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Roles of phenylalanine ammonia-lyase in low temperature tolerance in cucumber seedlings.
DONG Chun-juan, LI Liang, CAO Ning, SHANG Qing-mao, ZHANG Zhi-gang (Institute of Vege-
tables and Flowers, Chinese Academy of Agricultural Sciences/Key Laboratory of Biology and Genetic
Improvement of Horticultural Crops, Ministry of Agriculture, Beijing 100081, China). -Chin. J. Ap-
pl. Ecol., 2015, 26(7) . 2041-2049.

Abstract: To reveal the roles of phenylalanine ammonia-lyase (PAL) in low temperature tolerance
in cucumber seedlings, a specific PAL inhibitor ( AOPP) was sprayed to the seedlings, and then
the stress tolerance was determined. The results suggested that both gene expression and enzymatic
activity of PAL in cucumber leaves were induced under low temperature. The seedlings pretreated
with AOPP showed lower PAL activity and less accumulation of phenolics and flavonoids. Low tem-
perature caused damages in cucumber seedlings, and pretreatment of AOPP aggravated these dama-
ges. Compared to the control, the seedlings pretreated with AOPP showed significantly higher rela-
tive electrolyte leakage and MDA production, lower maximum photochemical efficiency of PSII
(F,/F_) but higher photo-chemical quenching coefficient Y(NO) , and reduced expression of low
temperature-responsive genes ( PR1-la, COR47, P5CS and HSP70). In cucumber seedlings, low
temperature stress induced the accumulation of H,0,, increased the contents of ascobate ( AsA) but
decreased the contents of dehydroascobate (DHA), and thus reduced the value of AsA:DHA. In
the AOPP-pretreated seedlings, the activities of antioxidant enzymes ( CAT and APX) were signifi-
cantly repressed, and excess H,0, accumulated. The value of AsA:DHA was also lower than the
control. Furthermore, co-application of H,0, scavenger alleviated the low temperature-induced
damages in the AOPP-pretreated seedlings, while co-application of a CAT inhibitor made the seed-

lings more sensitive to low temperature stress. These results indicated that under low temperature
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stress, the enhanced activities of PAL could increase the biosynthesis of phenylpropanoid com-

pounds and activate the cellular antioxidant enzymes, which could scavenge the excess ROS and

maintain the cellular redox status, and thereby reduce the photo- and oxidative damages caused by

low temperature stress.

Key words: cucumber; phenylalanine ammonia-lyase ( PAL) ; inhibitor; low temperature stress;

tolerance.
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1.1 BRI 3R 5 A3

B R R < gk 2037 [ b E LR
SEBE B AL T ST, 12t Pl Ry 28 A P 2
R A |y A R S| AN S T E 0
RIEPY R8T 2013 4F 4—5 A 78 E AL B4 B i
SACT I T IT B 38 2 A T 25 AT, PSS b AR Al 1Y
BN, AT 5% AR ANTH 5 10 min, JH /K MYk 5
WG, BT AR (EG - BERA=1:1,V/V)
T REL I SRR IR S — 3 gl i R A 98
BB (40 cmx25 emx 10 em) 1, FERE P 1E F 46 b ik
TPEFRW IR, B IR EH 1/2 Hoagland & 77 1K
(pH 6.5) 5355540 B RRE S 28 C/18 C ot
JERASR 10 h/14 b, JEREEEE R 600 wmol « m™ + 571,
AT A 80% ~ 85%.

