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SNP F1 cPTIO Xf NaCl 8 FH#IBE TR EE %M
B OE, BaElt, AR, & M3, EHES

(LEMER SafES5HARR, BY 650214; 2. A R%¥ LaRl 225K,
BB 650091; 3. AWM RS LB EEhk, B 650092)

W OE. LB, BFE T 0.5 mmol/L MSMNE— S /A SRR 41 (SNP)FI 200 mmol/L #— ALK
B (cPTIOY X 200 mmol/L NaCl 18 TH#IE A4 BB, 0.5 mmol/L SNP # 200 mmol/L
cPTIO W4k 2 h F, i1 A 200 mmol/L NaCl, KRR IF A 200 mmol/L NaCl J5, 8 12 h i
—W,MEN B A KFR 0 E S EAYEE(POD) B £ /L1 4L EE (SOD) . — i (MDA fl i@ E BB F(OD)
H12E4b. &R 0.5 mmol/L 1y SNP 8822 #% 200 mmol/L NaCl B4 E E# M THMMAERK.B%
REHE LR R L POD 1 SOD Hi#k, EERE MDA i OTW & &, AR Bk, 1 NO % —if
Brf cPTIO BEdi %% SNP f) B3R AR .

XKRH: —EIE; cPTIO; #Hiha; BB

hESHES . Q45 XEIRIRE: A X EHE . 1000-3142(2010)05-0666-06

Effects of SNP and cPTIO on physiology of
Arabidopsis seedling under Na(Cl stress

WU Jial, YANG Hong-Yu!* , YANG Ming-Zhi?,
LI Xiang3, XIA Shao-Lei’

( 1. College of Life Sciences and Technology , Kunming University, Kunming 650214, China; 2. College of Life Sciences,
Yunnan University, Kunming 650091, China; 3. School of Life Sciences, Yunnan Normal University, Kunming 650092, China )
Abstract: Three groups of 8-week-old Arabidopsis seedlings were cultured, they were respectively pretreated with
water,0. 5 mmol/L SNP and 200 mmol/L cPTIO for 2 h, after that,200 mmol/L NaCl was added. Fresh NaCl solu-
tion was applied every day and some physiological indices such as peroxidase(POD) , superoxide dismutase(SOD) , ma-
londialdehyde( MDA )and superoxide anion{Q3)were determined 12 h later. The results showed that SNP could re-
lieve NaCl stress injuries,and promote the growth of seedlings under salt stress, significantly improve the antioxidant
enzyme system, POD and SOD activity significantly reduce MDA and O7F content, thereby enhancing the salt tolerance
of plants,while the NO specific scavenger ¢PTIO could reverse the above effects of SNP,

Key words: nitric oxide(NQ); c¢PTIO ;NaCl stress; Arabidopsis thaliana
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BERAET, AN Na* B BHE. B FPHHEB  1E M (reactive oxygen species, ROS) B 1F B 55 7=
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BERg S MRS S E . B REE R B R
EHHG, B IR B 454 (Foryer %, 1994; kiH £ %,
2006), i — & 4k & (nitric oxide, NO) £ ¥y # —
MEENGSHST EEEAYER AT .Z8. .48
BT . ZIEBH IRA FE S & MR
B =X A ma K. o R ¥ B B 9 fB (Delledonne 4,
1998;Durner & Klessig, 1999), — 4L & i &
5% 44 (sodiumnitropprusside, SNP), il i # & &b
ia T A SOD #1 POD %t , [F] & B % i 5
SEATFYHRN _BMDAMBEERB TN SE,. 2
BT HTHESFBWXNE FHEEY ARG,
M E AR /EH (Ruan 4,2002; B #%,2008; &
EE%,2006), Beligni & Lamattina(2000) fiF 5%
F B SNP o] 35 0GR v B B E R 785 & - FRURE
Al ¥ NO & & 7 [(2-(4-carboxyphenyl)-4, 4,5, 5-
tetramethylimidazoline-1-oxyl-3-oxide) , cPTIO] B
. A5 LAIRE IT AL, BESE SNP #l cPTIO
Xt NaCl 38 THAR ST ot A BB R P e EE S LB &1
B R R B 45 A9 SR, 33 NO Z#% #l m FF NaCl

