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Effects of exogenous calcium on resistance of Potamogeton crispus L. to mercury stress

WU Juan, SHI Guoxin, HUANG Min, XIA Haiwei, QIAO Xugiang & WANG Penghe
(Jiangsu Key Lab of Biodiversity and Biotechnology, College of Life Science, Nanjing Normal University, Nanjing 210023, P.
R. China)

Abstract. Sterile seedlings of Potamogeton crispus L. were cultured by tissue culture technique, and were used as experimental
materials. In this study, the effects of exogenous calcium ( Ca) application on mercury ( Hg) accumulation, mineral nutrition,
photosynthetic pigments, superoxide anion, hydrogen peroxide, malondialdehyde (MDA) , vitamin C and E, glutathione ( GSH)
and polyamines metabolism of the tested plants under the stress of 1.5 wmol/L Hg stress were investigated. The results demonstra-
ted that, (1) Hg stress induced a substantial accumulation of Hg at 165.79 pg/g(FW) and resulted in serious imbalance of nutri-
ent elements, such as inhibiting the absorption of P, K, Fe, Mg and Na, whereas exogenous Ca significantly reduced the accumu-
lation of Hg by 66.4% and effectively reduced the Hg-induced imbalance of nutrient elements in Potamogeton crispus L.. (2) Hg
treatment severely reduced chlorophyll concentration and chlorophyll-a/b ratio, and raised O;~ generation rate, H, 0, and MDA
contents, while increased the levels of V., Vi and GSH. Application of exogenous Ca markedly retarded the degradation of photo-
synthetic pigments and also significantly improved the levels of antioxidant capacity in the tested plants. (3) Hg treatment en-
hanced polyamine oxidase, diamine oxidase and arginine decarboxylase activities. Furthermore, reduced ornithine decarboxylase
resulted in the decrease of putrescine (Put) and spermine (Spm) and in, slightly, the increase of spermidine (Spd) content. Ex-
ogenous Ca altered polyamines content of Hg stress by modulating polyamines metabolizing enzymes activities, mainly presented as

significant increase in Put and Spm contents, and further increased the ratio of free (Spd + Spm)/Put . These results indicated
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that the supplement of exogenous Ca relieved the phytotoxicity of Hg to Potamogeton crispus L. by depressing the accumulation of
Hg and involving in regulation of a series of physiological and biochemical mechanisms, particularly polyamines metabolism.

Keywords : Potamogeton crispus L. ; mercury; exogenous calcium; oxidative stress; polyamines
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A8 Horh A R R T R A AR A (R IEVEEUKTE T AR C R E
S B R AR AL PR R AT AR A 52 75 PR 1 7 A AT

B (Ca) A2 200 B VA0 LA £ 55 K0 2, V0 2 R IBR D &M 5 00 B PRy A 0 52 B2 14 55 — A3 18, 5 5 e 7
(25 S BRI, — W M ANE Ca % Cd Ni 25T 4 & e 40k FAR W 102 R 75 A B
TN T A I A AR AR, A Wang 455 pBIF S R WITE & Cd B9 3R M Ca A0/ 1 7 i 20
AHRT Cd PR Z DL B B AR TS M , Ouzounidou 25" A Ca AEFHTT LIk Ni 8 R /KRR 924 K
FCAVER]. 22 (PAs) SRR P ELAT A BRI P (0 — 2Lk L 725 B AR SF /N oy T i ML R S 7, 29
PR A KR BT SR P, A0 Durmu 2577 GRIFSE W I (Put) ARz (Spm) 39 RE SR £ R IHT
B S AL I (9 BE 11 5 Choudhary 25" RIS % 0 22 iz 05 8 3ot 0 ok 85 N 2 S 1 £ 7 42 J8 ATP il ( HMAS)
PR 3k , T 00 o) 26 4 TS B8 - HE AR 00 K P A T 20 22 4 T 500 3 W1 M IR 22 e B 8 40 5 A 0 57 305 355
R0 BT 7, 21 Xu 251 BFSE 3] Spd REASZEM Cu 30 X 25 00 3 7 55 15 B0 40 AL 13 3, Yang 257 A R4
Jits Spm 1 Spd A {4 A PR A 125 B IR A S NPT AL R BRI B A 428 Cd A haca.