ME NG M IR B — 0 — O AT A b H
1) X BB Ab B ( Control ) « X 4y v i I M e 25 15 1 /K
(% 0.1% Tween-20) , BEREL) 1 BER BT &4 1 mL,
w3 vk, FALTE 24 h 5 #EA TR IR A AL B 2)
AOPP #b¥H( AOPP) ; | 100 wmol - L™ AOPP /K&
WA 258 K, X &Iy 9 AT Wit , A Rl % R Ah
#;3) AOPP 5 DMTU & & 43 (AOPP+DMTU ) : Xf
W5 AOPP (%) B 7EAIR AL RS 2 h, I Wi DM-
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TU(5 mmol « L") , BFRZNH M 1 mL,2 h 54T
RIRAL B ;4 ) 3-AT ALFH (3-AT) . XF BB Ab B (1) &)y 1 78
IRIRALFERT 2 b, P TEIWEHE 3-AT (50 mmol « L") , %
PR TS 1 mL,2 h JFHEATARIRALEE;5) AOPP 5
3-AT A AP ( AOPP +3-AT) . XJ Wi jiti AOPP f44)]
HIEMRIRALFERT 2 h, M B SO mmol + L' 3-AT,
HAR RN (4) AR 8 A B 550 R 10 ¢,
FEHR G B 200 wmol + m™* - &7 AH X 50% ~
60% . I A FH A AN ] Bsf (1) 0 BBORE | E A7 45 T4
A0 5

1.2 AEHE bR R ik

H,0, i %€ 2 % Kawai-Yamada 28! i J5 ¥
FREL 0.05 ¢ BRI H, A 3 mL B AR 44 2% vhifk (50
mmol + L™, pH 6.5) 7E VK T WFEE L 519K, 4 C
12000 xg #5.0> 10 min VS 2 mL 5 1 mL GifR
RIS (T 20% IR H) IRE , RZiRY A, i
6000 xg E§.L> 15 min ¥ T30 IHETE 410 nm [
@l A H, O, br e i 283 B AR i 1,0, 1%
i (wmol - g7'FM).

PSR A R 25 £ (4 0 52 2 BR ke DR 25 1 O ik
FHIE I ASGT IR IR ( AsA ) A80bR o il 2, 3 3 A v
LITEREM P AsA Y& i (pmol + g7 FM) AT
INILAR (DHA) fF5 8 R B PU IR LR & 5 AsA %
2.

I S A R BT 7 2 I Meyers 2514 fY
D5 DI TR (GA, A2 1) A Ay & 5 i s o it
4P ERE R T S B E i (mg GA - g7 ' FM) . 2K
R ) A E S IR Jia SO, IS T (4
o) bk, 2 5 5 3R 8 F nmol rutin - g7 FM.
FLAR T2 T R A 2 2 B2 5 A2 P (R ks s TR R
(MDA ) 5 R R B 22 1R Lh gk 7 g

2R 2980 S H50R R ALK o 43 A7 2% (Junior-
% 1 Real-time PCR &[N 5|#1F 75

Table 1 Primer sequence for real-time PCR

PAM , Walz, FE [ ) M5 , I & o B2 AT 5507 vk 2 R
2t BT k.
1.3 PSR E

PAL {5 5 2 18 Shang 25" (1) 75 k. P4k
fitk APX A1 CAT 5% PEI 52 . /R HX 0.3 ¢ BN, i
A5 mL 42 HUZE IR (50 mmol - L™ AR N ZE wP R,
pH 7.8.0.1 mmol - L' EDTA .5 mmol - L' HTIf I
M2 1% PVP-40) , KIRHITIE , 2R 2 T B g
1,4 °CF 10000 xg &0 10 min, L E3E R T
APX I CAT' " J& P 5 0 5 5 22 IR Xia 4512
AR5 1. 4R BT b 2 v B SR B T Ml S W v
(BioRad, ZE ) 2L
1.4 BEPFE oKD E

N A s RNA SR TRIzol 357 ( Invitro-
gen) $2HL, DA Oligo dT A 519, {fi | Reverse Tran-
scription System ( Promega , 3¢ [§ ) 47 [ % 5% FllcDNA
SE—HER) A B TS cDNA F T Real-time PCR & &
7M1, 18558 Transstart Top Green qPCR Kit (423X
%), AXER K iCycler iQ™5 ( BioRad , 32 [ ) . L5 5
Actin £} Real-time PCR S N2, PCR S
Fras Bn 1P an R 1 Fi s A5 00 5 PR 0 R X6 R 3K 7K -
K AAC, A TE AR i 3 IRER.
1.5 Hsibs

