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Response of callus of Alternanthera philoxeroides to Pb®* stress

WANG Juan, SHI Guoxin, ZHANG Lele, KANG Yining, XU Xiaoying & DING Chunxia
(College of Life Science ,Nanjing Normal University ,Jiangsu Key Lab of Biodiversity and Biotechnology ,Nanjing 210046 , P. R.
China)

Abstract . Callus of Alternanthera philoxeroides was cultured by tissue culture technique, which was used as experimental material.
This paper studied the toxic effects of Pb>* gradient concentrations (0, 0.2, 0.4, 0.8 and 1.6 mmol/L ) on the contents of pho-
tosynthetic pigments and soluble protein, the level of active oxygen, activities of antioxidase( CAT, SOD and POD) and changes of
ultrastructure in callus of Alternanthera philoxeroides. The results indicated that, with the increasing of Ph** concentration, the
contents of photosynthetic pigments and soluble protein decreased gradually. The contents of O;~ and H, 0, increased gradually,
while the content of MDA increased at first and then decreased. The changes of SOD and POD activities were the same as MDA,
but CAT activity decreased gradually. Transmission electron microscopy observation showed that the chloroplast, mitochondria and
nucleus suffered serious damages under Ph* stress, and the concentration of 0.8 — 1. 6mmol/L generated the fateful poisons to ul-
trastructure. It was concluded that Ph*>* stress induced not only destruction of physiological function and structural foundation of
Alternanthera philoxeroides callus, but also the disorder of physiological metabolism, which led to the death of the callus at last.
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JKAEAE (Alternanthera philoxeroides ) Y4725 >3 7 5 | 35 54 155, g 0B T 55 & 20 4F /4 i B85 A
Wy, HAT EHEAE S5 AR OB R AR R RIS S K AR A R 1 R ST R A R
BE K A B A . LUK AEAE 2 B S e A i B AL U TR 42
1.2 ARG *E
12,1 feff sl R o SREUANIMR /K AL 28 B AL A, FIE SRR S SRR i sh whde 4, SR
223 70% WKE 30s.5% UCE R AN 10min A1 0. 1% FHoR 10min 335, JC K 5 ¥k 6 WU £ 50 T 7% i 6-BA
(3.0mg/L) +NAA(0.2mg/L) [ 1/2 MS 5 F 5, i A Forma 3744 5l #5816 4510 4 4 PH R 280 B 5 4 (9
[ 7)) s SR A L. B FRA IR 25°C , B TOBIR 16h, SEHRSRE 2 1200 — 1500 1x' 7%
1.2.2 {50 A4 it 40 38 BRI KOO — B B0 BUK A AE B L 4VE T 0.,0.2,0.4,0. 8 Al
1. 6mmol/L Ph(NO; ), (LA4l Pb** i) (Y ZEIB/K i, 384 25 F S 040 A B AL B 3040 vh S 1, 2% 1R [R) 335 3% Al
YU —F0 55 Td AL S B R B B G, UM [ 3457 0 A (5 2 U, 25 B oK e KT, HEAT AR TR
SR | (R OB AT L B L. SEI TR AT 3 UK.
1.2.3 AR E oA EF % Lichtenthaler™ [ 75 5 ; M AP B 7 (057 ) & R Me AL 17
PO s R A (H, 0,) B — I A O EE M H, O, 50 £ 5 (i st A 4 TR ) 5 79 —
Tk (MDA) SR FZE A A 05 8 00 5 3 480 A S0 ( CAT) 36 P 52 SR PR 6 07 5 5 B R Ak B Ak
g (SOD) i P 5 R Fl NBT SAkid Jitik ™ 5 i AL M i (POD ) 3 i s SR A B AR 7 i ™ s T s vk 2
&R A% DS i G250 31 .
1.2.4 B MM AEARTIS 7d, OURIRI W B Ph™ " A 138 oA (R0 002 1 3 2L 43k, v, DDA Lmm® K/
ORES BT 2. 5% I BEA 1% SRR WL [ 52 , N R R 557K , Epon812 12 i (03, LEICA A8 WY F B4 £
TIGIH Y 2 B R LR A B R A W e £ , T Hiitachi H-7650 7805 5 v 45 ( H ) T WLZEIH41 B
1.3 Gt S