FURTE TAME Ca %) T 428 IO ZM ML B R 245 vh T Ca® 765458 40 MB45 #4070 & 4% A /R A B, Ca®*
W SREGIEE TP FEEE " (BRI TN Ca J2& 75 B0 S0 7K A5 R P U 2 e & e LSO 79 U5
S WAy TR 5 K A AL T 4 T M A O T O BRI i 2 A1, AN Ca %o 42 B IO 5 %
S PE AN LR A T XA A A T R S BT B e LXK A R T T G Heg Bt
RN . DRIHAR SCULZE U 37 45 R 1 35 10 T 0 G 8 65 S S bRk, SR 78 3 SR R 8 n Ca 905 16, BF
Y HC X SR IR TR 5 4 S8 A A5 5 F 2 B AR S0 , B3 S Caa S5/ Hg WA BI85 12 ik
4 B MO0 R B, LU AT R Ca B9/ BVE 5 06 B0 19 56 R, KB R PIXT He (Y
PUHERTTARSER M.

1 MB57E

1.1 bR

YH 5 ( Potamogeton crispus L. ) 3 J& THR T3 F} ( Potamogetonaceae ) HR T3 J& ( Potamogeton ) , Jj 22 451 7K
A REAAE ). AR SLHG BT A RE T 2012 4F 4 R B WKL, DL Iy 19 1) 0 25 BEs 5 A 9 T B T TR 1 4
HPFFERT .
1.2 iRFA*
12,1 ¥R WESR  HRIMER KA 5T ARSI DL AR KN TR A M 25 5
S50 [ TR
1.2.2 AopAe 32 BRIV AR AR — B v 5 TE 1 7 1 0 i 4 A AT AR 3. X IR 2H, AT 1/10
Hoagland & 35 3% 57 ; Ca AbHH4H , 4% 25 mmol/L Ca(NO, ), i) 1/10 Hoagland & FE K 5 35 ; He AbFH4H , &
1.5 wmol/L HgCl, ( ¥k R Hg X v B TG 8 1 14 2 850 M ) 19 1/10 Hoagland 8 3215 37 ; Ca + Hg Ab #f
2,54 1.5 pmol/L HgCl, /) 1/10 Hoagland &S i A 25 mmol/L Ca(NO, ), (HRIETH I B FE) . L5
FA G IR FRM TR I — 8, R IR . 55 9% 5 d U BOM 2R RK e, T, BEAT AR G T8 AR i
BT IE 3 IRER.



F  JBEF SR A5 AT 3 (Potamogeton crispus L. ) R & 3F v6 3R 425

1.2.3 TE4EMNE  FREL0.2 g(FW) H 5, SR AN & B2 TH A5 , F PerkinElmer %58 i {X ( NexION
300 ICP-MS, USA) Jli5E.
1.2.4 vt ZAmEHE P R4 ENE  FRILO0.4 g(FW) MR, LA 80% MIPNERVKIEIHES , B30, HI 43000
J#1H( Thermo GEN ESYS 10, USA) 43 Bl 470 647 Fil 663 nm (Mt , 2% Lichtenthaler ™ 2845
1.2.50,” = 4% % H,0, /B (MDA) 4B 8l & 0, F/ERRS% EEES ikl ; 1,0,
MDA 7 5 R 5 AR ) TR BRI T I S R0 6 (75 : A046 ) T ZE , B4V R mmol/g(FW) .
1.2.6 GSH V. fu Vo2 Bl E  HLO.5 g ML, 1 S ml 5% =4 L B2 (TCA) VKT , 10000 #%/min 4°C
B30 20 min, BU_RVEW, F 2-A8 3528 FF R ( DTNB ) (2 (350 58 412 nm T (G MSUE , AR H A ofi ih 2 11 58 e
HAK(GSH) &V VA i FH B 5CHE B 3 TRRAIFSE T I S 9150 6 (75 : A0S L A009 ) Il 5, AL fi7
N mg/g(FW).
1.2.7 44 B RERM BN E SIS ENNES S Az 57 19775, S04 nmol/g(FW) ;45 &Ml
HR1H (ADC) 1 52 i 35 1 (ODC) B35 P 5 5 25 B8 4 B 25 1 (9 05 6, FLT6 PR 43 30 LA T pmol Agm/h 11
1 wmol Put/miny 1 AETE 1 BAAL (U) 7 5 £ B A AL (PAO) F — fie S K ( DAO) Y 75 P I 2 IO R
21200 iy 959 1 0,001 AOD.g,/min 2 1 ANEEEPE A7 (U).
1.3 FitHH

BARIIEE 3 IR, LA R T £ briiZE. R Excel F1 SPSS 17. 0 B4 % 52 50 55 14547 il
ittt SPSS 17.0 Gt i %t 45 B AR S (E AT~ B 2 5 224047, 58 BUBUE ) i 25 S M40 05 P <
0.05FK /R 27 W3 P <0.01 FoR 2 R W3 B A R /NS S8 3R OR BB =2 8] 22 57 W 3 (P <0.05) , AH ]
FRFRBMEZ R ZRFAEE(P>0.05).