1 #M#E5F&E

1.1 ##l

B A G 3T (Arabidosis thaliana ) Columbia 4=
A8, & E Lehle seeds 2 AR 4E,
1.2 A%
Lz 1 ##3%i BEHAFHFRELS mL Bo
ByMA 1 mL BEKH 30 min &, K KE di, mA
1 mL 95 %845 % 5 min, A 1 mL 0. 1% HgCl
JHE 5 min, BRJGHTHEKSE S KU E. #FH MS
BRI, 4 CRB2~3d 5,838 22 °C,90%4H
SHEBE,12 h 658,12 h BEE 8906 RIS SR A0 R EE 5%
K2 FEMB B, H2HREHELZ (6 cmX6
ecm)EH, MABE L, BHEZREGTKH&EE
(45 cmX 35 em) R, B B 7K, & F/h D s NIE AP
ERBES Y, IERKERHE LORLT, HETRERE
ET. BE4RE, AREBEEE . 3~4 d5HE.
MNEHEFE E R P HRARIF0.5~1 ecm iy
KE. BEESIHE 22~23 C, %8, 150~160 um-
ales/m?secPAR (400~700 nm) , 3% M At jEl 10 h/d,
BERRE 70%.

1.2.2 SNP & & o4l NO fE{E#53% 1 (SNP), iy

B SIGMA 2], FZ1E/KBE % SNP, 3L BAL .
1.2.3 cPTIO % Be & — KA FBH (cP-
TIO), g B SIGMA A #]. H#FE/k B4 PTIO,
LA BB .
1.2.4 X4 w8 FAAAEK —-FAMUHITE
4> B A 0. 5 mmol/LSNP # 200 mmol/LcPTIO
WLt 2 h F, WA 200 mmol/LNaCl, EXmAE
B NaCl %9, A3 12h J5 BURE #E 17 4% TU38 47 A9 |
. BTIrEE=K.
L2.5 MAERERF % BEAYEILE(SOD)F
T B 0 S 4R DR R 25 (2002) B B, LA AE 4 b B 41
KB (NBT) R JBR 50% 0 — 4 BIE S B
(U, EgHE L U/gFW RiR; it | LY E§ (POD)
TE R B e SR AR OR Bk (BR 8 R %, 2002),
POD WIS 0. 01 B I—PEHESR
P20, EBTE L, U/gFW R W -8B (MDAY &
BRI E (RER%E,2002), LI MDA #IsiAE 2
BRMBAAROKEAE=ZFJINERNE, FEU
pmol/gFW FRR; BEREF B HES BN E BR
B, 2002), IBEAHE FEHENLBRERR
BiA R NO, ™ 8 RIUE , & B L pmol/gFW FiR,
1.3 it & #r

4B % B Sigmaplotl0. 0 #4472 &, B
SPSS16. 0 G¢ 5k {4 % $UHE HAT Z E

F£1 KBLBREES

Table 1 Expertmental treatments and their codes
- NaCl ¥ SNP % & cPTIO W E
A NaCl SNP ¢PTIO
Code of . . .
treatment concentration concentration concentration
(mmol/L) (mmol/1.) (mmol/L)
To 200 0 0
T1 200 0 200
T2 200 0.5 0
2 HR59W

2.1 SNP #0 ¢PTIO 3§ NaCl B8 FHIEE S+ R BRI 200
HMIE SNP 5§ cPTIO Hi4bH 2 h &, 3 Ml T &
REATRFESHERE D, NE1EH, 886 h
M24hjm, TLEHAMN A HERIAENESHME
B, M AT To fn T2 A H4int F ¥R BEB AL,
e 8 48 hJ5, TO A BA M R FF IR A, T1 b 34
R FFEET AN T2 A AN % eE M. 3B
#7205, T AN FEFH LR HE T2 43 A
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30 %

WHNGRAE S BESE, Nk EE, T et
B2 T A A T B, IR S I R, R TO

RLEEL O 4R G B 102 T2 AbFRLL, $h b8 72 h
& T2 AL A A E R TR

[ 1 SNP # cPTIO %} NaCl & T #8553+ 3 2 /i B i
Fig.1 Effect of exogenous nitric oxide and ¢cPTIO on the Ararbidopsis leaves under NaCl stress
A-C.3hfl 6 h S & A AT K EEHR A TO4; B.TI4; C.T24l. D-F. # Mg 24 h GRALHAY A EBHR
D.TOH; EETI4; F.T24H. G-Lih8 1S h EHEOHAHKFEEEN G TOH; HTIH; L.T24.
JL. 2 72 h FEABATAESHER JTod,; K. TI4H; L.T24.

