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Effect of aluminium on protection enzyme system
and proline of Brugiera sexangula seedlings

MA Li, YANG Sheng-Chang*

( Key Laboratory of Ministry of Education for Coastal and Wetland Ecosystem ,
School of Life Sciences, Xiamen University, Xiamen 361005, China )

Abstract; The activity of POD, CAT ,SOD, APX, the content of soluble protein, MDA and proline in the leaves and
roots of Brugiera sexangula were studied under 10— 50 mmol/L AlCI3 treatments. The results showed that, B. sex-
angula had strong tolerance to high concentrations of A3+ ,even 50 mmol/L of AB+ ,but under this concentration,
the membrane system in the leaves and roots were seriously damaged due to peroxidation, while the content of MDA
increased and the active oxygen metabolism of the cells were unbalanced, In protection enzyme system, A3t treat-
ments concentrated on the raising of APX and POD activity, reducing of CAT and SOD activity in leaves; for the
roots, the POD and SOD activity were significantly increased, while the CAT activity were decreased. Under treat-
ments of 25—50 mmol/L A3 ,in both leaves and roots,the soluble protein content decreased evidently but the Pro
content increased.
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1B RE EIM B I EEIRFE S, X £ /N E (Dark
2 .2004) K FS (Ma %,2002) . D EM (B ES,
1992) W (BEEB R, 1997 . BER(HHEH%,
2003) FE(FFH%,2000) YW BIHE.

LTI AR R A K T 3G 0 T ST = AT O )
WHARFEYBE, A FKE R, LA T4
ABTEEER. FERNESBER T L4MEY R
MPUKESEEETSYRE. CHEORREN .4
WEYM KBS ESR IR ARRNBEEIERM
i 3 ARt (MRS %5, 1989 RER%,2006: R E %,
2003), BB BRI K 1k, A X L0 RHE W) 50 Tt 68 R 1
BEFHOREYNAEBGESTRNTHRLHSE
WiE., A, &L LIS E (Brugiera sexangula) )
oA R GBS R MARI W E ALY S0, B
AP B OMEYERMRPEBRAZENEMW,
HBE A L0 B A W 8 T 4R R R K E ML A 4R 4
%

1 #MEEF &%

1.1 BRIESFR AP $i 408
BELREHETEEAXEFMBLMKA
RGP EHEKFERNB8.23+1.04 em  EHER Y
12.24:0.68 g, KA H, BB ERHTHE
REFEEMBEERBENH#TOE . DA 2~4
mm, ZERKREWMEEEABHNES. BHAE
2.5 kg, BRAMHEEERY S~6 5. BEHRBRA
Hoagland’s ¥ & 3% 3% % , 3F 1B & 3%, NaCl LIRIE
BESENEETR.ERJIFHRIRERE. S
RAIFEHEZEBEN KA. 1 TABHTHRBEL
@B AN )W E 4124 10,25,50 mmol/L,
IRBIMBHROBEREEDUR, §-LHEESF 4
Ko 2N A,
1.2 A%
L2.1 ## REEGEFEI~4 XA MERBE,
ZHERKRBEZEAREEL. ET.
L2.2 By H & B 1 g et A mRAR, 8
B4 A 10 mL 62, 5 mmol/L B &% 2 wh &
(PBS pH 4 7. 8,4 L %PVP) IKiGHFBE, 15 000 g,4
CTHEL 20 min, WEE., BEFHEARSEU
Brandford(1976)% S 2 K G-250 F kWM&, 4
M5 E O YRR 28 .

