TTIAN 23R ( Jiangsu J. of Agr. Sci. ) ,2015,31(2) ;253 ~259
http: //www. jsnyxb. com 253

FroFEEULER AR SN AR R R A SR A B G [ )] VTR 21, 2015,31(2) 1253-259.
doi:10.3969/]. issn. 1000-4440. 2015. 02. 005

MR —RULBRNMEEES R T SERAENMBRER

5& _;r_l’ _7%}%3};]2’ ]I'Z'J:\ /{ 3,4,5, é‘%}éjf—l“j, 2‘3%1,3,4,5

(1. BT R R A 8, VE98 FE AT 2100465 2. B AT KZFFREEERE VL0 FIAL 210023 ; 3. VLA AR BF = e £ i i
WA ST TR B 210014; 4. TR B RTRELE ST E -A L@ ERE S TR EEE A, T B
52100145 5. ARV FRAR = b B L AR R ER SRR S VLA R AL 210014)

WE: TR —E LA (NO) S 5IHEMEERERER (MC) i SR B P, LT 3E ( Brassica rapa) 1 Hi
SIARE BIFSE T AMNE NO XF MC e T 3 S4B AR AR NG PR 4( (ROS) SR AR Bt A0 % 1 S bt S8 Ak ) ot 5 1t
B2 M B n] B ISR . 5 5R BN . (1) AN NO AR 44 ( SNP) TRAL FEAR DS W 3 22 MC X5 34 i A K 1Y
PN 5 (2) SNP TALBRBENS B FAIK MC 1535 384T ROS M3t & 7= ; (3) SNP Fiab BERE RS 4 FS 4% MC X
HEALHE(SOD POD APX .CAT) HIFLEAL I T ( AsA Fl GSH) FU15- SN, X 2645 B0 AME NO RENS 8 45 5
PEVREE MC 538 32401 00 AL SO, #E 1T 22 A% MC X R Y 2 T 000

KR R MEREER,; AbhE; A

FESES. S634.3 XERFRIEAD . A XEHS: 10004440(2015)02-0253-07

Alleviation of microcystin-induced oxidative stress by exogenous nitric ox-
ide in Brassica rapa

YIN Gan', LI Hui-ming®, CHEN Jian>*’, XUE Yan-feng’**, SHI Zhi-qi'"**”

(1. College of Life Sciences, Nanjing Normal University, Nanjing 210046, China; 2. School of the Environment, Nanjing University, Nanjing 210023,
China; 3. Institute of Food Quality Safety and Detection, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 4. Key Lab of Food Quality
and Safety of Jiangsu Province-State Key Laboratory Breeding Base, Nanjing 210014, China; 5. Key Laboratory of Control Technology and Standard for
Agro-product Safety and Quality, Ministry of Agriculture, Nanjing 210014, China)

Abstract: To study the mechanism underlying nitric oxide (NO) involvement in the regulation of microcystin ( MC)
induced plant damage, the effects of exogenous NO on the growth of Brassica rapa seedlings, exposed to MC accumulation of
reactive oxygen species (ROS), activity of several important anti-oxidative enzymes and content of antioxidant substances
were measured under MC stress. The pre-treatment with NO donor SNP could significantly attenuate MC-induced growth stunt
in B. rapa seedlings and reduce over-accumulation of reactive oxygen species (ROS). Pre-treatment with SNP could differen-

tially regulate the increases in the activities of anti-oxidative enzymes (SOD, POD, APX and CAT) , and the content of anti-

oxidants ( AsA and GSH) in B. rapa. In conclusion,
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exogenous NO could alleviate MC-induced injury by