350 4
oa 300 —-10
g2 =
\5, % 250 4
#2200
B >
53 150
100 -
50 . . . .
12 24 48 72

KL¥BRHE) Days after treatment (h)

B 2 SNP Hl cPTIO Xf NaCl 8T
#FEST POD SR MW
Fig. 2 Effect of SNP and ¢PTIO on the activity
of POD under NaCl stress

2.2 SNP i ¢PTIO % NaCl B8 FTHIE 7+ POD &%
:ap- A0

W 2 FEk 2 i, B¥A NaCl LB TO 44
e, EW Rt E g POD £ B H 848 A%, m
A cPTIO HiAb3 2 h FE A NaCl 4b 3B T1 Mtk , 75
thihig 24h BF, POD 3 M B 04, 24512240 W

Seat TO 1 T1 A #kE F K B F (»=3,P<0.01),
T1 Mk a8 48 h &F,POD E# KIB FRE, 5 To
FEF. W SNP Hiib# 2h H A NaCl L H ) T2
bk . POD 5 7E 2 31 S K08 b F B e 3, 76 W 8 B
F W5 To ML EZRKEE (n=3,P<0.01),5 T1
THELBREL A 24 hot , FHEEZ R R E X, HALH
ZB2WMEE(»=23,P<0.0D,
2.3 SNP #0 cPTIO ¥ NaCl Bhi8 F#IE53F SOD &
0B

ME 3 FFEIFTUEFER, S ET&LHEA
SOD &H#H Mk EFHE TRAKE. TOM T1
AEHAATEER A 24 h B SOD & g, 2 )5
BIHE SOD & T, il EatE @ To M1 T1
WIEAZE SOD FHERHAEE. T2 LHA
SOD EHEMHMEA RN EE, BFRHRE T2
44 SOD Gk Ay el B BAE SR8 fE 48 h 25
BETTRE. B4R T2 4hH 4 SOD E il 48 h 5
BEF TR (HI SOD iEH:UiE F To 1 T1 AAB4A,
FHHBEEAT To A1 T1 434,
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% 2 SNP 0 cPTIO X} NaCl #hi T3k POD 55 - B &8

Table 2 Effect of SNP and ¢PTIO on the activity of POD under NaCl stress
L E] Treament 12 h 24 h 48 h 72 h
TO 100. 334+4.62a 105.56+7.61A 113.33421. 60A 126.11+£24.93A
T1 81.1145.39a 190.00+419. 068 110.56+4-10. 78A 130.56+16.66A
T2 146. 11410, 13A 222.78430.54B 225.56+12.60B 265.56+52. 30B

FRNEFHERERE SHBERF FRAKREFHERERXIKBEKE. TR,

Different small letters indicate significant differcnce at 5% level; Different capital letters indicate significant difference at 1% level. The same

below.

2.4 SNP #1 cPTIO 3} NaCl B8 T #IE 3% MDA &
BRI

ME 4 F03k 4 HRILUE 38 F To T1 A
T2 o3t MDA B E FA#E,EH=F
EAMIBEARR. H®E 12 h G5, To M T1 ALHEH
MRERSF MDA FEERAEE,TOM TL 5 T2
ML ZRREE (n=3,P<0.01), 8 24h 5,
TO 1 T1 M R4 MDA & ERANEE,T0 fl
Tl 5 T2 ML EZRBE (n=3,P<0.05), i@
ABh g, TOMTI M HL P MDA G EXERAE
FEZ,TOMTI S T2 MHLERMEE (n=3,P<
0.01);Bhht, T2 4b 3848 MDA & B & T 7.8 5
TO F1 T1 AL ¥RBLHAH L34 FHAGAK Y. Ehr i 72

70
65 A
60 A
55 A

%0 ~- 10
45 —- 11

- T2

SODSEME (U/gFW)
Activity of SOD

40
35

12 24 43 72
ALIEEHE Days after treatment (h)