1.2.3 LR AL H B (POD) M eh £ HL 100 pL

B PBSREBBEME B, MA 1.5 mL &AL
BFW (62. 5 mmol/L,pH7. 8 PBS, 20 mmol/L &
BB ,1B%5),25 CIRIA 5 min, i 10 pL FEALE
BE R M T 470 nm FH KA EEHEEE, A&
KAWL ER, BIEEU AA/g - Fw - min &
7~ (Jiang %,2003),

1.2.4 8 S8 (CAT) g ey 2 CAT FH#
(T 5 22 A6 T A 2 (2004) 3F B 0 B0H , B 1K &
% 100 L BEH N 900 pL 62. 5 mmol/L BERRZE bk
(& 1% HOD B R R, F 240 nm & 4k 6 8]
B AR R RN E R, BIE L AODy,/
g * Fw « min &R,

1.2.5 B AL B3k LB (SOD) F eyl &£ SOD
MEMREABE N (NBD A BELEER AR
JOF B 7 3 0 S LA 4 B o7 B[] PN I I 6 TR 50 00 B9
R G (NBT) p— BG4, BETE L, U/gFw,

1.2.6 xmdfit R wBE(APX)EHea g L
Nakano & Asada(1981) 89/ % #47,290 nm
A ABUES (8] 49 4, R4 B 0 B (8] I ODye0 B O 1H, 11
B APX WIEHE.

.27 =8B MDA)SEME MEALERE 2.0
mL fMA 2.0 mL 10% = Z8(TCA) (& 0. 5%
RELZRHMA(TBA) RS, E# 15 min FHRER
H,4 000 r/min B> 20 min, L 10% TCA (&
0.5 TBA)Y I & th, WA 532 # 600 nm ¥ £
4L E OD 18,

L2.8 s BMAR(ProdEwals RARE®H
FCOOH =B A%k, WEHYAHRIERER
HBMTL.

1.2.9 %t % F SPSS 1L 0 it HRIF BT A
R RABEE N E52 % (One-way ANOVA)
Xt S5 56 B4 HEAT SR 3T 4

2 BREHN

21 NBEHHERKOE W

100 mmol/L 1 75 mmol/L 84 A s HAH
WoAHELETdMISdEELEK,. BEAERA
FIFEHEBRMI, £ 10~50 mmol/L B FEH
BN EG B RE SRR B, A KB B g, 5 Xt
PR AR 18. 4+ 1. 4 cm #H L, 4 51K 16. 2+
2.7cm 15,41, 1 ecm 112,33+ 1.7 cm, M HHE
Mt EARWARR B . SR RME L, LA
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REWRAMM BB BAH BB, BB
22 BEHEM MR AT B (MDA) S B

"

P B (MDA) B R Bt 4k =9, K& B K

F1 APTEMEXNGESHEH R
H_E(MDA) S R %IH
Table 1  Effect of Al3+ stress on MDA in leaves
and roots of Brugiera sexangula seedlings
LE O "R MDA & & # MDA £ &
AB* treatment MDA in leaves MDA in roots
(mmol/L.) (nmol/gFw) (nmol/gFw)
0 4,7161+0,116Aa 1.65710.124Aa
10 4.699+0.530Aa 1.574+0. 211Aa
25 4.620+£0. 333Aa 2.010£0.375Aa
50 5.98740.107Bb 3.215+40. 433Bb

B: A-EAFBRAREANLZRBE KDFRSHRE P=

0.01 fil P=0.05 9B XKE. TH.

Note: values in same column followed by different capital or small
letter are significantly different at P=0. 01 or P=0. 05 level, respec-

RBTHREMNHEREE. RI1ERER, KK
EEEBAET B EN F MR MDA & BEAR
BE EFESWKEME 50 mmol/L, it F MR
MDA S BHE EWR, BT RASHWMT 1.5
f&EF1 1.9 45, U4BH 50 mmol/L $B¥E 3 % T 1§ 0t
B AR 40 B B BE Bt k. R T IR R
2.3 xigELHEMH R RBRPEEREHRT

AFRIEHEELE T, BESH T MBI HRE

BRPEEEERAREHELBEE.
2.3.1 3 POD # CAT &4 %6 MFE 2 774,
X BAR 65 ER A0 38 T M & B AR SR AY POD 7%
HREHR, ERI,EERLIRER N, POD F
PR R 48 8 50 mmol/L Ab B4 S FR 4 3% i 2. 8
&, GXBAML, BETHMVEHN CAT FH
FEEEEMEBATHES . B CAT FHE
SABEAZRERFHABE.