classified regulation of oxidative stress in B. rapa.
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L T & A BROR AT 20 I IR B R 2 —
¥ 8% 5 B & ( Microcystin, MC) J& HH 7K 42 i ¥ 43 W
—RZ KR, HAPr MC-LR 1F 2y —F T
FRER , KA KM i e Az
A R & A WK AR Y K AR A K
AT LUE MC R BRAEY . B IEYE R Y]
MG JHir38 mT 400 ) 5% 50 AR B AR 55 2 Rl R VE DI 1Y
AT A MC X AR A 1 B S AL R A 5 AR X
5o MORHEFE S A Wos , MC B 38 AT i S ) R
N P % ( Reactive oxygen species, ROS) A9 i &
S T R AR A0 . MC S
ROS ZRBAIE N fil K A5 5 | ik — 20 S B W) 1R N
PUEALEE S PE LT, nid AL g (POD) A
e ¥y B Ak g (SOD) | Bt 3K il IR 3 4R fk W) il
(APX) i AL S (CAT) %1101 AR IR AR
ZWIHTE LUESE MC Al 75 A W) 7 AR A A 30
I, AEURH DG A 15 5 1 458 LB 16 A B A

— 48 A & ( Nitric oxide, NO) &8 ¥ 14 N i) —
FOCHEAR 5 o> 1o TE&MEY a5 3R 4 Y
BT NO BB 2 5 W A Y 2 Fh B A N
A A ARl i i % 40 ( Sodium nitro-
prusside, SNP) $2 it S I NO, 7T 22 i 2 b 25 55 iy
HEET (W EaE LT R R B MR
B3 VT FRATT Y IR 5T 45 2R R, AR NO
i SNP 4b B RE 98 W & 2% i MC X K R A2 K Y
MHERT S (0 NO @ ] Bl ik 2 S 5 iR MC
U5 (A ) I 38 S 07 1 TEAH DG HiR . 53 A, FRAT
MRT IR ST 25 SRR K B, MC AT Z MR IEY
(3 s, B =k A AR A AL a0
W O T B NO 2 5iH#E MC S
FLYI 507 B9 TRANLBE , A WF 54U LR 5% i SR A 1
HEAM R, T ANE NO 2 7 IF B AR 2 MC
B AR Y A AR e RO, DU MC i B9 A
Yy 5 BRSO VAl 44 B 22 BRI LAl

1 MRS Ik

1.1 ##

I B N T 2% ( Brassica rapa) ( LR 4E DL 1
) s TE I H b EREE ST B s DUK AR A Y
FEHT, 20 CYe e 1 ; BERE R bpife i MC-LR 1 F
Sigma-Aldrich i

1.2 HEYHEHERESLE

FHEMTH 1% NaClO 7% 10 min, SR J5 FHZE
7K PR, FH W K 4R W 7K 43 e, Pk 34— 1 i
MR B T 3 2R IEIE A0 5 55 L ( 5 AR 15
em) H1 BRI 100 %7, %8 3 NEE , LA E 12
h/d, i EE(25+1) C. KRG 3 d, PhikAEK R
ML R A BT 35 SR L, AR N 50 RRAE by il 56 44
Bl A 4 A0 H, (1) 22K R (2) MC
(4 mg/L)AbFE 3 d; (3)SNP(0.4 mmol/L) Tk ¥
1 d, k)5 I A MC (4 mg/L) FEALHE 3 d; (4) SNP
(0.4 mmol/L) FALER 1 d, SR )5 N A Z& 18 /K AL B
3d, AEFREEHS  HUE S0 1 L AT A DG
A A AR BRI E .
1.3 MERSENHE

Z M Chen %) 107 2 T 38 4 v 4R BUGEE 35
F, RELO0.2 ¢ TR T 12 ml 80% HEEH R
PR EBE AN AE 1 h, B0 2 U03E (12 000 r/min,
12 min, 4 C) ; B35 WOE 5% 75 1 2 W B, 0 pH
2 ~4 FFEORBRARREAN, 0.2 mm JEE,
P pH £ 7.05121 C K E 15 min, HZEIEKE
HES ml, HEHFFEMEEWL Sep-Pak C 41, H
LC/MS ¥l %€ MC-LR fil MC-RR Y & &, W&
B AN AR HP1200 , Jii 3% 6410 ( Triple Quad)
2R A8, T M 4 B B R OM P2 W MC-LR
W~ 10 mg/L,
1.4 MEFHZE
1.4.1 REACERE N E IR WA B R 5%
M (50. 0 mmol/L,pH 7.0) , HirF &4 1. 0 mmol/L
EDTA 1 1% Al %% PVPP, FRELO. 1 ¢ 4N b
EBEEAE, A 1.5 ml TS ) EREE vl iR FE 4 F
10 000 r/min,4 °C &0 20 min, B 1 716
PRI s, LU BTG R I GE 2 B Zhou 451 AN
Chen 45> $AIL A BAK T 15