2 LIGHER

2.1 HESREKLER

TILE SRR, B 5 d J5 , He A FHAH (9 78 5 JC 8 P AR AR AR 2 ) S0, ARLARAN 50 W 24, O 1R I 28 i A
BB EEEIR, BB EATELIEE TIY Hoagland B5 3R HARRRIR L IEF AL K IMTB WAL TS, Ca + Hg 4L
R AR AR AE R SR (BRI, ot IR A ZE B T 55 5 W B 4. X MR ZH T Ca Aob P 179 30 o TG
PRS- (e 7RSS Ah I A] , Hg A 32 S RN 3 90 B IR, e R B S KR
2.2 4MRE Ca 3f Hg BB TEHELEE & T ERIAIFME

AMIE Ca XF Hg Bl TH B E W A 0 E R Z MR (£ 1), 700 3 25: (1) 5 Hg A FHAIAHLE,
Ca + Hg AR IO P IR N He 27 TR 66. 4% (P <0.05). Hk, He 38 TH AL E AN Ca &5
AL X JR AL 341 26. 55% ] Ca + Hg AbHRL  Ca 758 LU X MBZH$2 5 41.98% . Geit/i#r M, S Ca X%t Hg
8T Heg IR R AR, 25 53R B B K- (P <0.05). (2) X HRAHLY, B — Hg A PR JH %0
WA P K.S SR BE R, 50X B4 i 71.72% 73.21% F177.18% (P <0.05) , i Ca + Hg 4b3
gl PK.S &4 BIE B R ALY 80. 69% .101.00% F179.11% (P <0.05). (3) Hg B FAR T 5
BT X Fe Na Mg (IR, & 4545 501 Sk X R ZH 19 70. 18% (P <0.05) .75.58% (P <0.05) f167.51% (P <
0.05). Ca + Hg 45 , Fe 1 Na &7 540 ik B0 B4 19 93. 01% #182.30% (P <0.05). Hi%TF Mg #1 Mn i
T, AME Ca (I A AL RETCTA v AR P 1Y) 2 1 135 T . Ca ALFRZH A Ca + Hg AR LG T-X BRAL, L Mg 0
Mn (&M TR T 47.63% 40.53% L J% 49.52% 38.41% . Geit2p #7260, Ca Ab ¥R 2 Ca + Hg Ab3R4T
55X BRZL 22 [A] Mg Mn & 525 S H3k B4R 8 2K F (P <0.01).
2.3 45MRE Caxt HO iME THELHE XA BREREMMERE a/b ENZIT

1.5 pmol/L Hg Zb 3 JH BT I PH4R- 3K a HEREE b 25018 N RAIM-4R 3 a/b (B4 5B IR T 1%
58.03% (P <0.01) ,72.20% (P <0.05) ,55.09% (P <0.01)F180.11% (P <0.05) (£ 2). IE% &4 TFkm
25 mmol/L (4N Ca 45 F F 4¢3 (G B, Ca ZbFRLI v 43 a If2 38 b A S b 35 3 & 43 I 480 xR
HEETHT 13.4% 14.8% F1 1.8% ;Ca + Hg AbIA h  MF4RFK a W48 E b W8 PR EFHANMNZRE a/b 53
WA T X HRZH ) 76.34% (P <0.05) .88.09% .76.64% (P <0.05) Fl 87.30% , 43 & o — Hg ZbFH4H Y
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1.32.1.22 1.3951 1. 09 £%.
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Tab. 1 Effects of exogenous Ca on element contents in P. crispus under Hg stress

SCIAbEEZH
TR G (ng/g(FW) )
papilt Ca Hg Ca + Hg

Hg - 165.79 +16.24° 110.15 £9.70"
Ca 950.59 +100.09" 1333.37 +120. 53" 1203.04 +89.27° 1341.56 +117.38"
P 1374.00 = 124.66° 1390. 41 +139.78° 985.43 +100.22° 1108. 69 +100.29"

