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Study on the Effect of High Oxygen Modified Packaging (HOMP) on Inhibiting the Activity of Key
Enzyme Phenylalaninammo—-Nialyase of Cabbage Lignification
LUO Zheng, GUO Yuan—yuan, CHEN Fei-ping, GONG Xiao—bo, CHEN Yu-long"

(Sericultural & Agri—food Research Institute GAAS, Guangzhou 510610, Guangdong, China)
Abstract: Explore the effect of high oxygen modified packaging (HOMP) on fresh cut cabbage lignified
Phenylalaninammo-nialyase (PAL). HOMP (oxygen>90 % ) was used to pack the fresh—cut Chinese cabbage
with air packaged as control. The treated cabbage was stored at 25 °C, then the lignin content and PAL activity
of the cabbage were detected every day during five days of storage, and the transcriptional expression of PAL
gene by reverse transcription—polymerase chain reaction (RT-PCR ) was also analyzed in chinese cabbage. The
experimental results showd that, fresh—cut cabbage lignin content increased with storage time, with the HOMP
lower than the control at the end of storage. The activity of PAL and its gene transcriptional expression showed
that a tendency was found to decrease first and then increase. At 3 days, the HOMP was lower than the control,
but there was not much difference at the end of storage. Therefore, the HOMP could inhibit the transcriptional
expression of PAL gene, and reduce the activity of PAL and the lignin content of fresh—cut cabbage.
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320 (Brassica parachinensis ) J&=) 7R M X = 2k B
IUEEREN A K= S Ay (U E A NI S
THRSEORAG, S0 I AR BT ™ H 5 IS O it 5 A
FUBE AR BTR A & T 2 — R Y B Ak, L
G M AN ERTIT G, i A RIS SR ik 2
S5 FRTT AL IR AR R A TN 2 R e 2
( phenylalaninammo—nialyase, PAL )R TN R A g3
TR ) B — 20 S P S o8 Tl R O B Tl ), FEAB ) AR o %
PR R e AT 294, N M X e
XoF B S5 HH I 1) 5 el RO RIE 5 T8 TG 0 F SRS S OE AT
FEH IR 100 %0, 23 i) 24 b S AL B A
fiff (superoxide dismutase, SOD )l Ak S ( catalase,
CAT)TEEZAR TR 70 %0, 4bH 5 il &2, i I 5
SN LA R IR A ARG IR 3 5 . FRIK AR SE T
90 900, AL BRALAL , TTA7 2 i) 22 1 4 AL ( polyphenol
oxidase, PPO )GV , PTG SR A 4 AR B B M R I & 1) A=
Y5 . DayPHindi i @ 4 REREHI ] PPO TGP, %
SRR SISO AR BT PAL BYBIFTE A5 418, BF
FERZHENTE PAL TEREYIH0 S b VR o A
IR P e AR e R s S A D) SO AE 25 °C
SRAFR IV, B R B AL R B 5 IR O Rl PAL T
PE N IR SRR R, i AR e A 2
=0 AR PSR B

1 #R5HZ*
L1 ARSI

Sl )N T R IX B RAR B Y,

TRIzol iF) £ 5 —4E cDNA AR5 & (TaKaRa
PrimeSeriptTM 11 1st Strand ¢cDNA Synthesis Kit Wikt 5
iR &) .2xTaq PCR MasterMix PCR W i 7] £ .PCR
19 RARAEARHEL (L) A BR A 5

SN L 5 % O CEARBL (Y R A al)
KA B TR TATBR 2 B s DEPC K« FRBRTR — &
[l (diethy pyrocarbonate, DEPC) (98 % );1xTAE 2% vh
YR« = F3 T AL & FL TP 45 (Tris base ) . &R (acetic acid) ;
£ Wiz VU 2, 1R (ethylenediaminetetraacetic acid, EDTA)
(=99.9 % titration ) ; 58 Z 4 ML M e B (polyvinyl pyrro—
lidone, PVP) (43F 1 :55 000 Da);20 mmol/L L-2K N
MR BR(99 %) : L HEIR A= P RHE A PR F] 5 Biowest
BRI : T AR B R PR ) WA : Bkt
PRI X T 22 SRRV T 5 8 572 %ol WA IR
(FrHral ). BRiE iR TATBR A 7] 50.1 mol/L pH
8.8 MR ZE i (3t 2l ) : R Rk 27l
12 U5 B