IR EE R 3 WHE S 1V BB+ FR DR (means
SD) %7K, 2K H Microsoft Excel %4 4b ¥ 40 P8 Fn 4F
€, 1 DPS 2000 Hi {4 %t & il ot 47 07 22 91 #r , iz
Duncan H 5 22 0 E AT 22 57 . & 1 (P<0.05) K55

2 ZER59Hm

2.1 fRIEME N B R E v PAL {6 PR AL R ek
KR AE AL
P 1 RIRD, 10 SCARIR AT A S 3 Rl i i

HH ICuGl AP35 EE el

Gene ICuGlI accession No. * Primer sequences

RN R R i Al CsabM446290 PAL-F: 5'-ATGGCTTCATATTGCTCTGAG-3’
Phenylalanine ammonia-lyase ( PAL) PAL-R: 5'-ATGCCTCAAGTCAATTGCTTG-3'
JAREAHCEH 1-1a DQ641122 ** PR-F: 5'-AACTCTGGCGGACCTTAC-3'
Pathogenesis-related 1-1a ( PR1-1a) PR-R: 5'-TCAATATGGCCTTTGGTATAAG-3'
BRI 47 Csa6M358710 COR-F: 5'-GACAACAAGAAGGTCGAGGA-3’
Cold-related 47 ( COR4T) COR-R: 5'-GAGTTTCTCCAAGAGACTAGG-3'
L 6 Wbk - 5- FR TR 5 i (Csa3M733920 P5CS-F: 5'-CTCCATATGAGGATTCTTCTGG-3'
Pyrroline-5-carboxylate synthetase (P5CS) P5CS-R: 5'-GCACAAGAAGCATAAACAGC-3'
HIFE 70 Csa5M149330 HSP-F: 5'-GAGAAGATCACCATCACCAAC-3'
Heat-shock protein 70 ( HSP70) HSP-R: 5'-CTGGTTCTTCATGTTGTAGGTG-3’
W& Actin Csa6M484600 Act-F: 5'-TGGATTCTGGTGATGGTGT-3’

Act-R: 5'-GCTCTTTGCAGTCTCGAG-3'

* ICuGlL. #H7 RHEH) 5 N 41 854 /% International Cucurbit Genomics Initiative , http ://www.icugi.org/ * * Z A F 453k 3 NCBI 3% £ Nation-

al Center for Biotechnology Information, http://www.ncbi.nlm.nih.gov/
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Fig.1
PAL in cucumber leaves under low temperature stress.
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Changes of enzymatic activity and expression level of

same below.
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AT DA 1 4 i i R v S T R 2K e R Y AR R
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ZEIH IR AT AR 2 W A Sk X
MR 80.6% 1 79.7% ; IR AL B 72 h I5F, Eil F12E v
i 5 A X BRI 70.6% 11 65.8%.
2.3 PAL 5 FoAL BT 5 T4 v H FE T A RZ

10 CARIRALFE 72 h 255 6 & v s g 40, %
PRy it R v B B8 T R R0 MDA 5 £ i 25 T
&L F/F, WAL, O 28 Y (NO) B3 T+
(E 3) . 55X IEA LL , et AOPP #5 JN4H 1 Al 32 0 1
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WA, F/F, ) AR BE 0T R, S ok B A Bk 1Y
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RAARR, W AP B fin k.
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W 4 B AR IR AT A S e AR DG JE A (dn
PR1-1a .COR47 \P5CS .HSP70 %5 ) 21k | % REAG A%
rhsK S 5 PR ) R IR KT A il 4 T 6.05,13.64
5.93 F14.35 . W5 AOPP ({8 IN4h i v | % T &5
P, SXHRA L, COR4T Fl PSCS By F 5K 1A
BB 2% 5%, PR1-1a 1 HSPT0 (9323550 BINE A R [
AL 5 AR e T, X L3 R ) e Tk KO i 3
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Fig.2 Effects of AOPP pretreatment on PAL activity, contents of total phenolics and flavonoids in cucumber leaves.
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Fig.3 Effects of AOPP pretreatment on low temperature tolerance of cucumber seedlings.

