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mg- L)AL, it 45 MR AP H Pt A A B 7 (0: - )& 7 55500 FEUME LU B A/ ), Tt 5 1k 2 A 46 75 T P U B4 R 0 5 T 4%
PR BRI B R SR BTN MR (AsA) R RIS BEH K (GSH) S B B & TX I (P<0.05), T4 75 i i1 , 22 A 5 3%
(P>0.05) ; Tirf 4% M58 BB T WA AT B P IR EPTIR AR (DHA ) AL B B H AR (GSSG) & & 43 B2 X Y 1.87.1.72 £%, R F s it
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Effects of Chromium Stress on the Content of Phytochelatins and the Activities of Key Enzymes of Ascorbate—

glutathione Cycle in Brassica chinensis L.

QI Jun?, LU Jin—yin®, LI Ying—xiang!, WANG Shuai?, YE Qing—fu’

(1.College of Science, Northwest A&F University, Yangling 712100, China; 2.College of Life Science, Northwest A&F University, Yangling

712100, China; 3.Institute of Nuclear—Agricultural Science, Zhejiang University, Hangzhou 310029, China)

Abstract: The content of phytochelatins and the activities of key enzymes of Ascorbate—glutathione cycle in varieties of Aikangqing and Lvx—

iu were studied with different concentrations of Cr**. The results showed that the contents of phytochelatins and antioxidant increased with the

increase of Cr** concentration in both varieties.Under high concentration of Cr*(250 mg-L™), Oz * contents in leaves of cabbages were signifi—
cantly increased (P<0.05), and the increased amount of Aikangqing was lower than that of Lvxiu. AsA and GSH contents in leaves of

Aikangqing were significantly increased compared to control (P<0.05), while those of in Lvxiu were not significantly increased (P>0.05).

DHA and GSSG contents in Aikangqing were 1.87 and 1.72 times as much as control and those were 1.98 and 1.94 times as much as control

in Lvxiu, respectively. The activities of key enzymes in AsA—GSH increased with the increase of Cr** concentration. The content of phy—

tochelatins (PCs ),the activity of ascorbte peroxidase (APX), and dehydrateasorbate reductase (DHAR) in Aikangqing were 30.9%, 38.9%,

45.2% higher than control under the concentration of 250 mg-L™" Cr’* treatment, respectively, while those in Lvxiu were 11.5%, 30.5%,

43.0% higher than control, respectively. In conclusion, Aikangqging had a higher activities of key enzymes of AsA-GSH and phytochelatins

under Cr* stress, which attribute to its higher Cr** tolerance. Our results showed that there were chromium-resistance differences between va—
rieties of cabbages, this provides the theoretical guidance and technical support for people had the choice of low accumulation cabbages vari—
eties.

Keywords: Brassica chinensis L.; chromium; phytochelatins; ascorbate; glutathione
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HERRYSHAEZRENITRYZ—",
EREERAR R RSE R B Tk AL SRR AR, LA F
WA A OB FRE RS G IR . =k R 5%
AU BRI 7 i (7= R A5, T BL#EA 'Y
e E R 45 N\ R RN R, F3
(Brassica chinensis L) XFr/DEE, B EH ) 2 fiE
() EZEER SR A, HER T SEEINT 38 AR [F] B R ALK
H3EFA &4 Cd f1 Pb FEEZFHTHAREIR, A
[F) B R 2 P AN [RI 2R 42 B R IBORR RAEE B 5 2
5o BRSO T BENE T AR SRS R AT A
B 122 57 o XS X B A 97 R B, TR A8 T 3R
WA AsA .DHA .GSH.GSSG & & . % & T X # .
Macarena Mellado ZF8HF 553501 , Bl 25 4 b BB [B] 49 2
£, AZERN AsA DHA & & 2538 s GG,
T GSH.GSSG & &Mk A B2, 7E NaCl fHE T,
RERYEM i B0, S EV B R, APX DHAR,
GR T&E M W2 & XY, SLBE AT Mk
BT A A 5T DR R BT 3 I , B ) BB Bt
2 HO0, FHAEYR. BilAXESREFEY
EHCGER L, T8 B3 hAEBEY) B & R PR
BR-F B H BRIEE A FRAL R B A H0E . APFRE P
FION FIS& Tt B SR, W A TRV BE AR AL P T 3
MR EY %S RS E N AsA-GSH JEH Ak
Y & B 5 RS M A, B R IR 4% 1 7 24k
SEFET B A BRI NG, B TE B SR TT F AR EE K
BRARTR R M AP A BRI