SEREE RN 3 WS A, TG T LA B ) b B AR SR Excel BPESE AR, 5 45 2L BB bR 5 40 2R
e BE VEARICHES T, Hort P=0.05 S 0B M1 P <0.05 g BEAINK; P <0.01 Jyh b E A XK.
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2.1 Pb* 3tk ARG HAK S BESENTI

R4 R AFRHAE RSN K B Pb " W (T, 14 K a(Chl. a) FIZETHE N F (Car) &
B R B, HAE 1. 6mmol/ L B 4351 Jg X5 BR A 23. 00% 11 23. 81% ;i 4% & b( Chl. b) Fl A H-4% % (Chl) &
RS TH AR, 7E 0. 2mmol/ L IR e K AH, 4371 % BE Y 168. 57% A1 102. 27% , M 0. 4mmol/L ¥ & FF 4
TR HA IR T X I 2% 50 B 2 W1, Chl. a, Chl 1 Car #8 Jg#% 52 60 A 3¢ (ren, = — 0. 9850, 1y =
-0.9661 ,r,, = —0.9527;P <0.01) , i Chl. b & i Z 4 %, Chl. a/Chl. b 1 Car/Chl ffk 2 TR —%
FEAHRIE PO B BUE R T X8, B3I BB E (R 1),
2.2 Pb** 3tk L BHALR 0,7 \H,0, K% MDA & EHIHM

PH** 38R 0,7 Fl Hy 0, 5 578 1 FH, 78 1. 6mmol/ L B 4331l g Xif B (1) 4. 52 4% 01 3. 79 fif ; 1fif MDA %
AR SETHE RS 78 0. 8mmol/L i KB WEE , Xt BRI 2. 23 i, SR )5 43 0 F B, AR BUE ATy 85 1 %F IR
(K 1a). 22525001 W1, = H A0S Ph* " LT FF 1] 35 1% UM 8 35 TE MG (r - =0.9537 1y, =0. 9681,
rups =0.9347 ;P <0.01).
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Tab. 1 Photosynthetic pigments contents in callus of A. philoxeroides under Pb** stress

Pb?* ¥ if (mmol/L)  Chl(mg/g) Chl. a(mg/g)  Chl. b(mg/g) Car(mg/g) Chl. a/Chl. b Car/Chl
0 0.132 £0.0073 0.100 £0.007 0.035 £0.0021 0.021 £0.0013 2.979 +0.171 0.157 +£0.010
0.2 0.135+£0.0086 0.075 +0.005 0.059 £0.0030 0.014 +0.0011 1.259 +0.077 0.106 +0.007
0.4 0.095 £0.0059 0.065 +£0.004 0.029 +£0.0015 0.008 +£0.0007 2.292 +0.124 0.089 +0.006
0.8 0.073 £0.0052 0.051 £0.002 0.023 +£0.0013 0.007 £0.0006 2.241 +£0.110 0.102 +0.007
1.6 0.037 £0.0027 0.023 £0.002 0.014 £0.0007 0.005 £0.0004 1.655 +0.090 0.127 +0.009
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Fig. 1 Effects of Pb** on 0,” ,H,0, , MDA content(a) and CAT, SOD,
POD(b) activity in callus of A. philoxeroides