Bl 3 SNP fii cPTIO ¥ NaCl 8 °F
I3+ SOD E MRy
Fig.3 Effect of SNP and ¢PTIO on the activity
of SOD under NaCl stress

% 3 SNP 1 cPTIO Xt NaCl B8 THIETIF SOD i 14 49 % i
Table 3 Effect of SNP and cPTIO on the activity of SOD under NaCl stress

KL PR Treament 12 h 24 h 48 h 72 h
TO 57.8592+4.10a 62.8055+2, 78a 51.2985+2. 81a 45,9556 £6. 404
T1 53.0171+3.49a 59.3612+5.05a 56.54944-4.95a 49,5953+2.99a
T2 56. 86993, 84a 59.6120+5. 69a 63.7415+2.83b 56, 068841, 5%a
012 BAUE_EFH, T1 Bt 4154 MDA & B &
o 010] ot B HORE TO AbF4L, T2 AU RAR. BhAT T2 &
$% 6l =D MY LT MDA & BBRAF LT BES
B A 34 o TR B AR/
gﬁsgé oo ] 2.5 SNP #1 cPTIO 3f NaCl Bh E FHIE R BEHE
53 E e FEEESROMME
0,00 ; ' . . ME S RS FATLLE S, # 8 12 h J§ TO
12 24 48 72 MTIMAFALAFT O;FBEEZRAEE,H To f1 Tl

LbIPEHE] Days after treatment (h)

B 4 SNP # cPTIO X NaCl 18T
IR MDA & B H 0
Fig.4 Effect of SNP and ¢PTIO on the content
of MDA under NaCl stress

hlg, =& A4k MDA B ERRBE (n=
3,P<C0.0D), JtAt T1 AL AT F 4814 MDA &

5 T2l O:FREFHEE (n=3,P<0.01),
B 24 hE.TOTILH T2 ZFH R O;58E
TR E(n=3,P<0,01), Tl AMARE,T2 &
PR B, $hM3E 48 h JE, TO M T1 ot B 44
O;5BFPBEBTH . HETRTHLA O EEER
B (n=3,P<0.05), Wi 48 h J§ T2 it ¥
O;#BRFELI. 5 TOME O:ERBERARE,
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30 %

% 4SNP # cPTIO X NaCl B8 T#IHE 3 MDA S BHI® M
Table 4 Effect of SNP and ¢PTIO on the content of MDA under NaCl stress

fbF4H Treament 12 h 24 h

48 h 72 h

TO 0.03544:0. 00522
T1 0.0313+0.0057a
T2 0.01004:0.0039A

0.0477+£0.0082a
0.048840.0118a
0.0161-£0.0037b

0.0734+£0. 0014A
0.105040. 00308
0.0238+0.0063C

0.059530.0083a
0.07134:0. 0020a
0.020640. 0033A

5TIMEERBE(n=3,P<0.05), 872 h
Ey2Tof T2 A O S REFAEE.HS
TIHHEREE (n=3,P<0.05), M&E,TLHE
HAEAF O;FEEREERT TOM T1 ok HEUR K
O &58&.

3 Wik

e THYEAFEEANRERERBE TN
FEREAZ—. BEFEKBL T, HOHABENTE
R EMERA T3S 4, A a0 F M. m
FEIRME T 25 RBEAEEAN L BENHR
AT T P4, &R T BRI S A BLAR 1L

60 1
[ —e—T0
E 50 —T1
< S -T2
E %5 40
N
j=s
W S 30
405
oy O
S T 20 A

10 A
12 24 48 72

QFRREHE) Days after treatment (h)

& 5 SNP Ft cPTIO %t NaCl 8 F
BRI OT& B AW
Fig.5 Effect of SNP and ¢cPTIO on the

content of O3 under NaCl stress

F 5 SNP 1 cPTIO 7t NaCl B3 THIE T OT & By
Table 5 Effect of SNP and cPTIO on the content of 173 under NaCl stress

Ab 2 Treament 12 h 24 h 48 h 72 h
TO 32,2441.87a 35.1141.95A 33.11+2.12a 31.5141.81a
Tl 39.04+3.95a 52.231+2.61B 48,5744, 30b 45,37+1.09b
T2 19.254+1.09A 19.3941.11C 27.714£5.32a 31.78+4.96a