SOD B 75 NBT Sid J5 sz by i i il 26w
3 ml AR R TS  BERZE MR (50. 0 mmol/L, pH
7.8),13.0 mmol/L# & iR, 2 pmol/L % ¥ %, 75
pwmol/L NBT,0. 1 mmol/L EDTA,30 pl B, HOG
ST R [ i 30 min 5, % 560 nm ZbWZYGME, 1 4
SOD T TEYE A E O RERE I ] 50% NBT Y6l Ji
JVE il

CAT W& H,0, R RoR . 50 wl i
WINAEIEA 0. 1% i EAL M BERRZE vpih (50
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mmol/L,pH 7.0) #4G S b, 37 Bl iE 5% 240 nm WOt
M AEAL, LTS G 2 %00, 036 mmol/ (L - em) 5
TEPE. 1A CAT W& PE A SR AEM 8 2R 1
min 73 1 wmol H, O, FIrs A

POD TP I 2 2R A AR W3 v o S I A 3
£345 . 50 mmol/L MR #H 22 v (pH 6. 1),1%
H,0,,1% AR AT 10 wl BER, iC5% 420 nm WG
H AR 4L, LA G R 8L 26. 6 mmol/ (L « em) H8- i
TEPE, 1A POD 3G 57 52 SO FE I SE 25 1
min HELAE L 1 wmol 724 B A Bl

APX TR PEFRHCOIE T H, O, B e 4 40 I I 792 7
FERUARFRIR . AR R4S .50 mmol/ LEFIREHZE v
# (pH7.0),0.5 mmol/LPLIK M AR, 0. 1 mmol/L
H,0,,10 wl B, ¢ 5% 290 nm WG A1, LATH
FEEH 2.8 mmol/ (L - em) TFAEFEFHE M, 1 A4
POD & PR E SR FEE Z57F T 1 min 446
FE 1 pmol I T 75 B

il B 1 0T £ DU E SR Bradford 771 (5
s G250 Yefayk) | LA L A 8 AR A br i
EA,
1.4.2 POD #= SOD B TEg &M vk AHY)[E T/
THPER K S I8 Zhou %6 A5 1, FREUT 3401 H
E# 0.1 g, A 3 ml Fil ¥ Tris-HCL (50.0
mmol/L, pH6. 8) 2zt ¥, VK 1A B 5 Bl K, 10 000
r/min,4 °C &L 20 min, B IEWAE LUK DA,
R FHAS JE S B AR e IV e HR VK (PAGE) TE 4 CF
PEAT 5% He 4R IS L 80V, 10% 43 BS IS LK 120V,
HLVKSE G , # BT 647 [R) TG P Y 5, POD
(7] T it R FHIDR R e e e 3 | 85 I TS A % £ 3R (2% 1R
Mz 10 ml PLIR ML AR 35.2 mg.0. 6% it EAL A 10
ml, KB FIK 30 ml) B A5, 258 K IEEvE 2 ~
3K, EEIEHAIR, SOD 6] T >R F NBT 4 (a ik,
PRI TN Y 8 W (50.0 mmol/L W R £h 2% vh Wk
pH7. 8.0. 028 mol/L PUH 32— 22. 8 wmol/LI%
W) FREIR I 20 min, SRIFRBEE A S EDTA
(0.1 mol/L) #4222 vk (pH7. 8.,50. 0 mmol/L)
Hot B, LB FRKIEDE 2 ~3 &, W4
"7
1.4.3 IR MBR(AsA) Ao AR (GSH) A&l
% BIESBIE Chen P A B, FRELO. 1 g MR
BERE A1 ml T8 1Y 5% TRBERR VKIS FES , 10 000
r/min5.0> 10 min; 0. 5 ml 5,20 000 g, 4 C

B0 15 min, B EE RN E .