S1000 HIPJesH PCR X . 164-5050 HIAZ% R i ik AL K

HL YK A  ChemiDoc™ XRS %K N4 Z 4t . £ E Bio—-Rad
3 MAP-1D400 A G AL : L IREIE LK
il AT R ;SHZ-D (M) & PAEfRfEERk R B 2
I LT TARAERA FRA ] UV1800 AU 4841 n] L4y
FICRETT: HA S HYA ] CARY Eclipse %6466
it. ZEE VARIAN 2 A ;Sorvall Stratos ¥ 1 5 98 50>
L : 3£ E ThermoFisher 2N ] ;

1.3 ik

1.3.1  ARHE AL #E

B e SR RE  g vd, BT R IR,
TEIOH AR AT A A FE AT (29 18 em) H ICHLIEN
DB =20 400 g A —4%F T %, 5 A A AR M
e, Horp o, WeBE [ FL Bl KT 90 %, CO, MR T
1 %, Hog Ny #h 7. T390 5 das Sk (GOAE CK) o fu
AP PE, B2 AR BARFRZ) SR 200 mL.
TR A i VR U S R AR BT =20 CIV ik 75 FH o
WA —AEN 0 d X RRALBR, I 25 °C, LA 43k
B 3AES B 1 d BRI 5 WK
1.3.2  ribonucleic acid( RNA )B4 42 BB 4G

K H TRIzol 07 &5 9 7 v Akt . B 0.5 ¢
AN SO T BT A 1.0 mL Trizol 315,
B FE 5048 5) , IR FE 10 min Ji5, 7E 12 000 r/min
4 °CEL 5 min; KFRUIIEE A 0.2 mL 547, 35 %5
D FRIZIEE G B0 15 s; EHEE 15 min,
12 000 r/min,4 “CEL> 15 min; BB VG WRE T—H Y
BLE T INA 0.5 mL WA B SRR RS G TER
FE 5 min, 12 000 r/min, 4 CE.0 10 min, F5 FiHR,
RNA VLHEH 1 mLL 75 % LBEARTE, 8 000 r/min 4 °CE5
L 5 min; 72 FIEWL A DEPC 7K S8V it . BEEUT
RNA Ve 8 ] 28 B 3 GG EET I 3L oD fEL
1.3.3 WA — #% complementary deoxyribonu—
cleic acid(¢DNA)

2 M TaKaRa PrimeScript™ 1T 1st Strand ¢DNA
Synthesis Kit 100 5% Sl G UL kAT o OB A% -
65 CLRMR 5 min J5vK_F R HI(H R RNA 28
PR 3R SR SRR ), Z R IS 5% ST, 30 CIA R
10 min J5 5 95 CLEIE 5 min (FEFZTE ), & S 78 0K
ER A,

1.3.4 PCR ¥ 1 5 hy

DL SEAS 2 Y cDNA R NiAREAR,, 518 2xTaq
PCR MasterMix PCR JZ Vi85 & Ui B iEf 7 PCR 474
R o $ R AMAR R NNEE 2 wL B4R cDNA, 514
1 pL, RS9 1 nl,12.5 pL B 2xMasterMix , fie i
ddH,0 #ME % 25 pL. PCR WV AEFR R EUTT :94 C
3 min;94 °C 30 5,55 °C 30 5,72 °C 1 min, 30 MEH ;
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72 °C 5 min, 121 A
135 PCR =¥k R poet-: -

SV EEHEEL 1 WL 6xLoadingBuffer £ 5 WL =4 S ]
WIATRA . IAZ 1 wL DNAGreen () 3.0 %BihE w5t 081
B, 150 V HLIK 45 min. HLYKESSR ] Bio-Rad 2711 ¥ 061
BE ISR R G T 5 BUS R G 3 FE R 347 o X o4l
1.3.6 RN RRAFZ N (PAL) R E 021