tively. The same below.
F2 OAPTEMEXBELSEM FRR T POD 1 CAT FH A& M
Table 2 Effect of AI3* stress on POD and CAT in leaves and roots of Brugiera sexangula seedlings
gl i POD & # - CAT & # POD #&#: R CAT %
Al treatment POD in leaves CAT in leaves POD in roots CAT in roots
(mmol/L.) (AA470/g * Fw + min) (AA20/g * Fw » min) (AAt70/g » Fw * min) (AAz40/g « Fw + min)
0 8.5310.32Aa 2.73+0.45Aa 5.30+0.68Aa 16.02+1.67Aa
10 10.934+0.51Ab 1.5740.47Bb 7.33%0.58Aa 11. 5540, 49Bb
25 20.77+0.94Bc¢ 1.23-0.31Bb 12.87+2.70Bb 10.3440.76Bb
50 11.73+0,.61Ab 1.15+0.41Bb 20.1042.92Cc 7.2040. 85Bc

F* 3 APTHEXHEELEM FFRAS SOD F1 APX F A KM

Table 3 Effect of Al3+ stress on SOD and APX activity

in leaves and roots of Brugiera sexangula seedlings

HEabr r+ SOD & 1 SOD & # M APX & #: #HAPX &
A3 treatment SOD in leaves SOD in roots APX in leaves APX in roots
(mmol‘1.) (U/g+* Fw) (U/g+ Fw) (AAzg0/g » Fw *» min) (AAz90/g * Fw * min)
0 118.991£6. 3Aa 96.804:4.70Aa 4,87+0.74Aa 9.70+0.15Aa
10 106.51+21.8Aa 113.3145. 14Ab 9.06+1.21Bb 14.5040. 11Bb
25 97,.81+11,.05Aa 124.88+4.66Bc 10.10+1.01Bb 8.76+0.16Aa
50 85.88+6.13Bb 127.7149. 25Bc 11,4241, 18Bb 9.10%0.1Aa

2.3.2 3 SOD #v APX it ti ¥ KIHZLRE
R.BEM A SOD &M 10~50 mmol/L £84b3H
TEMBEMES, B 10 mmol/L.25 mmol/L B
AL HE T SOD 75 & 0 R B3 5 4R AL B K RE 4 B A9 B
AR E,2000) &, & BUKFEM K SOD & 4 B
ERERENEAETHREERWEMUERL. & 10~
50 mmol/L 484 BT , i ER  SOD MEHH EE
Whn. wENHE APX FHHEEX AT 0. 86
~1.34 15, MG EREH APX JE K 10 mmol/L

W BE AL TR T A B3 gk, B Ak AL R S R S5 X
BAMLZERARE. SOD EHYKEMEHE,
FEREEENE B K. RAAMAT, B
A #Yy SOD 14 T B, 7T B 2 SOD B R £ — & At
(7] 905 FE P L T B, 4 PR p 2 MO BT 18D 45 A MU 72 A
B AR RS T SOD M ERE, BHEER
WP EER BN, mET - ERERNALGE.
i s APX & HER9 S, AT REFR4h T SOD
MERTEUBRGEEERANBREBES. RE
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SOD EHAFME ., RUAEEL T LUE TR ER
#8 SOD 1 14 3 3& M 45 5 Bh 38 5 T APX 7k ¥ JE AR &F
4L AR AR R R TR B
L4 MEEHEAABCES R . HERSEARE
RAGRER,BEF A ORBOATEEERER
& BT 25~50 mmol/L BN E Al b HE T &
T B B R, TR 4R A Xt Ip IR 40 B B R
BRR & BB AT P (B A %,2006), IR A
FARFIEEEARSBUEEKRENE ML
PR EE N HNERER EOBEEARS
BUE B BUK A% 5 3905 I8 T B0 MRS N, RS 1T

e, & QA R B

BEMRREHMYEARMNASZ — UFERE
TEMEETHYEY., EEAGT. S%EEH
WEFHEBERNESEHAS BHEFHEAGT
(FBE 5. 2HS HYEA S BERTSMm
10~100 5 3k B 38 %, 2004),