A AsA SN E VAR R AL HE 10,30 ml AH YY)
PO 0. 75 ml B2 2% th W (150.0 mmol/L, pH
7.4, 5 mmol/L EDTA ), 0.50 ml DTT ( 10.0
mmol/L) , JRAIEZEEAE 10 min, SRJGHKIKIMA
0.60 ml 10% =5 L (TCA) ,0. 60 ml 44% 1FHERR
0.60 ml 4% o, o -BRMLEE (T 70% WKE ) |25
ul 10% FeCl,, Fu43iR2),40 CIKE A 40 min
J& M 525 nm WOGAE, [FIBHH 0 ~ 100 wmol/ L3t
Bl NG AsA BRifEITZRITFRE S AsA &,

GSH F s %E /Y 3 ml S AR R ALFE .1 ml AHY)
PEHUM 0.2 mmol/L NADPH % FR 2% WP ¥ (0.5
mol/L,pH 7.5) .5.0 mmol/L. EDTA 0. 6 mmol/L .
BRAC KU FE A R ( DTNB) L DL & 3 S B &5 et
JIE BB (GR) . A 0. 1 ml B4 F 3k W AR SR 4G
FNE, 1855 412 nm WOGAE 1 ming 2R A RVRE 5 48
0 ~50 wmol/ L N i) GSH Fx vfE h £& 5k 15k &
B AsA T E
1.4.4 REWREA(ROS) & Zaxkdbnl MYk
N ROS K5l 2 I8 Foreman %512 AL TSGR s |
W75 SR LN T M 1 2R AR K Ve IS AR B A 1
pmol/ L [ 1§ 5 P ¢ Y6 ¥ 51 DCFH-DA 1 %6 4% 20
min , FHZE 1R K k¥ 5 722G L+ B U85 ( ECLIPSE,
TE2000-S, Nikon) T LA 488 nm Jyif & #% K ,525 nm
R SHEARWEE FR, lRa aOR R R ER
7 ROS AT & £
1.5 $itFA&E

RN 25 R A 3 WCE & 1 - 4 e b o 22
FR HABEAE AT R R Ty 225387 (ANOVA)

2 4 R

2.1 5ME SNP AMEX MC #4153 4h 8 £ KB 28
PR L

%A, & 4 mg/L MC-LR i MC # E 4%
/P UL T RN R ) Nl A e S T i 7 3 F |
Ak ;2R 0. 4 mmol/L SNP i &b ¥ + MC 4b 3
Ja , E R AR K B B MC A B (I
1) o MC &b 35 (75 52 4 v Bk = R I o 3 531 Lb
TR FE T 48.1% M1 55.9% ; 5 B ph MC &b 33 AH
Fb , SNP Tl b B+ MC A B A4k =5 A0 o 40 J31) 44
T 26.2% M1 26.9% , 1% 625 F 0, 2 4 4
U5 NO BEMS 0 R MC X 32 4 1 A2 K A 3 61
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Fig.1 The effect of sodium nitroprusside (SNP) on the growth of B. rapa seedlings under microcystin (MC) stress
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FIARXT S BN T 57. 5% ;15 MC Bl A FEAH L
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Fig.2 The effect of SNP on reactive oxygen species ( ROS)

content in B. rapa seedlings under MC stress
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Fig.3 The effect of SNP on the activity of anti-oxidative enzymes in B. rapa seedlings under MC stress
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Fig.4 The effect of SNP on the isoenzyme activities of POD and SOD in B. rapa seedlings under MC stress
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TEp S AL SR 3 Fh R EPLE LB, NO
Z 5 2 f B POD 1 APX, 5 RE4E1
Yin 4T KB, ISR A B ARR Y POD
T PERAE MC AL FES [E] ) ZE KR8k BT CAT R
FEE FIF, X UILE MC NA S-S A4 & ROS
A& T, CAT W REIF T S AL AU 22 T AR
XA T AEARBEFE M T AME NO RS 5 iHE
CAT Wy rl el A,

