()S A A37O N I371 A P372 N L374 N V375 N P376 N H377 N I<484 A F488 N L490 o
XA TR TE 5 D RPIR B IR 456 X8, f04% SRSI, SRS2, SRS4, SRS5 I SRS6 (UL 1),
FIF NetPhos 2. 0 FUNFESS S CAH R A KBS A 28 DML 5, 36 14 N2ER (Ser) . 8
NI RR (Thr) F6 NEEZRR (Tyr) (WEI3),

—

WL A H

Phosphorylation potential

P450 super family

00 100 200 300 400 500
H2 EZERXLCHEBARRFEMESH JFFUALLL Sequence position
Fig.2 The conserved domain in B3 EZFRX CAH BARBEMUAAT T
C4H protein of wax apple fruit Fig.3 Phosphorylation site analysis of

wax apple fruit C4H protein

PE—E X B S CAH S5 ThREMTST, SR Signal P 4. 1 Server X ILFR 75155 Kt 47 0
ZRME 4 Bor, HZREEN 29 SR (Lys) FREEAREEIEHTYIN S5 E0. 246, 511 5
AR (Leu) FRILEAREMEGA YN ASIME0.213, %5 SREAMR (Lew) REAARENES
JRAME 0. 492, RIS CAH NS KBV o, ANEAE SR, FIH TMHMM XJ3%%5 C4H
Ity ) X L IR P 271 s A A S A T T, 25 SR o, B AR IR A s A Ptk , AR 1 2 1A
sEEM TR (WLES) .,

C—score %H% Hﬁ V\] Hﬁyl\
1.0 S—score 120 Transmembrane  Inside Outside
Y-score
0.8 100
£ 06 g 50
7 =
$ 0.4 E 60
0.2 g 40
0 20
0
0 10 20 30 40 50 60 70 0 100 200 300 400 500
{37 15, Position J¥ 54 5 Sequence position
B 5 #HEZRZE CAH EABREHWIEETN
B4 ZEZRECAHEARSKBN Fig.5 Transmembrane domain prediction of
Fig.4 Signal peptide prediction of wax apple fruit C4H protein wax apple fruit C4H
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FIIH DNAMAN FAEXT A RIFZEARY) CAH B A i1 2 8 X, 40t C4H A B9 A IbE, 45
BaE e Wok, AIhL, SEFRY CAH EAR SR IRGEEL . FL. R WA C4H EHREA
B AR, SRR T PGS R AP AT LU CAH FEH ZETEIMEE IR TER, TR AL
A CAH TR SRR RN G REA IEAHICR, SR T Z A F 0 AL, JF 1 Wi 55 51

S CAH T RE HAT IBE

VAL VLISEA
/AVI VIMITI
/AT VLISATI

VVVVSISRF

AAAL VIJIA

1f ai skl

Olive.txt . MDLI
Pear.txt . ML

Mango.txt . MILL
Ginkgo.txt MLESI

Wax apple.txt  pprp
Consentus

NN NN
==

Olive.txt
Pear.txt
Mango.txt
Ginkgo.txt
Wax apple.txt
Consentus

[wlesHesBesNes]

Olive.txt
Pear.ixt
Mango.txt
Ginkgo.txt
Wax apple.txt
Consentus

R IVFERRFI.QS SCPLF|BKLKATNGERSRLACSF)2YNYCEFI PI LRPF
RIEVFCRRFIBSEISCPLFNYKLKALNCERSRLACSFIDYNYCEFI PI LRPF

Olive.txt
Pear.txt
Mango.txt
Ginkgo.txt
Wax apple.txt

Consentus 1 fkdyf

kickevke r

Olive.txt
Pear.txt
Mango.txt
Ginkgo.txt
Wax apple.txt

Consentus Ip lqav ketlrl maipllvphnnl

a lgg dipaeskilvn
Olive.txt A LPFGVGRRSCPGI I LALPI L
Pear.txt A EANGNCFRMLPFCGVGRRSCPCI I LALPI L L
Mango.txt EA GI\EF]SELPFGVGRRSCPGI I LALPI / L

Ginkgo.txt LPFGVGRRSCPGI I LALPI L) v
Wax apple.txt

LPFGVGRRSCPGI I LALPI / L
Consentus

awwlan p w peef perfle e k ea gndfr lpfgvgrrscpgiilalpil grlvgnf 1 pppg sk

Olive.txt
Pear.txt
Mango.txt
Ginkgo.txt
Wax apple.txt
Consentus d ekggqfslhil hs

E 6 EZE C4HEZBRRF I EIREXT
Fig.6 Homologous alignment of wax apple fruit C4H protein sequence

2.3 NOEBTEERL C4H RixHH

159
159
159
160
159

239
239
239
240
239

319
319
319
320
319

399
399
399
400
399

479
479
479
480
479

504
504
504
505
504

K 76 E B PCR Hi RN EFZ FL AL CAH Fak/KEF-A 70007, 454K 7 Fios, FEl e,
KIGVESS RS CAH IR Z AN, XIS CAH F3k ACEAE ST 9 R IgA ETF, B ok
T 1 NO ANEEZ SRS CAH 3k KEAR AL FEARTE , H NO AbFEA 52 CAH B9 338 K FAL T X

