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Abstract : Phenylalanine Ammonia-Lyase ( PAL) is a key enzyme of the phenyl propanoid pathway and plays
important roles in browning of fruits and vegetables. To investigate the function of PAL in Luffa ,the full-length ¢D-
NA was cloned from luffa fruit by using rapid-amplification of ¢cDNA ends (RACE) and reverse transcription-PCR
(RT-PCR) techniques. This gene was named LcPAL and the GenBank accession was KP341758. The full length c¢D-
NA of LcPAL was 2406 bp,with a 2145 bp open reading frame ( ORF) that encoded 715 amino acids. The predicted
molecular weight is 77. 69 kD and the hypothetical isoelectric point is 6. 11. LcPAL was highly conservative , sharing
over 93% identity with the homologous proteins from Cucumis sativus L. and Cucumis melo L. . Phylogenetic analysis
indicated that LecPAL and PAL of Cucumis sativus L. and Cucumis melo L. was grouped. Wolf Psort protection indi-
cated that LcPAL protein was located in chloroplast or endoplasmic reticulum,and Motif Scan analysis showed that

LcPAL protein had three conserved domain databases(i. e. ,PAL-HAL, PLN02457 and phe_aml_yase) and an en-
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zyme active center sequences in the position of 60-525,8-715,24-705 and 197-212 sites, respectively, which sug-

gested that LePAL protein was one of typical Lyase_I_Like superfamily. Real-time PCR analysis revealed that LePAL

could be expressed in different tissues of Luffa cylindrical Roem. ,including roots, stems,leaves ,flowers and fruits.

The levels of LePAL were different among eight luffa varieties, and the expression in Luffa cylindrical Roem. was

higher than that in Luffa acutangula Roxb. What is more ,the expression level of LcPAL in‘ Minsi 3’ was up-regula-

ted in the early,and then decreased during fresh-cut and post-harvest storage browning processes , which was consist-

ent with the changes observed in peroxidase activity , suggesting that LcPAL gene might play a regulation role in luffa

browning process.
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FRIBURI 22 7R 22O WA T 22 AR AR TN R AR
S FE LR I 5T B 3R AT 22 K — A PAL 3
MW PAL S35 PAL T ¥ 5 22 JKAE 2% (1 AR
Kot , Sy itk — 20 i B 22 JI A 72 AL PR B8 5 KR A, Xof 22
JRAE P Iz A A e X BAT H A e
SR o

1 MREAE

1.1 #Et5aE

R T 2015 4F 10 A £ 2016 4F 8 HEMmEA
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B FIA 77 MMLV S sl ) &6 B cDNA 56 1
a4

22 ) PAL FEH 51 R 5F X : Dk GenBank 48 2 H:
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30 5,72 CHEMH 30 min,35 MG ;)5 72 °C HEAf
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AGCAATAGGA-3" Fl R3. 5'-AGCACCTTTGAATC-
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JeE f PCR P73 251495 C WiARYE 30 s, # T ok
HEAT 40 PMIEFE .95 CAEME S 5,58 CiH k 30 s, )
FH 2 88 5 R R A R Rk
1.5 N2 PAL FHERIE
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K A A ey iy e
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A E (B 1A) gy, A B B SE bRl
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M:DNA F3#ESS T4k DL2000; A : PAL FERRST XY S 74y B . PAL JE[H 3'RACE #3474 ;
C:PAL JE[H 5'RACE #3873 D . PAL 3£ ORF 33874
M. DI2000 marker, A : Conserved region product of PAL gene,B:3'RACE product of PAL gene,
C:5'RACE product of PAL gene,D: ORF product of PAL gene
E1 LELK LePAL EREHTEE
Fig.1 Cloning of PAL gene in Luffa cylindrical Roem.
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LePAL FEH ¥ 5153 B W, % cDNA 42K 2406 bp,
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44. 83% , TN G5 715 A EIERR , BIE / T 1 (Mw)
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IZE R 20 M ER T, LR (Leu) & 8 e i
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R),254 NEiK &R (A1, L, F, W, V) 1 189 Mk
PERFEBR (N, C,Q,S,T,Y), IR 15 B (A1) N
91. 83, AFaE R A (1) o 34. 52 1% H B BSE R 7K
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2.2.2 LePAL ZEE#EREM., LM E R E
FELEHIH S Motif Scan 730H7 78,13 ~ 18,19 ~
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1,38 ~41 379 ~382 Fll 679 ~ 682 v A % 25 1 I i1
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F644 ~647 ik N BERALAT A

Motif Scan 7347 7, LePAL 4t iy A &4
PAL-HAL(60 ~ 525 fii) ,PLN02457 (8 ~ 715 fii) &%
phe_aml_yase (24 ~705 1) 3 /MRSFEERIIEFT 1 A
T 4 0 41 ( GTITASGDLVPLSYIA , 197 ~ 212
), J@ T AR Lyase_I_Like #8 5%