1 #BREFZ

1.1 #48

HEFIXT Crit 52 1 22 RECR BB N5 38 i P i
PrHEMEFE, HhBEPEN CoR, BBl
B HBEABRREFE R O, R FEHFHEES
E PR AR A,
1.2 $84b3E

PRI — BUM PR 3R ¥, 0.1%HgCl,
RIETHFE 10 min, KEFKPES , BREERZH(E
OHAZ 168 cm JEEHHZ 92 em 5 11.1 em), B4
30 KiFp¥, ANEA 1.5 kg it 30 BT RER,
FRB—EhEuEaR, DMEHK. M RIFRFETd
JETAIH , B4 15 bR & HIVEHE Hoagland BFRW, LUK
FIKGFFFRGY . AR 30d R BB EREA 12
Hoagland B FRR IR H , B8 7 d JF 7R 0.
50,150,250 mg L™ 4 Fk B Cr**( CrCl;- 6H,0 ) AL

O EMOEES 3K, REAEEE 250 mg-L7 &
P % 3 PR o A v P /K b R 9 = bR M (GB
15618—1995)#fisE . Ab¥E 5d J5R4:, A FARKAA
FHIRFRAIIE o B MR A IR R E AT, B/IR
15 B (25+3/21+3)°C, Y615 (14/10)h, J£ 38 150 wmol -
m2es7,
1.3 AZE(MDA) REBREF(0: - ) FENE

SREEHE FRRER R,
1.4 E&A M SH.GSH.PCs S EME™

PRV SH MBS Bl E . FR 0.5 g H3EAT
A 5 mL 0.02 mol-L' EDTA,4 CFHFEE, K 1.5
mL 5% 5 10%TCA 14,12 000xg B5.0> 10 min, |
THW TR SH & 8&ME . I 2 mL FIiEWS 0.4
mol + L™ Tris 2% ¥ (pHS8.9 ) #11 0.1 mL 0.01 mol - L~
DTNB {E4,412 nm b8, GSH & &llE S ER K
FMEM, PCs RN SH S ES GSH 5 &
RIZE. A ENESTE 4 CHHEAE,
1.5 AsA .DHA.GSH.GSSG & £ & APX.DHAR .GR
Bl M E

IERIZ B H K AsA . DHA GSSG & &l E 21
BESEF LM, APX DHAR GR BEHE M E S M8
Ma 09075 B B o, B 0.5 g A, il 4 mL Fivd
A9 50 mmol « L' B B2 2% i & [pH7.0, & 1 mmol - L™
EDTA 1% Z, 4% i % 4B (PVP) .0.25% TritonX—100]
BFEE ,4 °CTF 8 000 remin™ B5.0> 20 min, b 353 B G
o
1.6 #iELE

& HI SPSS17.0 Bk f4-3#:47 77 22 43t A1 LSD K,
BAEE R 3 WER B P EAREETIR

2 GRESH

2.1 RERE CrabExtE R MDA REEETF(0;-)
EENRIT

MDA J& [ B AE Y FE S 35T T 4 i A AL 2
FEREZARHR, AP IRV B Cr(50 mg-L7) 4k
R, A B MDA S B 5L EZF AL
E(P>0.05), H EERE Cr*(150.250 mg- L)AL
MDA & & B E T (P<0.05), Mk F Crb# &bt
H. &FHH A MDA & &4 72X A 2.91.3.58 1%
(1), Cr4b 3T, it e B8 1R DT H MDA
SR BTN, R YRR o S AR B AR XL
%, S ria X HA ERRE BN

FEYITESEE T S E A8 R, RA 40
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Figure 1 Effect of Cr** stress on the content of MDA in leaves of

two varieties of Brassica chinensis L.
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Figure 2 Effect of Cr** stress on the content of O3 + in leaves of

two varieties of Brassica chinensis L.