2.3 Pb** 37k L4 RS AR RIPEE R G iE R M0

FKACAE AL AL 9 3 R3S (CAT .SOD H1 POD ) I M:AE Ph> " i F i R WA A). i Pb™* Wk BE 1Y
FhEs CAT T M B 35 B B 35, 72 1. 6mmol/L i [ by BB 1 28. 05% , 2 543 B K W1, CAT 4 5
Pb>* Y B TR B B 61 AHE (r = —0.9755,P <0.01) ; {iij SOD 11 POD 1 ¥ R 45 THE [, Hirp SOD 7% i
7 0. 2mmol/L B3k B AR, Fb XS IS4 T 25.75% , 485 3% %7 R4, 1. 6mmol/L B %t IR/ T 22. 73%
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F RS U RIRE TR 25 B, S50 S R A P47 (P81 3a) 0. 2mmol/ L Ph? " b BRSO SSBE IR I iy
JEZAK (P 3b) 3 242 0. 4mmol/L Ph” " AbHRS , SRS BENR by A AA B, HEREHES Z0RL (] 3¢) 51, 6mmol/L Ph**
Ak BRI, FEAL 5 BE TR B R H WD, 8 T2 iR (B 3d) . @ IEH @0 8NN B LR 6 T, I 58
Gt s] 18] Tk (7 3e) ;0. 4mmol/L Ph” " AbHES , WSS HESI TE )T, th L2 1AL L4 (181 36) . B) 1EH 4i g
WAL AT, Y (RS 150 A 52 4 ELIL 0 W 5 4% 0 LB 43 W1 (€1 3g) 50. 8mmol/L Ph** AbFRLJF , % fiE
BER, PSR LA R AT I Bl O T IR g AR (1 3h)

“— -

3 PH** Jlpae T K AE A 0 A 4 AN AR B 45 ) ( CP 4 4% ( chloroplast) ; Mi : G ( mitochondria) ;
N: #f 24 ( nucleus) ;Nu: 4%/~ (nucleolus) ; Nm ; #% I ( nuclear membrane) )

(a) XFHAMFLRIK x 30005 (b) 0. 2mmol/L Ph** Ab3H, FEAL S HE (R TF 4 % ik x 30005 (¢) 0. 4mmol/L Ph*
b, BORESSHE VR E RS x 5000 (d) 1. 6mmol/L Ph** 4bH, BKL 5 36 T S AR H 91 i >,
FaF 25 UK x 20005 (e) K HRZERIPA %2000 (£) 0. 4mmol/L Ph”* Ab3 , G S HEFI L , th 125 i1k
PG x2000; (g) W HELAAEAZ x 7005 (h)0. Smmol/L Ph>* ZbFH 5 , RZHEREZY, Yot i S5 4% 5 L1
&K AN MK Ho o IR IR R4 x 2000
Fig. 3 Ultrastructure of callus of A. philoxeroides under Ph** stress
(a) Chloroplast in control callus cell x3000; (b) Swollen thylakoids treated with 0. 2mmol/L Pb** x3000;
(¢) Loose grana thylakoid treated with 0. 4mmol/L Pb** x5000; (d) Decreasing grana thylakoid treated
with 1. 6mmol/L Pb** x2000; (e) Mitochondria in control callus cell x2000; (f) Callus cells treated with
0.4mmol/L Pb** | showing vacuolization of mitochondria x2000; (g) nucleus in control callus cell x 700;
(h) Callus cells treated with 0. 8mmol/L Pb** | showing disappear of chromatin, breakdown of nuclear

envelope and disintegrate of nucleolus x 2000
3 g
M2 R T i I AR a/b (R OGS 48 F A BUR O A 29845, 2R 8 b RIEL /G R, U2
JE IR BT, — 5 TSSO RE A& B SO rhts , A2 T Sr A T S DR AL SRR R R, 55—
T B MR MR A L, AR O P, 7 LR IS S SR AR SR i 3 S B A T R A DA T R
P PD” T I T 3R T A T 14 JEE I 5 3 TR 348 J5L I ( Protochlophyllide reductase ) [ 7% #: FI % i 48