SignalP 73 M7 & 715, LePAL A & 15 5 JIKF 51,
TMHMM 43470, LePAL J& TAEBS B (1, A& 15
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AL T 24K (chlo) BN BT (E. R) AT BEPERS K .
2.2.3 LcPAL EHW R =ZREMTHT LePAL
B H RS BN P o BRE B PrE A B
0505 65.9% 63. 8% F113. 1% , FJFH SWISS-
MODEL X 22 I LePAL £ [ B = &5 H AT 1 L Tl
25 2 iR,

2 LcPAL =R 45T
Fig. 2 Predicted three-dimensional structure of LcPAL
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2.2.4 LcPAL EEMEIRILM S#L o HRiE
M FP25 5 K LePAL gafi A9 % 512 ¥ 9] 5 GenBank
AR Y PAL LE X (18 3) , S/ LePAL 5 HoAh

PAL ZIEMRR 51 HAT B R e, Hoh 5 3 I (XP_

004143255.1) , & JX ( XP _00844 9239.1) , K &
(XP_003554382. 1) FI&E I ( AKM21232. 1) LR T
A1) Gl 118 ) 5 A 1 AR LA 23 0 R 94% (93 % 87 %

F186% . KHIULHHIAITIRIFHY cDNA JF51 R 22X PAL
LN 544 4 LePAL , GenBank 355 . KP341758

FIH Clustal W2 F1 MEGA 4. 0 3% 22 IRFIHE
i 15 AP B9 PAL 2 7 90 i R 4 i 4k 45 Bt
(El4) , kB2 PAL 5[] g = Ry i I 7 I
1) PAL FE IR R ORI, MR —28, 5KHT
F AN PAL 85 2R OC R UG
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1 I

190 200 210 220 230 240 250 260 270 280 290 300 310 320
1 | 1 i | ol |

580 590 600 610 620 630 640 650 660 670 680 690 700 710 720
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Lc:&fL\;Cs:Eﬂl;szém;Ak:*HEW;Cm:jIE;SV:%“’fW

Le: Luffa cylindrical Roem. ,Cs: Cucumis sativus L. ,Cm; Cucumis melo L. ,

Ak :Acacia koa Merr. ,Gm: Glycine max (Linn. ) Merr. ,Sv:Salix viminalis L.
B3 #JK LePAL S EBEIREES 7
Fig.3 Homology analysis of LcPAL in Luffa cylindrical Roem.

IFd ST Arabidopsis thaliana (L.) Heynh.AAC18870.1
MR Acacia koa Merr. AOx49212.1

_I: BB & Lupinus angustifolius Linn.XP_019455579.1
A HE Arachis duranensis XP_015970074.1

— H.Cajanus cajan XP_020211856.1
E . Glycine max (Linn. ) Merr.XP_003554382.1
RIMERobinia pseudoacacia Linn. ACF94716.1

N Cucumis melo L.XP_008449239.1

L % JINCucumis sativus LXP_004143255.1
_gﬂiugffa cylindrical Roem. AKN08993.1

WM Jatropha curcas L.XP_012082374.1

R Ricinus communis L.XP_002519521.1

— E M Populus tomentosa Carriere AKES1098.1
EliSalix viminalis L.AKM21232.1

FEmiSolanum lycopersicum Mill. XP_004234632.3

IKFGOryza sativa L.XP_015626729.1

4 16 MMEY PAL EEH R GHU 2
Fig. 4 Phylogenetic analysis of PAL from 16 plant species
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Fig. 5 Expression level of LcPAL in different

tissues of Luffa cylindrical Roem.

2.3.2 LePAL BEEEZINARRMAHRIESH

TEANIG] SRR JESE 6] | LePAL K2R 3635 25 S8R, 78
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T4 5 225 S [Hze 15 226 56
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B 6 LcPAL EREFELINARERMHHRIEFR
Fig. 6 LcPAL expression level in different

cultivars of Luffa cylindrical Roem.
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Fig.7 The PAL activity in different
cultivars of Luffa cylindrical Roem.
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Fig. 8 LcPAL expression level of Luffa cylindrical

Roem. in different postharvest storage days
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Fig. 9 The total phenols content of Luffa cylindrical

Roem. in different postharvest storage days
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Fig. 10 The PAL activity of Luffa cylindrical Roem. in Lﬁiﬁ % 1F c
different postharvest storage days % g gi i . d
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I8 h JG T LePAL JER ARG HL (B 11) , 2505k
B, 22 JNAE £ D) 5 B IR CED 2 h B, LePAL JE R 33k
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