27 Koukol Z5" W) J5 B IFm Atk . BRI 3 0 1 0 . . .
g PR A L (O fERE , 22 J5 i pH 8.8,0.05 mol/L il M 1A] /d

FRZE 0 (N3 5 mmol/L $iE )7 mL 2 PVP04 g,
DRV IS | 1 17 2 4L i T008 |, 4 B8 70 43 ) R VA
4 °C'F 12000 r/min #5.0> 20 min, B 35 96T T W5 Pk
M2 o N R ARG ALHG 0.1 mL i, 1.9 mL 0.1 mol/L
pH 8.8 FRIBIIFRZE M A1 1 mL 20 mmol/L 4N ZFRIAM ,
FSAE 37 CARHS PR Th, SZETINA 0.1 mL 1 %
HCL R L 1k SO0z, I ORI T S BEARZE 290 nm R Y
OD B, LAEE/INIHFE 290 nm AR {E Y A5 £k 0.01 775 il
RS TR DIE 3 IRE A
1.3.7  ARBRFEME

Z7% Kirk, TK A LI A gkctE, FrICS ¢ H
WARBERERSE L, B A 100 mL BEFR il A 30 mlL T
MO 72 RHRERIR , st PR S S L 7E 35 ClE
TR 1 h, ZJ5 FZEIRAKIESE KA A 1000 mL
PR WA FE 253 700 mL, K%M RRIGE W 2 h,
XA FRE ORI TS R F H S TR T2t
MIFETE G4 WPt H il g, VR R ER S 10 %
BaCl, IR N TG I TE R 1k, T 80 CHET FE1H
Fra, e 3 IRER .

o/%=""""1_%100

Ko WARBTR S &, % mo HHES B, g.m,
RSN A g5 mo TR AV S B g
1.3.8  Hdlaib i

R A 3 W, G SRR R M. A
Origin, 9.0 A BUEIF A3 HT AR BT ER 75 5 M s 12 A6 1Y
s FIKEE AR L Quantity One V4.5 Zb3E

2 HBREH
2.1 AR AR R R R
SEDISTE 25 CF L5 d WARBUR & B2 L
HNE 1R
TERIYIR R R BUR &AL 15 %~36 %2 18], 2
BR EACR TEFHER B R0 1A WL, S A i BE

1 BYIROTE 25 CTARARESENTUME
Fig.l The changes of lignin content of fresh—cut cabbage under 25 °C
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AT R FH AR B 90 0L b 1) s 8L 3, P 1]
1A, SIS0 AR 5T 2R 5 ek B I ) 52 T 1 L 9
LRI A R B AR g7 . HAL PR AR 3R
BT XA, B 3 REE, IR B R TR
AT o AT AR R b A A T X B2, 0
SRl 2B T SIE 2 B ) U AR B 28 35 i Y BG
2.2 e A VA A N TR N R ik A T (PAL) T P 1Y
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Fig2 The Change of PAL activity of fresh—cut cabbage under 25 °C
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S GRLEE WU E s B E R G SNEAR I R
ARB AT AN PAL JERIAE R KA 5 A 0,

e B SR T T AL P 3 R A 0 ] e
AT REARR A B2 5 A OGRS IR B o FEI 5
I ER AR AR A EE DI O ) PAL 5 AR T0
W82 . Tucker FI Laties A Ay 580 S0 R A8 P W2 4 K g
AACEE IR AT FERT, HOT P AT B S A AR H
Limbo S5 ey 480 A B A B 4% 58, e LIt
V2 5 1 0 S 1 i i, R A P 32 S 1

PR £ AR i 7] B 12 R T e AR A B A 3 T ()
FEMIZESR  HEN 8 — 2 I E) J5 |, P AR FH 25 38 31 g g ]
I PAL 1%t 253k 3] im0, Jo e 2 A . Tt ) X iR
ZH ) PAL 3E MBI T0F AL, DR it vy AU Rb BN PAL 3%
AIHIEH

TE An Jianshen 55 PRI 5% SR FH 1 v 5 5L 480 X) )
HEATAL R, e B PAL T A2 20 WA S 4l ini B0 61
VEI S RAARETEAR DG, 3 U I v vk J32 1) 4L A B0 2R
B PAL WS EAERIVE .
23 mEEAIAEEENARBTER PAL 7R SRk 3RIA 1
Al

fefP) S0 AE 25 CF L5 d P PAL 9 DNA % 35¢ K
SRR 3 R .

