224 Chinese Journal of Ecology 2016,35(11) ;2974-2982 DOI; 10.13292/j.1000-4890.201611.024

REESMENRRZHET FHERER
e saatiisbAln

XEH Eak XFW

(HHREBREAEDTRREYPSHRA LR ELERE, RRAFREGHFEHRER, H¥ /KM 745000)

W OE VIR REE X HRAORA M8 8 I & B (Pro) fn £ i (PAs) i M AL, % F IR =
AR B T A% (25 mmol « L") (75 mmol + L) W E AR A4 0.1 3.5H7d
Yirt i Profn PAs & B R A X REMEBEMN TN, £REXV . 5B, HEE A M
WAEEAN B HERE TRELZ T Pro 48, 8K E MR E WG E XTI E I,
R 38 T i o8 bk -5-3R Bk & R B (PSCS) E MR, T 2 A B -5- A L # B (5-0AT) fn
i 28 Jii 2 B8 (ProDH) 76 1 2 47 5 % R k22 T 8-OAT & PE4& & , 1 P5CS A1 ProDH 3% 14
TEUAREKERET Pro 5 UAEREENE, GREMETUE ARREN F;
1. B R WOR A T, B A (Put) LR #(Spd) # kB (Spm) & %4 & 24 Spd #¢
KA Spd Spm 4 ER &, 4 A A Put Spm MRA S Put S EEME 1~5d B #RE, 7
d BT B R e 8 R 08 K TR K a8 s Put/PAs #1(cPAs+bPAs) /fPAs 7 il 1~
3AdmES, HES5~7dE TERIEMLFHEEL, (Spd+Spm)/Put By 4 {4 H 48 7, BA e 41
Bl % i R T 5K B Put/PAs 8 % th (Spd+Spm ) /Put, (¢PAs+bPAs) /fPAs & filk
Wld HEEERERTHERER NS, EAMEEAHARELENZRAEEZ, FEAR
L% B (ADC) fn & 2 B L4 B (ODC) E M AR HREHRHBE A M H R g, — KAt
B (DAO) /&Ml 1~3d THEREZ /AR KA, ME S5~7d B A5, KA NE(PAO) %
th %1k 5 DAO 48 R, EL& i e T ADC .ODC . DAO Fr PAO By 7% 18 A TR & ihae . 3
OB A AT B (1~3 d) B A PAs(fPAs) W 454 A f 4 A PAs(cPAs+bPAs) # 1L,
PR AR IR E 8 5 B (5~7 d) Put 7] Spd # Spm % 1L By AE A 5B T ok E b 2 K I
W AN R PAs & KA N R E

A REORAME, WK WAR; 5

Effects of salt-alkaline mixed stress on proline and polyamine metabolism in leaves of na-
ked oat seedlings. LIU Jian-xin*, WANG Jin-cheng, LIU Xiu-li ( College of Life Science and
Technology, Longdong University, Provincial Key Laboratory for Protection and Utilization of
Longdong Bio-resources in Gansu Province, Qingyang 745000, Gansu, China).