58 e AL FR S B0 S - b AR BT O S A A RR AY
AKERR HHEERLEKRENEN MEARSEE
MR EEMN BB, FETFHERSEEMT
72~14 4 REMEAMRESENMT 107~
30. 1 4%,

4 APTHENSEHBFHRAARBURMEANBEEHEARSBOKT MW

Table 4 Effect of AI3* stress on soluble protein and Pro in leaves and roots of Brugiera sexangula seedlings
B WEARSR BEHARSE i Pro & & g Pro & &
AB* treatment Protein in leaves Protein in roots Pro in leaves Pro in roots
(mmol ‘1) (mg/g « Fw) (mg/g+ Fw) (pg/g * Fw) (pg’/g « Fw)
0 9.2740.28Aa 8.54+0.64Aa 21.3+ 7.83Aa 13.6+1.7Aa
10 9,0310.86Aa 8.42+0.22Aa 34,12+8.55Aa 36.97+2.4Aa
25 6.24+1.01Bb 5.52+40.14Bb 174, 7247.83Bb 159. 26 £14. 5Bb
50 5.42+0. 46Bb 4.96+0.21Bb 328.28+3.56Cc 422.8+19.49Cc
#7K ¥ . & 50 mmol/L 8 3L 4L # A, POD #9354
3 ik BT W T RER T 0k A BUR T8 4 #0480

2 ALY #hvk BEAE 50 mmol/ L B, %5 E 4T # BE i
ARKAFEVEEEN AV BRBERBAOMZE, A
MWERT 50 mmol/L B, BEEKZR=EM
il I K AL,

¥ B FR A MDA 4 87 10~25 mmol/L
AP WAL A AR R F, 4% E X F] 50 mmol/
L, MDA &7 MRB S 8 F 8,
158, B VR T ) 5 {6 4 A RS o AL PR KGR,
o B 1 45 0 RO Th BE 3 BIRAR .

EEETRNEEEFTRALE T, SMHEPE
5N MAR (AsA) A B H AR (GSH) %0t 8 (& h
MEBEEANDAER. APX Btk d & —
W H.O, M CREE, S8 MH ML FEE(GR) %
B EERA ELMA MR- S HKESRSE £t
SRy H O, , FATf AsA 1 GSH B4 (4 # &
%,2003), SBIME T B EM A APX FHEEE
HIME R, TTRE R T R K R G X 48 B A95E B .

CAT #1 POD h RHEYE N E R H.O, MFEE
RIFEE, EEMET BET A M CAT EHEET
.57 H.O, W R, (B T POD & & E i
RGBT H,O, BREAE, N PRIEA N & H. O,

T POD W& .

b, SODfE N B REBR RE T RS —ER
&, 5HMRFEHEER, BRIERHARAEES
KELHIEERSEAYNRE. ARBKRET 8
M R SOD % BRI, REMEME T SOD
X WA RER S BB AR o AR EME MR H
z—.

RARHYEN LEEMANEERET, KA
BRIGDEEZERE THY M EMOMTZRE.
HAEXRARPE AN FEFREX &L, X
MRT  BEERBYRPBRENEEEL S A
FUORTE SR AL TR BE A9 3% i, 4B POD 1 SOD 7%
HREHRRE,HAPX HESHTHLHAFAHE., RE
POD 1 SOD MR IR, KRR FZARPBRER
Bi e RE /1R, M E M AW ERERAENER. &
HEHE,.\E5EMERETES THREA POD M
SOD BEREMABRREEF X, H—FHAHEE . EH
MHERHT . RAGEREHREINRENNERY
B XY R FEER B TREMRA POD f SOD
MERNNERTYHEEFRETHENRE. B,
MRIFEER G EMRE, AR EYR R F0E )5 A
REFETE RS [R] B4 48 o 28 335 17 AL o
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