4893.72 £499.74"™  5496.90 +506. 72" 3582.57 £461.94°  4951.15 +511.11%
S 629.85 +69.93* 611.03 £60. 64° 486.14 +50. 03" 498.28 +51.24"
Mg 181.62 +16.85° 86.50 +9.81° 122.61 +13.86" 73.62 +8.82°
Fe 49.19 +5.00° 48.70 £5.34° 34.52 £2.90" 45.75 £4.47°
Na 139.63 +13.55° 145.06 + 14.95* 105.53 £10. 11" 114.91 +12.18"
Mn 3.15 +0.27° 1.56 £0.13" 3.21 +0.32° 1.21 £0.11°

* RV IG AR SRR 5% A FR% R BE.
22 SN Ca %t He Bt Ty R TC R C M 6 2 & M43 a/b [HA I "

Tab. 2 Effects of exogenous Ca on photosynthetic pigment contents and
chlorophyll-a/b ratio in P. crispus under Hg stress

- sy S
Ei= 7N
oyl Ca Hg Ca + Hg
442 a/ (mg/g(FW)) 0.803 +£0.080° 0.911 £0.044° 0.466 +0.041° 0.613 £0.057"
442 b/ (mg/g(FW)) 0.277 £0.022* 0.318 0. 034" 0.200 +0.013¢ 0.244 +£0.025"
HKiHs &/ (mg/g(FW)) 0.167 £0.014* 0.170 +0. 008" 0.092 £0.011°¢ 0.128 +0.011"
4% a/b 2.897 +0.061° 2.864 £0.304* 2.321 £0.061" 2.530 £0.313%

* [AFVBCT G AR 7R 5% K R 25 3%,
2.4 5N Ca 3t Hg BB THE L E & H,0, MDA SER O, F= 4R KK # 0

s Hg AbFRZH, JH #TC R R N Y Hy0, MDA & 51 O, = A R 35 g 3 T, 43 B 6 BRZH I 1. 52
1.31 F11.56 {5 (P <0.01) ;MR Ca B INFEAFRREE FHIH T H,0, MDA MFRE K 0, =AM T+, 4
Sk Hg B 414 75.34% 80.23% F175.02% (P <0.05) (& 1). Bjifi Ca ZbFRZH 5% HELH oI 25 T,

2 5 2
=90 = oys Z 80
Zs.
= 80 i @ 40 a <70 T
3 60 b b b E 3(5) b S60Fb b b
£ 50 < be £50
£ S 25 ¢ E 40
NG 40 g 20 NG 3‘0
18 30 < 15 i) 30
« 5 19 €10
ON 0 1 1 1 | __?ﬁ 8 1 1 1 1 8 AO
T U XM Ca Hg CatHg 3 YHE Ca  Hg CatHg = X[H Ca Hg Ca+Hg

Pl 1 S Ca Xt Hg il R 5 H,0, MDA &t & 0,7 7 MR S0

Fig. 1 Effects of exogenous Ca on H,0,, MDA contents and O, generation rate in P. crispus under Hg stress
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2.5 4ME Ca Xt Hy MME THETE & VoV GSH & EH T

Vo Vo GSH 2 A8 9t Py 2= 22 1) JE B4R S LAk
AT DA B R TG PR 4 A SR 58 & 91, H0ie He b3 4H
fEM B ICHE BN AY VeV Ml GSH & &8 8 W71, mi4h
W Ca ZJ, i Hofr — & B F Lk & 8 E % KF.
1.5 wmol/L Hg Zb B 5 d J&5, JH FE TR B /R 9V, VAl
GSH &8 43 3 g % BB 41/ 1. 39 1. 84 1 1. 46 {5 (P <
0.01) 1 Ca + Hg AbFRZRY V.V, H1 GSH & = FEAR, 5351
IRFXFEZH Y 96. 51% (135.00% F1 113. 00% . Fijiti Ca &b
FRZH 5% A TCH B 22 5. it ir £ ], Hg 5 Ca + Hg
ARFRZEAETT Ve Ve Al GSH 5 18 25 5 2 3k 31 b bk 35 /K 7
(P<0.01)(F2).
2.6 HEEXLHEHEGRNE PAs EERHEES(Spd +

Spm) /Put L& T4

55Xt IR LG, HujiE Hg 4bBEZA X Put, Spd () 7 & If
TR, Spm S B EMAL T 37.5% (P <0.05) ;B
— Ca ZbFRLff Put & HEBEAH b FH, Spd & EHEH T R,
Spm &g g LI B X IRALM 1. 34 £%5; Ca + Hg ZbFEZ