0d 1d 1CK2d 2CK 3d 3CK 4d 4CK 5d 5CK
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Fig.3 The difference of PAL enzyme gene expression of fresh—cut
cabbage under 25 °C

H PR RTAS I, AR Y PAL O RE AR & A
FOKFIIFRIE . FR R, N0 d BN 2 RAAT TR
IR , B T 3 KA SURSE , Z 5 B HRE 5
Y 0d 15 3 d EHEN R IKEZ , 5 ZRHE R PAL
I PESR 2 TR5 3 RN BE T PAL WS Mg, It
FECEER 4 RN, T LU S, Ak BRZH 257 1Y 85 B L X TR
2L o

IR 2 SRR W], PAL HE DR 7 o S U R 28 U e
PRI [ A BT 3R A 30k, A 22 5 A ., 215
Wl AL TS 1) PAL BEDR % s kK1 T
SR A CRIAR BT, SR R LR A —E R AR
T PAL SRR SIA . AMBRAESIR T i 4 8l 250
AE PB4 5 , A BBR T PAL, 2 I REAT 350

il 4—7 G IR-HlE A LR (4—coumarate : coenzyme A
ligase ,4CL ) T PR) A P b A T cinnamyl alcohol dehydro—
genase, CAD) , 3 Pl AR AE I et B b S 90 5% B A
TR RS RNV 5 AR & i 5 R B A G
1M} 4CL 5 CAD HRISCHEZEAT PAL,

I, TERFFEAR TR A AR B G R I
BB PAL ISR Z B S AE T, 04 - BT Ak
A L FGIMHERR -3 -0 H BEFZ FL I ( caffeic acid-3-0-
methyliransferase, COMT) FIWmMEmE s EE A—O—H IL4E
iFzﬁ(caffeoyl—COA O-methyltransferase, CCoAOMT ), 7
FEALE A H R -3 LML (coumarate 3-hydroxylase,
C3H FOBT 88 R -5—FJLfL i, Ferulate—5 —hydroxylase,
FSH)], 1 520 (4CL) , o JEU B[ PR LA A 348 D il
(cinnamoyl—coA reductase, CCR)F1 CAD]PA K B &1 ,
Ran S8 00 H il B 60 ERHISERN R B BT R
F AT B, 4CL FSH Fl CAD B 1 5 A5
B0 E R A 3 s OGRSl Y
e SRR B A SCBE R MR SV E T, REEE AT
R B R AR EEEOR D SR AL

3 it

PR AU ) S i  EAEA B f A )
BT ERRZNRE, SEEH LR EARTL, Ktk
J W ISR R RE AR SR B A ), 11 et 25 R

ARG, Y] OAE = A T R TR 4
R A R 114 R 1 AR % (S A T,
SEYISE D AR R R A G TR 3 d 52 B [Rla
PAL i 1t K5 s KO- Feak 4978 3 d B IR B b, Jo 45
SLEREAIG, b 3 d 5 AL FEAY PAL BRI 4% 5
FEROK i T AR AL B A A ] PAL AT
PE R R i i 323k S BEUISE O AR TR 194 s B
AL IEMITE N o Z5 AT MRS , AR S S 58 22
KA SBOARTRER R G, &I PAL Fl CAD 1
I P e et IRAE A B 38 K 5 U T o % g i S5 S
5% RN A AE W B P OR B 2 B N 5 PALL
POD {2 IEAH DG, U8 IR AT 540 R 5 AL R i Ak 2
PAL \POD 534 =5 1A o SEAR AR SIS 45 HAAR
LA TR ZE A RS PAL 15 22 0] AT 85 8 i AH G
P, PAL TP 22 53 2 5 35OAN [ B B v AL AT SR 5 7
AR R AR AR E N R

AR R o AR A A B 3 1o 91 ) £ D7) S0 11
WPMCAVERT, ST E] T &) O AR T R i PAL
FEPR B sk M HTEVE o 25 B ABIFSE , J W A0z
F 50 o A A AR TR0 28 v PAL AT POD
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