MRZH, WEMHTRY], NO A 55 RS CAH WY RIKKPAENEE 2 ~ 12 d 1 3 K T %t

(P <0.05) , Hgbnl b, NO af DUMSIR 5355 2R 58 CA4H W5 30KF
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2.4 NOABTFARESBEMMAH

8 R, RF SR P R UM T 0K K TSR . AR ST R 0 ~
4TI, W 4 ~ 12 TR R 1T 11 NO AbMRAL RS AR S A REMES 0 ~2 K2
1 Y, AREMT. GHEEAATRIT, ARSI 2 ~12 K, NO ALFRALR SO E A i i
IEFXHRS: (P < 0.05) . HILATIL, 51 NO AMSR I S0, T G MR 6 A

REEHEA,
3.0 ¢ —O— X2 Control e 09r —O— % 4 4 Control
—A— NOALEEHINO treatment ¢ = —A— NOALFRZINO treatment
g 257 /Q/ 508} ©
E o) /; 3 O/
z 20 F g
3 */ /; * 5 0.7F /
z Q Z *K - @) *%
I -t =g ¥ o A
b= /1/4 *% R 0.6 ™
5 101-4/ * I o) —
X A * B /A/A *
® * B 0SA=—A"" " xx
05 F =S % *
¥
0 L L L L L J 0.4 1 )
0 2 4 6 8 10 12 o 2 4 6 8 10 12
t/d t/d
BT % e 23002 0 HR 4 5 NO &b B4 SR S0l f bR B o A 3 iR X B 5 NO Ab R R 920 45
£ P<0.05 1 P<0.01 (1% . 51k 5, FRAE P<0.05 Fl P<0.01 H B ETEZE S,

Notes: The mark * and ** represent the significant differences (P<  Notes: The mark * and ** represent the significant differences (P<
0.05 and P<0.01,respectively) between NO treatment wax apple and ~ 0.05 and P <0.01,respectively) between NO treatment wax apple

the control wax apple on each evaluation day. and the control wax apple on each evaluation day.
B 7 NOXMEZE C4H HMRIXEHHIN E8 NOMEEARZS=HNZM

Fig.7 Effect of NO on the relative expression of C4H Fig.8 Effect of NO on lignin content of wax apple

3 itie

KNBEZAC SR R EE R AEREERZ —, RN ER NIEY, 16— R 5 EE
RAERR, AR, KRR, FHRSZFRARBE =Y AR 40 M RE Y 32 2804,
SR —f S SR ZE R AR LG I — SR A b b R AR AR e I B IR R . B
S A IR AR A K BUR RPN B R R R AR AT caH R AR
PRUBEAR IS B o 1 SRS, AR A 20 P R T AR R T R A 2 R AR R A
RN R, RN R RE AT KX 0 2 A W A e o s SRR T R AR, C4H
CAEZ Y %, (ATEEF LRI RGHGE, AU R A qRT-PCR AR M55 SR 50 h 3k 15
CAH F:A

CAH T &4 40 (6.2 PAS0 FIF AR —4 — BN BRI 22 X AN AE A T 55
SCCAH B g min ], RIS REASRI AR IS RS CAH RN, S CAH B P % E
5 ANREIRIIRIEE A X (IE 1), RIEEATIRE XL, C %Y SRSS, SRS6 Hil SRS4 J& LY
FIRNEYISEE 05, N IHAY SRS4 . SRS1 I SRS2 & LIRS Wi BE M IS My i e b & IX 412 355 R
S CAH Fr& s il & & B A AL ThBERY CAH/CYPT3AS FIE M 5, 40N E AR RiL S
HORREUIMG, HEMILIO EE IR LA R . HE R E R A0 B L S ] AR
FAFTETE, DR e A ) A A A S B B PR AR A Y EE SRS C4H AR
LB 15 ADBERRALAL s, 3K BEF A7 A5 FEAEAL TG M R SV E T, SEZ R SL C4H AR5 B 0F5E
ORIRE . B PUAR | ARAS C4H B A B AR, B C4H B 7R 1) B 4 m AR s
DA R ) 3k S 2 1 5 1) ) Rt LA AR
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DA £, ARZNHERYS C4H RIKEAHEFVER, WRIZUA T2 & B
LA CAH ML R, DI RBLH B8 IEME R Wang %7 KB CAH A KF /Y 1
IHISER PR R A K, TER)E S RS ], C4H 3R B KRR BT 2 R R 2 hn,
PR R, SR C4H RBAK P ERIR T EMCHR0.972, BMEBFEFIEMK, RWES
CAH SRR G MEEVIME,, W EH B NO BENS I 6 41 i e (G AR i G M, ISR TR SCifb 5 5%
%, MIMTAERERJE SRS I . ARBFFE T 10 pL - L' NO W] T35 150 C4H £ kK
SEMAR RS (P <0.05) o ikl UL, AR NO AbFE AT 2 im ik 10 H CA4H A% s K S S il A B
RIABGEE, MIMIEZEZS RSO ZORA IR, f NO PR TR J5 38 55 5 52 i i AR R34
PEEISARYE, OB /R CAH JENJATEE RIOR R R A LR E T FE LR
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