T {8 40 MR 45+ Fn Th BB T 32 BUEAR (T BB K56, 2008)
M NOfEAE S0 T MY 5 B8 (Y nde
EYDPREEEZEM. NO W LB LY B
ETFHYEN ROS WA R, B &R 8 15 AR
R, AT BEY WE NS (KERE,
2005), Beligni % (2002) I BF 5T AN NO AT DL B #
ERFHEALRN, BE 444+ 5 ROS. Ruan
& (2002)#i8E,0. 1 A1 1 mmol/L NO #it{& SNP Af
VB EWEH 150 mmol/L #l 300 mmol/L NaCl 43
P E TR ANEN R SRS b — 25
BFSRUESE,NO "I LA B #1638 SOD,CAT i, X ™
FEGT LI BRELMME T /ANEE A O/ H,O, &Y
BIR . HIRF(2008) By BF 50 3R U138 2 IR ¥ BE SNP
AbFE AT L B 4R w5 A T KA A Ay SOD A
CAT E¥E, U B E M E A T 230 &b
Hith. EEHFFCODRTFREFING NO sE%
EHHME T HINM 5 8 ALY LB (SOD) %

HE EFLFER MDA R R, RInE # 8 B B9 R
MEMSEM LT, NHE NOES T H/K 5 K5
RS BETHMARFHVERTIELRE.
A4 4 % (2007) BF 55 % 51 SNP 4b 38 7 1, 88 NaCl
I8 THEMA B - MDA & B89 EF, BEet A
AR, %S SOD 1 POD 3% 3 jm ., E HA
SME NO 7T LR o 32 B ah 8 T Bt A AR
Mt ELEE T R E AL . BHREFECIODLUE
KYNE R BER M EHA R £ K K S B (JAA oxi-
dase, 1OD) F1 POD 245 ¥ 48 B 18 37 & ¥ & (auxin,
IAAY & B W CBEBE, 7T LUK TAA &1L 3 #%. SNP
4k F B8 .3 FRAROK S ¥ rk A AT AR R o IODL.POD 7%
e, B0 NO #3 BRIt TAA S04 MR % oF 22 1% 36 bhaa st
EXRGHEKRNME ., BRIBEHITA KB SNP
RERMEL AN AR AR B4, Bdh T
FEFIRSALAO AN [, SNP 19 A 80 5 18 4 P B AL
A . A
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LB RFH, AT To M T2 kA
POD EHHEIY EFAMEE, T2 434 POD IE
PER IR KT To &b ¥4, M cPTIO HiAb¥EAY T1
LI M BR, POD & AR B8 24h BRHEEE TS,
ZENBRETHE ToXER. X9 SNP S
ERBFERPETREINT A48+ POD 9%
. AT, TOT1 f1 T2 Ab3# 4 SOD FHEHE
BWSE TG TR E, TO f1 T1 43 4 SOD
TE PR {E B 2R B8 /S 24 h, 2 )5 SOD B KR
THe. T T2 AbHEH SOD % ¥ i {4 o B 35 b 38
J& 48h, ZJ& SOD & A fr T b, (B 183 /M F To
TS, EHERAHERET.T2 43#4H SOD
iR BB AYRTEI EE TO 0 T1 AL E R, X U
B SNP ¢ 8 %3258 SOD &4, WE = AbH 4 nt
F4HF MDA fi O & BB R, SNP 4L 3 Y
T2 0 8 MDA 1 O & B &K, <PTIO B
FEA T1 M 4H2 5 MDA 1 O; S BES , X
B SNP # & & PR 3h 18 THIAR AT A 48+ MDA
MO &R, M NO ¥ —EBKRF PTIO BE ¥ %
SNP & FAR% N . MREER L RITEF B, SNP
RER FREEE TR A EBAEE. WK
R E - F,SNP fBA M &M NaCl 3t #l5g 5+ 0 B
B 45 .

& LR, SNP REB ERE BB F AR P
WA A+ POD # SOD &, x — A J 19
HEEA P 1k ROS B9 R, By 1 SRS 1t EALTE AT,
A E XA ERN AT, FHEY AR EE K
HERRE., T cPTIO MMH TR FHAAT
X PR R RYTE M, B I T i R A4 ROS KIiE
B, BERR S E AL FEAR T SR ST A0 PR I .
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