MRERR 1 AL, MR S AT R BT 2 TLLR
H,REE Crab By R, B A B 7 (0 )T &
BEWIN(P<0.05), LHAER W E Cr(250 mg-L )4k
BT IEGLRE ST P AR T (0 ) &2 AN
HRH 1.57 F5F0 1.66 1 o A RIS AL BT , gk 22

LT 0; - T EMNEE, RPSEE Cr(250
mg- L™ )Ab BN T 3 A 40 M RERE i A Ak

2.2 RERE Cr4biEx &3 SH.GSH . PCs S BRI
i)

PCs RIEYMHRNEERELBIES FrAm—%k£
KM ESEEFHEARIBRE, AELBHRE
sSSP A EEREEAT. R 1 B8, FE it
HWREMTE, B30 R PRV % SH.GSH. PCs
BEEF GRS EPWEE G (150 mg-L7)Ab 3
TRBIREKE, EREKE Cri(250 mg- L)AL T 4%
YL E R ¥ % SH.GSH.PCs 4 B bk % A& 38 i 17
31.8%.33.3%.30.9%, T i 11 55 22 I 4% 55 3 531 L Xk B
HINY 18.4%.15.4% 11.5%(F 1), BA4H T ERH
R BB IEBRIE AR R & &, FTRE 5L
HHA B I E RE 1A K,

2.3 RERE Cr B3B3 AsA DHA £ E K AsA/
DHA Lb{EHIF NG

R RIPUIR LR (AsA ) A 4 7 9 B 22 A JE il
PUEALH, R LA A 32 A R AR R % v )08,
HE 3ABALIEH, AREE Crbd T Mg
AR B AL TR BE A3 0, AsA \DHA & B 23
FFEPUREE Cr(150 mg- LA kB & & E. =
W Cr+(250 mg-L7)AbERF , i 4% 44 58 1) 5 Fp R BT
HAH AsA SR S XA LGN T 29.4%, i 4%
HERRFHINT 25.1%, ZEHiHEMNF+ DHA &
HoXF BRI T 87% M T4 75 (98% )

AsA/DHA H (B Bpodp i iR B AL ik R A . 76
i 3 Rk E Co b BT, SX BRAR LE , it 4 1
SRAEDTH AsA/DHA HU(E T BEIEER /N (B 30),
435K 18.3%.26.6%.30.7% , T it 4k 25 1 44 75 T %
TEREES A, 43510 30.1%.30.6%.36.8% ., FHIRFEH
AT EPUE PR R BT R A B i & B AR
B UEILRE R

® 1 RERE Cr4bE3t H3EA Y SH.GSH #1 PCs & EHR M (nmol - g™ FW)
Table 1 Effect of Cr** stress on the content of acid soluble SH, GSH and PCs of Brassica chinensis L.(nmol - gFW )

Y /mg - L FRvAME SH GSH PCs
Cr concentration 4%}y 3 Aikangging %75 Lvxiu JEPLTE Aikangqing %%75 Lvxiu $&PiFE Aikangqing %435 Lvxiu
0 54.7+5.2d 61.8+1.3¢ 24.3+1.4d 27.9+2.2¢ 30.4+1.2d 33.9+0.9¢

50 91.7+3.9b 85.6+6.3b 37.3+£1.8b 36.4+0.7b 54.4+2.1b 49.3+5.6b

150 123.3+4.3a 117.4+8.1a 48.7+1.0a 46.9+2.1a 74.6+5.2a 70.5+£10.2a

250 72.1£2.9¢ 73.2+6.2¢ 32.3+2.1¢ 32.2+2.0c 39.8+0.8¢ 37.8+1.0¢c

: FIFIERAR A R R TRk oR 22 58 B3 1 (LSD #%, P=0.05),

Values with different letter in the same column indicate a significant difference at P=0.05 level according to LSD test.
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O e 8 . GSH/GSSG H {4748 B H kL H B TR, Bt
37 Egs b 0 & By R R TS o 6 4C R, BWRRE O
;E s . (250 mg- L) ALBE T, S0 7 GSH/GSSG Ho A Hoxt
‘R BFET 23.3%, 455 Xt B TR T 40.8% . 8
@ § 1:7_ Crab T, BYLHE 4gHr 78R R R4 BEH K
§ Ll (GSH) X & &, B A LB A BEH AL (GSSG)
07} XA R &, SRR T AEXTECR 9 GSH/GSSG LA,
0.2 - e T 2.5 AERE CraeE3t &3 APX . DHAR \GR &
Cr b TRV B fmg - L Eap=Aln|
Cr" concentration APX.DHAR.GR JZHLIR I R4 Ik H BRAB A 1R 35
35r
O&pE B < c 60~
o 30r Bas b . Oy A .
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Figure 3 Effect of Cr** stress on the content of AsA,DHA and AsA/ 1.8 ¢
DHA ratio in leaves of two varieties of Brassica chinensis L. 161
@ g 14}
o <
24 RERE Cr 4135 3 GSH.CSSC S B R o o M2y
2 4 1.0}
GSH/GSSG L BRI NE S = ost X
N > n -
A B KR AR Y A N B BT AR F A Lk &S g-j 5%
AR I 4 A-B WAL % CoRbBEvR B A 02}
BN, IR SR P GSH.GSSG SR 2 s s 10 20