270 T

mVe mVg GSH

a

2060 | b

b a
hy 4 a
jan) C C
83.0—b b
L2201}
S
> 10}
0 I I I
Ca H

H o

[

CatHg

X 1 g
SEY AL P2
[Z] 2 &Fdﬁ» Ca Xd' Hg Hﬁiﬂ?{ﬁﬁ Vc N
Vi Al GSH &5 5 (151
Fig. 2 Effects of exogenous Ca
on Vi, V; and GSH contents in

P. crispus under Hg stress

Hr, Put Spm #5705 X LA 0. 94 (1. 69 . 5 i— Hg AEBRAIA HL, Ca + Hg KL PRALA I H] T He
3R Put,Spm £ HEAASAK, 4358 Put Spm WBEARE T 1.16.2.70 f£(P <0.05) . ARALFIL Spd & & 5%
ML AR LA B AN B . 7 225 (Spd + Spm) /Put B HLAETE Ca + Hg Kb BRZH 3Kk B R, Hg AE AR Z , 5

— Ca AbBRAL 55X IRZHTC 35 25 5 (P >0.05) (141 3).

250

a
% 200} b
o b
g 150
=
< 100
il
4o S0
-1
[- 9 1 1 1 ]
X#  Ca Hg Cat+Hg
SEEG AR
280
£
> a
= 60 b
€ 40 ¢
=)
Z d
# 20
&1
g 0 1 1 1 J
@ XH Ca Hg Cat+Hg
SEHG R PR

Spd4 it/ (nmol/g (FW))

Wi A (Spd+Spm) / Put

400
a
3001 ab ?
b
200
100
O 1 1 1 J
Xt Ca Hg CatHg
SEUG AR PHA
3.0 a
25 b
2.0
C
15 .
1.0
0.5
0 1 1 1 J
Y[H# Ca Hg Cat+Hg
SEUG b HR A

Pl 3 SR Ca Xif Hg [P0 F JHFLE PAs % 5 K JiF 525 (Spd + Spm) /Put LU {E Y ZEfL
Fig. 3 Effects of exogenous Ca on change of total PAs contents and

free (Spd + Spm)/Put ratios in P. crispus under Hg stress

2.7 HELE®EEMN ADC f1 ODC E MR ZENL

SRR AR L, SMES Ca Z )5, ADC G EAZ AL AN 35, ODC TG Pt 35 4 =X MR Y 1. 29 £ (P <
0.05). B Hg ZbFRZHlE ADC TH 1 3 525 1 45. 5% {HfdE ODC 751k .3 TR T 39. 6% . S Ca fifi Hg iy
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3BT B ADC % PR He AbFRA R/ T 2.8% , 11 ODC 3 7+ 17 32.3% (P >0.05) (K 4).
2.8 MELHEEMA RN PAO 1 DAO iF TS

5xf A, SN Ca BN 5 ,PAO F DAO 3G M43 451k (& 4) . Hg AL FR41ff PAO A1 DAO
TEVERERE T 1.37 51 2. 42 £5(P <0.05). AME Ca #AN{f PAO 7E ¥ T [# X He AbPRALAY 84. 6% (P <
0.05) , iM% DAO I JG I B 5 0.

_ PRETE a
S 1601 a ab 240—
140 | ab E35F
@120 b @30} be
2100 | 225¢
3 80F 520— ¢
H‘Qéo_ ELE]S_
Q 40| O 10
o
2 20t g8 s[
[ J S S T N T N S S [0 M S I N I N NI . ]
Y Ca Hg CatHg X[ Ca Hg CatHg
S 4 kb B SERAL AL
S b
Es.o- b b 53.5 a
<40k <~ 3.0 a
%‘)' 2.5
Z 30 =20
~

b
#Hool #Hisp b
b 5210
9):],0— %0_5 ’—}‘
a0 1 1 [l | I o 0 1 1 T I

X Ca 'Hg' Ca+Hg X Ca VHg' Ca+Hg
S AL AL ST AL

4 SN Ca XF Hg it Tl ADC ODC PAO Fil DAO 351 A5
Fig. 4 Effects of exogenous Ca on changes of ADC, ODC, PAO and DAO activities in P. crispus under Hg stress