FEAWFZE Y, SRR NO RE98 IR 4% i e B Ak i ot
HA GSH, 1idE AsA, ABFFEEREN] . MC Pria &
7 ,GSH Br T R #EHUEALAE R LLAN, iR AR B 1E
WY R S MC 854, NTFEAE MC B4
Yrap kR AR AN NO RERS I 3 AR MC )
BT R EKE GSH, BEWIAME NO R T g8 38 ik
AR ROS, HETTIE 0 %t GSH S, i M A 7] fiE
T T AN D X MG, DT R B TR
AR GSH I8 . 45Kk, SR NO J&
T (ERETR RN MC R IGR 55 i — B SY

SE 3k

(1] B AOBA, VP dE , 45, WEBE H AR R PEDF IR [T ] Y98
R4 ,2013,29(2) :312-318.

[2] # J. WK Probit FLIITIAIAL[ J]. TLIR R Bl
2014,42(1) :337-342.

[3] CAMPOS A , VASCONCELO V. Molecular mechanisms of micro-
cystin toxicity in animal cells[ J]. International Journal of Molecu-
lar Sciences, 2010, 11.268-287.

[4] PEUTHERT A, PFLUGMACHER S. Influence of the cyanotoxin
microcystin-LR on tocopherol in Alfalfa seedlings ( Medicago sati-
va) [J]. Toxicon, 2010, 56:411417.

[5] CHEN]J, HAN F X, WANG F, et al. Accumulation and phyto-

toxicity of microeystin-LR in rice ( Oryza sativa) [J]. Ecotoxicol-

[10]

[11]

[12]

[13]

[14]

ogy and Environmental Safety, 2012, 76:193-199.

M-HAMVAS M, MATHE C, VASAS G, et al. Cylindrospermop-
sin and microcystin-LR alter the growth, development and peroxi-
dase enzyme activity of white mustard ( Sinapis alba L. ) seed-
lings, a comparative analysis [ J]. Acta Biologica Hungarica,
2011, 61:3548.

WANG Z, XIAO B, SONG L, et al. Effects of microcystin-LR,
linear alkylbenzene sulfonate and their mixture on lettuce ( Lactuca
sativa L. ) seeds and seedlings[ J]. Ecotoxicology, 2010, 20
803-814.

CHEN J, DAI J, ZHANG H, et al. Bioaccumulation of microcys-
tin and its oxidative stress in the apple ( Malus pumila) [J]. Eco-
toxicology, 2010, 19:796-803.

PEUTHERT A, CHAKRABARTI S, PFLUGMACHER S. Uptake
of microcystins-LR and -LF ( cyanobacterial toxins) in seedlings of
several important agricultural plant species and the correlation with
cellular damage (lipid peroxidation) [J]. Environmental Toxicol-
ogy, 2007, 22.436442.

PFLUGMACHER S, HOFMANN J, HUBNER B. Effects on growth
and physiological parameters in wheat ( Triticum aestivum L. ) grown
in soil and irrigated with cyanobacterial toxin contaminated water[ J ].
Environmental Toxicology and Chemistry, 2007, 26:2710-2716.
PRIETO A, CAMPOS A, CAMEAN A, et al. Effects on growth
and oxidative stress status of rice plants ( Oryza sativa) exposed to
two extracts of toxin-producing cyanobacteria ( Aphanizomenon
ovalisporum and Microcystis aeruginosa) [ J]. Ecotoxicology and
Environmental Safety, 2011, 74.1973-1980.

JIANG J, GU X, SONG R, et al. Microcystin-LR induced oxida-
tive stress and ultrastructural alterations in mesophyll cells of sub-
merged macrophyte Vallisneria natans (Lour. ) Hara[ J]. Journal
of Hazardous Materials, 2011, 190.188-196.

MUR L A J, MANDON J, PERSIJN S, et al. Nitric oxide in
plants: an assessment of the current state of knowledge[ J]. AoB
PLANTS, 2013, 5. 52.