Abstract; To explore the proline and polyamine metabolism-responsive mechanisms of naked oat
(Avena nuda) under salt-alkaline mixed stress, a naked oat cultivar ‘ Dingyou No. 6’ was cul-
tured with perlite-sandy pot in greenhouse. The contents of proline and polyamine and the activi-
ties of proline and polyamine-metabolizing enzymes of naked oat leaves on 0, 1, 3, 5 and 7 days
by the treatments using Hoagland nutrient solution added with mixed salt-alkali ( molar ratio of
NaCl : Na,SO, : NaHCO, : Na,CO,=12:8:9 : 1) at 25 and 75 mmol * L' were investigated
after the seedlings had three leaves. The results showed that both low and high levels of salt-alka-
line stress significantly increased the proline contents in leaves during the whole stress compared
with the control, and the increment was higher under the high concentration stress. Activities of
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pyrroline-5-carboxylate synthetase (P5CS) in leaves were enhanced significantly under the low
concentration stress, while the activities of ornithine-8-aminotransferase ( 8-OAT) and proline
dehydragenase (ProDH) were inhibited obviously. The 8-OAT activities were enhanced signifi-
cantly, but P5SCS and ProDH activities were decreased obviously under the high concentration
stress. These changes demonstrated that the proline in naked oat seedlings was mainly metabolized
through the pathway of glutamate under low concentration stress, and an ornithine pathway was
predominant under high concentration stress. Moreover, the contents of free putrescine (Put) ,
free spermidine (Spd), free spermine (Spm), conjugated Spd, bound Spd and bound Spm in
leaves were increased significantly in the whole period of both levels of stress, and the contents of
conjugated Put, conjugated Spm and bound Put were increased significantly in the 1-5 days of
salt-alkaline stress, but they were obviously decreased on day 7 under the same stress. All of
these changes were more obvious under the high concentration stress than that under the low con-
centration stress. The values of Put/PAs and ( cPAs+bPAs)/fPAs were increased significantly in
the first 3 days, but decreased or without significant changes in the 5—7 days under the same
stress, while the changes of (Spd+Spm)/Put demonstrated the contrary trend. Low concentration
stress had lower Put/PAs value and higher ( Spd+Spm)/Put value in the whole period, and the
(cPAs+bPAs) /fPAs value was lower in the first day under the low concentration stress compared
with the high concentration stress; during the 3—7 days, there were no significant differences be-
tween the two concentration treatments. Furthermore, the activities of arginine decarboxylase
(ADC) and ornithine decarboxylase (ODC) were increased significantly in the whole period un-
der each level of stress, and the diamine oxidase activities in the first 3 days of the stress de-
creased or slightly changed while a significant increase was observed in the 57 days. The change
of polyamine oxidase (PAQO) activities demonstrated the contrary to the DAO. These changes
were much greater under the high concentration stress than under the low concentration stress. All
of the results mentioned above suggested that salt-alkaline stress enhanced the capabilities for the
transformation of free polyamine to conjugated and bound polyamines in the early period (1-3
days) , and the low-concentration stress had stronger capabilities for the transformation of Put to
Spd and Spm in the late period (5-7 days) compared with the high concentration stress, while
the rate of PAs synthesis and decomposition in the whole period under the high concentration
stress was faster than that under the low concentration stress.

Key words: salt-alkaline mixed stress; Avena nuda; proline; polyamine.
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Fig.1 Effect of salt-alkaline mixed stress on proline con-

tents in leaves of naked oat seedlings
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Fig.2 Effect of salt-alkaline mixed stress on P5CS, 3-OAT and ProDH activities in naked oat seedling leaves
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Fig.3 Effect of salt-alkaline mixed stress on contents of free Put, Spd and Spm in naked oat seedling leaves
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Fig.4 Effect of salt-alkaline mixed stress on contents of conjugated Put, Spd and Spm in naked oat seedling leaves
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Fig.5 Effect of salt-alkaline mixed stress on contents of bound Put, Spd and Spm in naked oat seedling leaves
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Fig.6 Effect of salt-alkaline mixed stress on Put/PAs, (Spd+Spm)/Put and ( cPAs+bPAs)/fPAs in naked oat seedling lea-

ves
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Fig.7 Effect of salt-alkaline mixed stress on activities of ADC, ODC, DAO and PAO in naked oat seedling leaves
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TREST, 6 40 B A o AR R g B R AR
(Ashraf et al.,2007) . A5 KB, Fh IR & Whia
P AR M F Pro 5 i, HL 75 mmol - L7 AL B
AE4IE R T 25 mmol - L7, 3X 55 NaCl Bl T 4515
( Cichorium intybus) ( FRESE,2011) F1 NaHCO, fipi8
ok H XU B 24 ( Saussurea runcinata) ( B 5 1L 4§,
2011) Byme B — %, BEHAR 2R Pro s BRHEZE i 1 R
BRIR 5 FPh 38 1 T 2 7 4 SO, AL X b DR ol ik —
R TEh 8 P T A P 25 T R, MR B2 AR R Pro FLER R
BRFREERE N S d SR TRECE D) .

Zhen % (2009 ) BF 5T & W, £ W38 F
( Phragmites australis) Pro W& B £ 2 14 Glu &
18 ;NaCl /i8R 25 E Pro AR Glu 1 Om &5
A ok, K0 B A I DL Glu 348 3, ok 2 Jplr e
B} Orn 3& 48 7 32 S0 ( E RS, 2011) 5 Bl rac
X T35 Pro & LA Om #4480 3, H ProDH 15
PETE NaHCO, JHiE T F 4l AR R A 5 & Na, CO, i
BT AR FR R T Na, CO, M8 T B4 i
A FRE(E D715 ,2011) AR S0 %0, R ilR
BMHE N AR A e A 1~7 d,25 mmol -
LT bR T PSCS Y&, T 8-OAT I PEEI W i T
K, PSCS 1% 1 BEAL BRI E] 284 19 2216 5 Pro AR —
3, 8-0AT {5 PEF B8 B a] 28 4 SERE IS T3 75 mmol -
LT AEBER PSCS {7 PEAR T X5 BAT 25 mmol - L' b
H,8-OAT 16 M T4 BRI 25 mmol - L™ AbFE, B
AL PRES (] SE RN R [, 17 §-OAT 3PS Pro /K
A —E (1 1 R 2) , UEIITEAR IR Eh iR &
JilpiE TR Pro A LA Glu 34258 3, JUIHAE M
RIS d /) E)EI(S d JE) BE Glu £ i ie