&2 AOPP FIAMEIHMEIRMNE TENA &R FH H,0, IR MER S E K AsA : DHA B340
Table 2 Effects of AOPP pretreatment on H,0, and ascorbate contents and the ratio of AsA to DHA in cucumber leaves un-
der low temperature stress

Qb Y5 H,0, SPURIm R AsA DHA AsA:DHA
Treatment Temperature (pmol - g™ FM) Total ascorbate (wmol - g™' FM) (wmol + g”! FM)
(c) (pmol + g™ FM)
X HE 28/18 0.16+0.002¢ 1.58+0.043a 1.43+0.032a 0.15+0.011c¢ 9.53+0.658a
Control 10 0.26+0.011b 1.57£0.051a 1.31+£0.024b 0.26+0.027b 5.04+0.469¢
AOPP 28/18 0.19+0.014c¢ 1.49+0.069a 1.29+0.033b 0.20+0.036b 6.45+0.337b
10 0.32+0.016a 1.47+0.062a 1.14+0.036¢ 0.33+0.026a 3.45+0.317d

ANEYING FREF R A R AL PR 22 5 1 3 ( P<0.05) Different letters indicated significant difference among treatments at 0.05 level.

9r PR1-1a 18- COR47 a I %8 Control
O AOPP
& 15
61 12+
b
) 9r
3 b
g 3f 6f
o e d 3t c ¢
§ [ = =
5 0 . , 0 . ,
B
= 6r P5CS 8 HSP70 a
M a
g 5+
; |
4-
7 b b
% 3+ 4t
2r c
c 2+ d c
L |
0 I o .
28 C/18 °C. 10C 28 C/18 C. 10C

4 AOPP AL BGHIIR a3 R i eh PR1-1a (CORAT PSCS Fl HSP70 J: K 357K F- 152 1)
Fig.4 Effects of AOPP pretreatment on the expression levels of PR1-1a, COR47, P5CS and HSP70 genes in cucumber leaves under

low temperature stress.
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1R (5.04).

fIGHR T DL 5 3RS i b Pt A AL B CAT
APX IS PERY T & I 5 Brs  IRIR T, BER4h i i
JFrHT CAT A1 APX G P42 W I s SR 4 i Y 1.43
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Fig.5 Effects of AOPP pretreatment on activities of CAT and

APX in cucumber leaves under low temperature stress.
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Fig.6 Effects of co-application with AOPP and DMTU or 3-AT on cellular H,0, content, AsA:DHA ratio, MDA content and F /F

in cucumber seedlings under low temperature stress.
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3

PAL 2 3% 300 AR AR N e 2 vk AR AR Y
FXAL, SR A K & BRI 2 58 3 A S Y A
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T PAL {EPETH R, FLX AN S B R A e e sk
S I FEASRES 10 °C AR IR AT LA S B RS
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5GBSy v IR 3 (e . 2 I PAL DLSE I
KW AFAE, EAEAE 7 ARG, B4 PAL FEH
RS2 2R R O TEA 51, R4 PAL
7 22 [TV I P 7 A2 E e B A DB TUAY, IR
LR B 352 42 58 A8 J7 ¥ % PAL #E 4T D RE
Br AR ES b, % 5 &) A BT 100 wmol + L™ 441
il AOPP, AT DL 5506 PAL 36 M, 4 il By 2 Fn S5
BRI B R (K 2) , R — R AT BT LU
AR T PAL BYZIREWFE.

PAL I 1 T i S A 4 IO X6 20 58 1 361 1) 325 3 S5
MY PAL T2 2] A T 2R 2z
13 FE B IR, MDA & ORI fif 518 T 838 K, Ot
PR IR (& 3) , WhaE AH G N 5 Rk A7
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