R Fa B ZE R E Cr(150 mg- L) AbFEE A B R
B mEE Cr(250 mg-L)AFE T B HTH H GSH &%
B 5 BRAH SN T 33.3% , T 325 A 44 75 18
T 15.4%,GSSG & B i 4 5% A BT LT BE3E m T
72% AL F 2 2% 75 (94%) o

CrRb Bk BF /mg - L
Cr* concentration
B 4 AERE COobEERMH GSH.GSSC S8R
GSH/GSSG LL{EARIR M
Figure 4 Effects of Cr* stress on contents of GSH, GSSG and GSH/
GSSG ratio in leaves of two varieties of Brassica chinensis L.
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rhE R, B A RUERR H0,™, B 5 2E 7R
B, BEE Crab sk BE R38N, Bt & fsk 5 APX,
DHAR.GR iE 2 R, HUE Crv(150
mg- L), BHiE F4k 75 APX Fil DHAR &1
RBEEE, BKE Cri (250 mg- L) EHHF
APy APX F1 DHAR 1544351 Hb X R3S In T 38.9% .
24.9%, TH&%F5 X RIEIN T 26.2%.19.8% (&l 5. &
6), B/ TEYLHRA RS WBHEEFERR ROS 1
RBS o TEFRMREE Cr(150 mg- L)ALERT , JR0H Flss
75 GRIGMEAT FIRXT B 2.32 570 1.75 /%, =WRE
Cr*(250 mg-L™")b3E T, P H &5 P GR IEHE L
TR RET 16.6%F0 33.5% (& 7). FRALEHIEXE
PHEF CR EHMBESEER TES

3 3ig

oG TR E B I AL A R RO S A B A
W, RWREHEMET , XIT 3B KA
WHERI, B A A IE A HERRIR N (I

X ELH
[ 5F

APX activity
N T I S - N -
T T T T T 1

APX 75 #:/pmol - min™ - g FW
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CrRbFRH B /mg - L
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B 5 RERE Crab B ERM A APX E IR
Figure 5 Effect of Cr** stress on the activity of APX in leaves of two

varieties of Brassica chinensis L.
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Figure 6 Effect of Cr** stress on the activity of DHAR in leaves of

two varieties of Brassica chinensis L.
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Figure 7 Effect of Cr** stress on the activity of GR in leaves of two

varieties of Brassica chinensis L.

B REAR AEYE TR, Coba vl fEFHRpk AN
EHRER A, B RIE S EEA, 5 R EEEAR
T U, T IR A YIRS A5, ZEAIG
W Cr*(50 mg-L)ANE T, BIFpE SRIMIES £ K
5t B TCH 25 5 T SR Cr(250 mg-L7)Ab3 5
d G, T A R#, h%E .

EH AR BEY M B A7 A RIS bR A
FhAFA, — X FEAERR, A HERSH
R A X R R A8 B E T R BRI
TR, R, BB KA bR B RS
PR, R AL X A s R E— R
R BT AR R E BB AR ES . TS, B
# Crb Bk B, BEAE (0 ) S EHE
FhE X R PR AE T — & R , I B AR IR vk
R, T A E R E XSWALEE
P ARBREPIR BRSSO RWRE Crt
(150.250 mg-L™)Rb 3T, Tiif 4% 38 3558 (0 B BT B
MDA _FHiE R B BAL T4 e 2 a5, RP%
75 A BRRE i ALK BREEH 3245 , SR Ah 3N
it e 5 55 ) R P AR B A E R