F)F B, Om & 42 G B RE 71 B I8 1% 9, 3X ] BE &
P5CS 3% Pro Ui, 1M 8-OAT WIAR3Z Pro il
il 45 & (Zhen et al.,2009) ; 15 = ¥ 3 £ 0 IR & W38
T, B Pro A% O 3848 5 3 S A7,

Put Spd 1 Spm &5 VLI 3 Fh2EAl PAs, L4
HAEm AR R R 4 i B 2 25 B AR
AR, WM T PR PAs UL A& &
A T HN R R IR A PAs 43 & A A0 B 5% 4k
(Alcézar et al.,2010) . 3K [ 3% (2010) BF5E &I,
FH KT R I H2 00 8 TR R il B 8 45 B SRR
4075 Put,Spd Fl Sp & & K45 A B MRS Put 7
o P R AT R Tk A TR s ) e 3 ) 3 e
1o NaCl JHirif T 1 55 35 FH 5 A 3 f0sk &y
TEFP T E oL FE P 4 HF T AT 4 R 1Y PAs 7K 2
ARG Put 18] Spd A1 Spm  JiF B35 PAs M &5 &5
PAs FIRZEA PAs #ALMRE ) ( EERAE 2011) , &
WF5E 0,25 175 mmol - L™ $hAd IR & Whid 48 55
TRRIEZ Gy i B AS Put Spd #l Spm F it {H
75 mmol - Lflﬂ‘}ﬂ%imgﬁiij(;é%%ﬁ*ﬂﬁﬁéﬁﬁ Put
FREMAI(1~3 d) BERE, H 75 mmol -
L' A HE A& 55 T 25 mmol - LT8R AR E H
AT (5 ~7 d) Ho 8 5 2T R a2t A B
2, H 75 mmol - L P& AKX T 25 mmol - L7,
256 A FHRAA Spd Al Spm 7 it B $ =, B oy
7 d BFEEA A Spm F i 75 mmol - LT AT
25 mmol « L' 4b 3 Ab, L4y 4k 3 [H] 24 3% B
75 mmol - L '"ZEFH KT 25 mmol - L7, BLHA4ERFER
KT 25 R ST PAs 2 R aHE 27 1 IO O v A R
Ty 260 114 B ZEARAE

PAs LSRN H B S A BTk A 6 . R
41 1 (Spd +Spm ) /Put ¥4 /i & Put/PAs B [ I
JI 5 AR PR B TE AR OC (AN 55,2004 ) o #hJBE
AR S K S A AR Pur/PAs (KT R0
b, 17 (Spd+Spm) /Put Fl( cPAs+bPAs)/fPAs #I4H
R EHAF,2011) . APPSR IR, 25 F1 75 mmol -
L bR A A T B L i Put/PAs 78
R (1~3 d) W4, a5 (5~7 d) ¥
Eﬁ%ﬁﬁ/}ﬁﬂcxﬁ,ﬁ%&%\ﬁfi,ﬁﬁ 25 mmol « L' 4b
FAS 75 mmol - L' A0 ¥ B K 1Y Put/PAs {H.,
(Spd+Spm) /Put {H7E 25 F1 75 mmol - L' AR A
il 1~3d FFE,5~7 d #%, H 25 mmol - L4575
mmol + L™ AbBRAEFRE T A X 4 51 19 ( Spd +Spm ) /Put
(B, ULAA B % ER IR A P38 s B) 2B K R Put
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] Spd F1 Spm H% AL RE Sy 9 , ARk B2 W38 T 10 F%1k
REJIR TRk BED A . AWTSEHE T E & Put 5 &
FYEINBEIS T = 5 76 ( Medicago sativa ) %7K 43 Jir 38
BIPTHE ( Goicoechea et al.,1998) ,{Hid & Put FL 2]
Xof %% 5 R B ( Nicotiana tabacum) & 1% T 1575 ( Pa-
nicot et al.,2002) , M8~ Spd FI Spm % & A4
AR FKFE ( Oryza sativa) PrELPERI3E 5 ( Roy et al.
2005) , BRIEZ S TEARIKE (25 mmol - L71) £h7
RAWE T, iR rh 3K/ Put/PAs FIEL = 1Y
(Spd+Spm) /Put {H 7] RE & H REAL T 52 1Y B 22 Ji (A
(cPAs+bPAs) /fPAs {H7E 25 F175 mmol « L™ £hA8 R
ORI (1~3 d) ) B F 5w, i m I (5~7 d)
AR AN K B rif 1 d B 75 mmol - L™ Ak FH )
(cPAs+bPAs)/fPAs KT 25 mmol - L' #p, H 4B
JHIE S 2E AN R DO R B Eh R b
JEEE SRR AL 30 AT I S A5 PAs [l £ 45 R
RATZS PAs (AL, 33X T 8 2 Y 8 R a3 17 1 1)
HEHLH