3 it

4 B A0 B Y 4 R F LG 2 — R R AR R BT 3R T R A, X AR R R B
HERFIENR 2T e LRI P, Ca B AR MR T PR3 P P 0701 D/ Lt B 80 7 8 32 T 0 345 2, AR AL
Xk HE K M, DT 2% A FHL 5 T35 4 Cu® ™ NP Cd™ " 253 Suzuki A T 48 G T I3 I Ca Wik
R AT A AR AN RE A5 A -3940 200 M RE RS e M, B KRR B A R I R SR 5 M 1 e v, DA S AL T
SIRIAES " AT LE TR ISR Ca J5 , TSR UE T X Ca AW I K I b Xt He B0, i ik
MESEAME Ca 7] DABEAGH FEXT Hg MAR 2R, BRILZ AL, ARSI 56 o Hg Ja i st 5 4 oy i o e 38 26 Ay, 32 22
FIAIE P K .S Fe Na 255 Fion R MU, X 2045 (L AR 2 S SO P A0 M AR 38 L, R RESR L 2 05 i A
I HAE K R B, B 5 A ) A F) BEGR A 340 5 - 19 ATPase FIREZR 1177, eAh, SN Ca B AEA
—ETRE L GBI R OB M A8 BT B WRBE S B T . L L5 SR s R W, Ca A1 Hg 75 W ORIZ iy Hif
FEAE— 2 WS SR A, T BT H B WSO T 8 - 0 555 T 31 7 , 4Ok 52 R 0 4% 4 92 T8 3R 109 1E 1 IRk
K-

HEB I TS 0 AL REIR R A1 BE 1 Bk s, T He 35 % 9 — A H SRR sk 2 5 i k4
PRI SR R Wi S e R 4 ARSI rh i O B — Hg AR 4% % (Chl. a Chl. b) K3
EAS N FE (Car) &R B2 NI Ca + Hg A3 MR Ca iR AR EZEMAOLE R TN TR, W4
U5 Ca REUENGRIT R CTEN Y EAEH RS EH. SIbFE Jbf R &R0 5500 A K45 R
B, Car 38 AT LUVE R A4 P B4 R TR A0 ), RE TG T AE , W BR TG PR A AR S50 oh M L F B — Hg
JHpiE , SNES Ca FBECHEARP Car i L FF, W —EFREE_Fnag 1P b B B b 00 e

4B XHE Y 55— BB FALE] R 1S AU 76 PR (ROS) MR, 51 & A4 W) I5Eig ity i S84k, A
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UM A AR Hor MDA 2 J BB R sk S0 A b P 3L 55 R M2 Tl O ) T 445 T Hlieschi
N Ca FERE MM i ELAT 7 1B 005 R0 5 T e 200 20 g i 2 REE S B R A 1 . AR Sz i 2 SRR
ANAS Ca B ZIH He MHAEE T O, 7 A BRI H, 0, KiE R, N2 T MDA &4t L7, iX 5 Liu
BN A AT B R I S R RIF S 4 SR — BT SN Ca TIT LA 3 o () A 40V Y, 3 T 4P L0 2 . 1
FAIEAT AR N T R 2 B R AR B R G AR T 3h AT, Ve Ve AT GSH B 2
AR R SR 3 KBTI RV R A — P i 1A 1 RN TR AR R, AT
DL A AR AP R TR, VN EE g S A A B B 7 B B 0T BR R, o8 2 g o Ak
FEARBEWTR. GSH W LGl 5 Vo MG PR RS BRIG 4, B S5 S8 A B H K (GSSH) . AR S2 56
b, B He Ab BRI RN Vo VA1 GSH & &I B T , X 1 He Mg S 80 SR N8 L &
Gtk a8, E S 50 AR N ROS Y5 BE. TINASME Ca J& , JHERN IV, V, Hl GSH & i ) M REAL, B
RIS F PR — Hg AbFEL 150 Ca TRINJG , JEH AR P ROS HAIRAREE Ve Vo Fl GSH K2 5 BRI, X 7] #8
5 Ca |55 T F X} Hg B FRLLSGE o H AL &AL T ROS A%

LR — PR 5 AR T BT, IR R AR TR N 2 RS SRR T i HEBTAE A AR
PR E AL A A K R T A SCHRE I, 7 IE R AT AY PAs TS558 145 07 e A7 O S AT 45 4, 32
IR Ra T, SEZE He B A SRR A IR , BRI 4 23225 )y HY 9 3R1A , PAs RS TR M R0
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