MANBEFH&EXEYES BN EEEEEE
A B A=) (40 GSH.PCs % ) 2 i S A 1 B fH 22
ERGEBRENER, 5L RETESTVBBKE
AV B — SR E N X R Y% E R A,
S A B e S AR N, IR IR R B T
MY EE AR, AR, HE Cr b ik
FE, PIFPE SR B Ry SH.GSH F1 PCs & &3
fn, ZE Pk EE Cr(150 mg- L) ACFE R ik B & S {E, v
RERH 2 BIMAIIE 3 T PCs & LH, S5 7EH %
A NTE R X AL, DABH 148X & SR . X580
NFE PR R SR 85 R . Rk Cri(250 mg- L)
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IR, BHEM AT PCs & 5% AN T
30.9%, 475 (11.5%) . KRB TIHERARS
WY B4 & 2R B8 T, DUk it BE 13058
AsA-GSH B3R & 414y =29 & APX, DHAR #I
GR % JURPHTE (LB K. AsA .GSH PiFpEEEHTE AL,
7€ AsA-GSH fE¥FH, APX DA AsA SE Pk, BE#:
75 H,0,, i MDHR .DHAR F1 GSH 74 By F134+F AsA
7K, XFFuAE 5 m/ERA K DHA FREA EEAE
FAP, IR JE RIS e H AR (GSH) AT g B AL TE LR AL LA
BEH BR(GSSG ), DT #4540 M P9 3 22 i S8 fb ik R 2%
WER  FETEMIE AR REFESERP R
BZEREZENIEAY, ARBRH, BWEE Cr(250
mg- L) ZbFEF, tPERAEDTE 55T RAIEL AsA

GSH & B IR E T4t % ,DHA .GSSG & & i3 I5 1%
F85%, WHEREEAHNRE NI EAY RS

B, RWELAET, BHFM 4 AsA/DHA GSH/
GSSG HAE S5 XT B L T R IR R T4 55, UL
HXT Cr il B 50 A8 I RE 7 , 7EALFRIY (5] RE A5
REFE R AR R J) (AsA/DHA (GSH/GSSG I,
fH), & AsA-GSH B3 18 302 % SOG4 R B bR
BEE T YR, SRR T 40 A AR i A AR
.

LI MR 13 SR AL B (APX) 2 SR H 5 B HY0,
MR N, RSBt iE A EE A PUE AR
M. GR 2—F15 NADPH B FAEE DI REM R E R
EH, HEEIEE 2L NADPH FEY , BEABA
Bt H K (GSSG) ik Jii A GSH, /&2 AsA-GSH 3 H &
JE— IR, X AsA F1 GSH My FA4E BB HER
YEF . APX I AsA V&R Hy0,, T AsA & ATE K
B EPUIRMER (MDHA) FEPiIRIMER (DHA ),
MDHA F1 DHA 7E Bl S HU A i BRIA R g (MDAR ) F1
DHAR #EFi F 4 i, AsA. APX .DHAR # GSH 4 B
FHREF AsA BIKF . AR FREE Crovk B RY3EN,
ZhiE sk 5+ APX DHAR \GR 15 PEFEE A HRVK B
RGN R, ERWRERET, BPiE T APX Al
DHAR & 5% BAH EL , 3 IR = T4 55, T GR 1& 1
FEIRAR T2 TS . ULBAZESS AT | T4 it B 19 %%
i BB SV BR T B 7= A 1 HL0,, WA T 4 41 A
FIRERE I AR, [RIB APLIR I BR -4 Bt H BRAE 2R
HIIE 5 & AsA \GSH Ry TR 3L T4 SRk,

4 it

(DCrRE T , AR SR A PR

BF(0;- )}t MDA B EEHEHEESE . EmKE
BRALIETT  Tt% A RE 1 BGR A SRV T T 5 X EAE
L, 3N B R RE /N T4 T5 , SR A WD E I E R
BEHERTE /N

(2)%& a8 T PFP SR A P IER#Y R (SH.GSH
PCs )& 230, Mt 55 MERCR R TE R I AT 8=
HAEBRY & &

()& AT, F M A AsA . DHA .GSH.GSSG
P& & APX . DHAR GR TEMH R A0 BV B A 35
B EREE Pk E Cr(150 mg- L)AL HE T ik
F 5 {8, AsA/DHA .GSH/GSSG H{E 2 T Rta#, 18
R Crt(250 mg L) AT, ZBHiH P APX,
DHAR R I8 = T4 55 , GR TEHEREIRIE T4 55, %

HHA B AsA-GSH U S BTE MR A= 1Y
LA fLRETT o
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