He-g-i IR ( Aminolaevulini acid) (/£ ¥ & s PD”* FEANIL N R AR B0 22, 15 S U T 2B 115 19— SH
B SR B’ Zn®" Mg® " 45 IR T TSR I R R T fE. HC IR a BT TR AR R
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b 7£ 0. 2mmol/ L B} & kI AT, SRJF HELE W, B W AT BEMF 4 3 a R ST b RUE , B 5 MR
WAHBIEINN 2R3 a/b (EACR ISR B | ORI, SIS R BB R /N I i o g
TED0 PH " 3 R R AR A S R BT, BRSO R HE DA AL , B FE D, e B A A
5. Car/Chl AR SEREG T, UL Car L Chl X Ph” " e i R BURE. Car/ Chl {F At R IS 2 I 22 A0 AR X 5
s, AT R TR A0k T ke sE ™ R AT Ui S SR A BRI A R AR, T A2 B 4 X L 7
EAIbEL SIS

4R AR 5y — > BRI B 0, A H, 0, 5 K ALR. B O, 1 E MM M HLIE
— 25 3 SN A A SR IR £ TR 45 4. T MDA J2& RS i A A i) B2 2 —,
TR SR LIS I st AR P 4 388 55 R RS2 B DR B 1 T B A SRR SRR, 0,7 I H, 0, BB
Ph? Bl v FE (0 SR T 2 T e 3355 05 2L L P T o T S P 1 0 8 2 — S0, HE I (e MDA 35 f
FR3E T, BES Y SE AR PEBERIR 0. 8mmol/ L i 48 A2 A% 50l 24t MR AR 4 O THIIE S 173 5. MDA A hy i 48 Ak
P R SR R R R T R S R R A (SR 3 DB X A B 3%
B AT VAR AR 1 B R0 T RE RO 1 P 40 & AR 1 PRI 4, 3815 MDA A RN A7 06, AT T4
20 1 P L ) A T 5.

CAT SOD FI POD J2 g 1 2 24 A il A 471 48 Ak 3R S8 1) 2 B 4L . SOD REIECAL 057 O, H, 0, , T
CAT F1 POD WAl H, 0, JE 1 Hy 0, AT =35 W — B0, A REGEI 15 48 ) P SRR A 4 IR 1A AOF ™ ARIE A
VRGN IE R AR AR, A SEgh b 76 Ph* A N CAT bk e 2 B, S RFEE TR %, B0 CAT ¥
e FNFE TR, 0 P73 ¥ (0 (AR 17 SOD A1 POD & 4 4 SE T e, 3 1R #3976 Pb™ 7 Wy
0. 8mmol/ LI F¥ 4y I , ELACELAIR T X B, FEWAIRVR S Pb* " Whae i85 T HU AL TR P T i, 7 — S L L
BT IR0 (B Ph " YR ARSI oy M T A SO, P BRE , W PE T AR B, i AR
RGP BT, DHREZCAL, IR BRTG ML A BE 7055 , NI T 0,7 AF KR AR, 5L AR 45 Ay 1 5 A A
HACHIEAL

AT T AR A s A A 473 2 20 D ) B A R AT T AN [ - A R A 2 4 A i AR B AR AR A, BR T
JAZ HOIELTE IR AT ULAT , e A aR R /b, L RE LSS 3 — e R BORE , AT Bty T SO U AR B 23
s B, i AR A IRTIE BRI/ VA 5 T B0 T A AL AR AN P9 7 2 R A 2, FL R B ™ I A
B R b B B @A S D RS R LR H B LSRG SRR B P EEE VR A TH i , AR
BB 5 BRI ASEHTIE K , HEFIAMBEE AL, 5 S A R s LRIk 22 PO B W S HES T, Hth B As
WAL B G s — RS L T R A MO 32 35 B A S 2k 2 TR AR SE 6 AR 9 B 5 e S I, 5
BN G SR T LF I R AR, e Je A A 2 P e o 8 A AR, 3 3 BT 40 D 2 52 453 3 ) 175
TERERA Z R Ph” 38 R KL AE 5 L S e 2R A0 4 A A 0 52 B P T 2, R
TS LAl XSR5SR 1 KA A A S A BRI 1.

TR A N E T2 AL L SO SR B B e BT, DRI T 23 O 3 A R k. B2, b7 XK
FEAE AL S T T N — ZR 9 A B A AL FR R AN A M S5 A4 P AT T £ PR B, 108 18 40 2. 2 0 A B 25 9 O
RZAIET.
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