W5 R, BURE IF (Arabidopsis thaliana) ADC i
PEE R, Put A Spd 7 5 W34 i1 ( Urano et al.,2003) ,
Tl ADC K& R 3% 35 1 U 7 2 A8 AR FE S e R
ADC T PERRAR, PAs & 820, $h B0 1 55 ( Kasi-
nathan et al.,2004) , AHWF5E R, TR00R A WA T
M T - ADC 1 ODC & M4 &, H 75 mmol -
L' AL B 0E K F 25 mmol « L', ULHHIRAIIE &
e PR SR B T Pat A Y Om Al Arg iR 1%,
Put 5 18 BE 7 7E = W FE W38 R B3R, DAO fiEfk
Put( i) WAL i AWTTE R BRAEE A ER
BIR A WHARI (1~3 d) Put FEMECRBAL, a5
WI(5~7 d) o fifp sl 4 e, HL i Vi B Ak B ) 3 fie i
AR TARVR L AL B, B8 e HE B, ER AR A W3 T 1Y
PRIEE BRI A 5 I Put 5 55 B0 T BB 2
FZFA , Put [5] Spd F1 Spm %4k 5 i ik ] f8 %A
B R {H SR B e T AR R B Put KF AT
RES I LR DAO TR PEA 55, PAO ZAE1L Spd
( =) Al Spm (PUME ) 5 PAs i 9 CHE R, AHiF
FEH ERORIR S A B T AR A (1~ 3
d) B PAO 75, INEE T PAs BY40f#, H 75 mmol -
L i e B2 JBlh 3 19 0 i AR T 25 mmol - LRI
JFEIA 3 AT GE A2 AR B2 AL B R (Spd+Spm ) /Put
e TR AL PR A, £ bR BRI 4
1 ADC 1 ODC {5 PETE i vik 2 R IR & e 5 1Y
PTG AE S ARRT AR DAO 15 PRI e fR 0t T i s

A Put LR Put BERIFL L4 Spd F1 Spm, i
M 45 & BRI PAs, HAX & 1Y PAO 1%
PENNE T Spd A1 Spm Y43 , 8 w2 ¥ 52 38 1) ( Spd
+Spm ) /Put fI& TR B Wit

4 4 g

IRV (25 mmol - L") Eh8R & 38 T, #Ra%
W R PSCS i T, 8-OAT il ProDH i 14
TR, Pro FAEZ DL Glu S B IR R G Al b 5 A1 53
it R [ IR 25 2R 5 @R 2 (75 mmol - L) #h
IR A A T 8-0AT 1GPEHE &, PSCS A1 ProDH {i
PETFE, Pro LR DL Orn N B A2 & A 55 Rl
fif T REEMRIE TS, S EEINE T Pro LR S T
AR B T30 1) Ji BXL AT e 5 o Wk B2 JBh Al R ProDHL B
R KA K,

R R SRR A WA T, A R R ADC
ODC AR DAO TP | 4E45 T A X B e i s 245
LA R PAs ZKF; MAHXT R = 1Y PAO 16 1
AR B (Spd+Spm ) /Put I FALHE & W8 (1) &

EIRA WA (1~3 d) Pu/PAs {HIE 5,
(Spd+Spm) /Put {6 T K&, a5 (5~7 d) 22460
FHRZ , FAGHR B 138 2 A AR Put/PAs FIEL =5 1)
(Spd+Spm) /Put, B BHAK v B2 £R 5 1R A W38 )5 B 5
HHT Put [1] Spd FI Spm AYH:AK

IR S W (1 ~3 d) (cPAs+bPAs)/
fPAs (H4R 8 A (5~7 d) 2846 A i, Hss |
IR B e T AR Ak T 22 57, 1 BH ER BT & W 47
WIS PAs 45 A A MR A PAs B551LAE
T

S 3k
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