TIAN Q Y, SUN D H, ZHAO G M, et al. Inhibition of nitric ox-

ide synthase (NOS) underlies aluminum-induced inhibition of root



Tt TR MR AR AR R SR A A i 2

259

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

elongation in Hibiscus moscheutos [ J].
174.322-331.
LIU Y, WU R, WAN Q, et al. Glucose-6-phosphate dehydrogen-

New Phytologist, 2007,

ase plays a pivotal role in nitric oxide-involved defense against oxi-
dative stress under salt stress in red kidney bean roots[ J]. Plant
and Cell Physiology, 2007, 48(3) :511-522.

NASIBI F, YAGHOOBI M M, KALANTARI K M. Effect of exog-
enous arginine on alleviation of oxidative damage in tomato plant
underwater stress[ J]. Journal of Plant Interactions, 2011, 6(4) .
291-296.

ZHAO M G, CHEN L, ZHANG L L, et al. Nitric reductase-de-
pendent nitric oxide production is involved in cold acclimation and
freezing tolerance in Arabidopsis [ J |. Plant Physiology, 2009,
151.755-767.

CHEN J, HAN F X, WANG F, et al. Accumulation and phyto-
toxicity of microcystin-LR in rice ( Oryza sativa) [J]. Ecotoxicol-
ogy and Environmental Safety, 2012, 76:193-199.
ZREWEEE D AR, AR, BREEFNE SRR AL K AR
YR NI R T]. TR, 2009, 25(3) :680-684.
Yy REEEIEE AR AR BT R MR A i A R bt
FACBEGERY R [T]. PRI AE A, 2009, 29(6) : 1207-
1213.

BRIEE ZEERWY L 5 BB, SF. BREEMRTER (MC-RR) XFH =t
FF B R Mgt A B R SE  [J ] B2, 2009, 18
(6):180-185.

CHEN J, HU L B, ZHOU W, et al. Degradation of microcystin-
LR and RR by a Stenotrophomonas sp. strain EMS isolated from
Lake Taihu, China[ J]. International Journal of Molecular Sci-
ences, 2010, 11:896-911.

ZHOU Z S, HUANG S Q, GUO K, et al. Metabolic adaptations to

[24]

[25]

[27]

[28]

[30]

[31]

mercury-induced oxidative stress in roots of Medicago sativa L.
[J]. Journal of Inorganic Biochemistry, 2007, 101:1-9.

CHEN J, SHIYAB S, HAN F X, et al. Bioaccumulation and
physiological effects of mercury in Preris vittata and Nephrolepis ex-
altata[ J]. Ecotoxicology, 2009, 18:110-121.

BRADFORD M M. A rapid and sensitive method for the quantita-
tion of microgram quantities of protein utilizing the principle of pro-
tein-dye binding [ J ]. Analytical Biochemistry, 1976, 72.248-
254.

FOREMAN J, DEMIDCHIK V, BOTHWELL J H, et al. Reactive
oxygen species produced by NADPH oxidase regulate plant cell
growth[ J]. Nature, 2003, 422.442-446.

APEL K, HIRT H. Reactive oxygen species: metabolism, oxida-
tive stress, and signal transduction[ J]. Annual Review of Plant
Biology, 2004, 55:73-399.

SUZUKI N, MILLER G, MORALES J, et al. Respiratory burst
oxidases: the engines of ROS signaling[ J]. Current Opinion in
Plant Biology, 2011, 14:691-699.

YUN B W, FEECHAN A, YIN M, et al. S-nitrosylation of NAD-
PH oxidase regulates cell death in plant immunity [ J]. Nature,
2011, 478:264-268.

YIN L, HUANG J, HUANG W, et al. Microcystin-RR-induced
accumulation of reactive oxygen species and alteration of antioxi-
dant systems in tobacco BY-2 cells[ J]. Toxicon, 2005, 46:507-
512.

PLUGMACHER S, WIEGAND C, OBEREMM A, et al. Identifi-
cation of an enzymatically formed glutathione conjugate of the cya-
nobacterial hepatotoxin microcystin-LR ; the first step of detoxica-

tion[ J]. BBA-GEN Subjects, 1998, 1425.527-533.

(FoAE% 5 IR E AR )



