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1 HHEFAZE
1.1 #

LT 19954 2 A —1997 4E 3 A #47. M3k (Undaria pinnatifida) T 1994 %R B
BETESFEY. LHRARFEN S EREGE DT P4 B H R %R
M, BT RRAFEMNE MBS (Pang et al, 1996), BERA. AP KIEH, HEFH&
T PESIEFHM S, £ 25C,30001x, 12h: 12h REERAM KM TIEH. B -8B
FikGE, AELBMH,

1.2 XBHZ*

1.21 ARKWHBLLE  EPESIHEFBEFIHMA CEY, CE M Zn ", HIREBHK
KX 0,1,10,100,1000pmol / L. FALE A 100ml = /A MK, 3 W S0mi, BL F4K 150mg,
7£25C, 3 000Ix, 12h: 12h EEREAM T IR GEF. 87 XWUE - RKELERTFHRER, i
RAMBSHERAMBTSAE FETHSE. FEFRSHRKREES AT FHNER
BeEESE, BT —KRHE.

122 ABMHEHRELYE  EPESHEFRE P2 HMA CP", CE* M Zn® ", FIKE K

KA 0,5,20,40, 60,80, 100umol / L. &KL H
A 200m! = £, 3 W 100ml, BCF 4% 500mg,
ESEKMEMHFNRGETER. B4XNE
—RKHERER AGER WERAF_BY
8. HRE SR Amon (1949) W T EWE, B
NUBZERHERTERPEHRENBREE
(pg/ mg) Fm; A HEHE BRI E (M5
FE, 1985), A EERHNERBERMHFESE
AN B R SR U R A umol / (mg ¢+ h)
T BERSEEER BRE (1990) M F &N
E, RN ERMERTASHERMEEER
(hg/ QFM A B EBRENRMEIFE (1984) 1
HEWME, AU RHER FARAIH BN
24 BE /R ¥ (nmol / g) KR,

R AR A 2R SR TR AL B
IKRER,ERNIKEENTFHME.
2 #R
21 3MESREFHEKNAER

IMESRHEFABEREFARER (W
g) MBI AR . Cu™* B 0 16 3R 3,
WE R lumol / L B HIBMRBHE, E8E
KB MBI W 7E 10pmol / L ¥R E R, AL F
HARKILFEIL REELHEMMBA LK,
C&* MBHRMFEMHE L C’* HRE, &
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Fig. 1 Influence of three heavy metal ions at
different concentrations on growth of U.
pinnatifida gametophyte
—0—%H; -— @-~ lumol/ L; —O—10umol/ L;
-0 ---100pmol / L; —®— 1 000umol / L
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lpmol / L B, C&* I EAH R #FAE KR VER; 7 100pumol / L B, B REFEMHEKHE Y
218, BRR L MHEEE. 2o’ SHEHER TR FE MRS, 7£ 100pmol / L &, B FI&H
A RKAPIRIERS; 1 000umol / L&, Zn** EXRABEHE(E 1).

3HESBRETFIEFRETFTANSESAENEBKER X, C* M Cd#
2R B0 BE AL S B R T B MR A AR, BN EM B A KMMEE T (Cv** 10pmol /
L; Cd** 100pmol / L), LB B FHRMNAE LK. BLAAME MK 21d), EKVEL
L. HEABREM EZAHATHR. A0 ERFREKE2ELHERELE S, N
RIAIMTFURZEHREBEMENGE; THMETRE, FLARESREE, AEDH
W, XRBRAIGAENHAEKEET, EFAHERTR LR FEH#ENE
A.

Rl IHARAREREMAFHEEREFETRRIBRASEROEW

Tab. 1 Influences of three heavy metal ions at different concentrations on chlorophyll and photosynthetic rate
of U. pinnatifida gametophyte

WEnE @ EEHE " & B H T K F(umol/L)

(d) B F 0 5 20 40 60 80 100
™t 79 74 6.4 5.0 48 41 33
nt 4 cd* 8.1 8.1 76 67 6.9 6.3 6.3
Zn™ 8.4 8.3 8.1 8.0 7.8 75 7.1
% o 79 7.0 6.1 4.5 3.2 2.1 1.0
8 cd* 8.2 6.9 6.5 5.8 5.7 52 6.1
9 Zn™ 8.6 8.2 7.8 78 75 7.0 6.4
Ccu** 7.9 6.3 5.7 35 1.8 1.4 0.4
1 12 cd® 8.1 6.4 59 4.7 4.5 5.0 43
™ 8.4 8.2 7.3 7.3 7.0 6.5 5.2
B ot 76 5.7 4.1 21 1.5 0.8 0.4
16 cd’ 8.0 6.1 5.6 44 46 46 32
zn** 8.4 8.1 6.8 7.1 6.5 6.2 48
o 124 101 76 67 53 42 31
4 cd” 128 120 113 103 98 86 83
¥* Zn™ 122 118 120 114 112 104 108
(o'l 125 83 54 41 18 5 0
& 8 cd” 126 110 101 89 83 75 80
™ 124 115 114 106 110 108 104
#= (ot 130 72 38 29 8 0 0
12 o 126 93 77 73 63 59 42
# ™ 125 108 105 118 100 90 83
o 128 65 26 20 0 0 0
16 cd” 124 89 73 60 54 54 49
Zn™" 126 110 108 105 97 89 80
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22 HEERSBRMASER

# Spmol / LCu " WE T, AL 12d &, BB FHEM M SR S B LR 203%, 5 &
Rt B PR 44.6%, MBEACHYHE GR 1), BEERBEA (4d)EEB FEF&
HFIBRL, Cu? W E AN 25umol / LAER. W RAEE R SFEEK/DBIEMERX, Co* xfu
FENOECAVE R HI1E A 5 403 Bt ] g IE AR 55 49 4% SUE B B, = Y BE S R 1] (80pmol
/ L, 4d) B9 3 PR T W K it B] (Spumol / L, 16d) B EEHE (R 1), Zn® " XTBH R Tk
MR EMLSERMEERAARHE, 100pmol / L A3 16d, HE X ST B TR 42.9%,
HEER TR 36.5%(F 1).
23 HEBRAA-ESR

GERFW, B QT IRENE MK E - ELAEB R MK, FERAN _BSE%

2 INTAREESMEFTREREFEPHAR TR ROTL

Tab, 2 Changes of proline and malondialdehyde in gametophyte of U. pinnatifida at different concentrations of

three heavy metal ions

W2 B ] HEER E &4 B ® F ¥ E(@umol/L)

@ B F 0 5 20 40 60 80 100
ar’* 140 159 203 327 - 430 539 635
4 cd™ 152 148 189 186 205 236 292
] ™ 135 136 128 133 132 162 186
™t 142 182 246 402 512 603 0
£ 8 cd™ 148 140 141 208 237 249 343
Zn* 139 135 134 149 154 171 215
& T 140 221 296 461 535 0 0
12 cd 142 151 182 226 251 261 390
& Zn™ 141 143 155 162 176 170 208
cu™* 138 286 362 502 0 0 0
B 16 cd* 146 145 208 21 241 281 435
zn™ 143 149 163 193 202 205 243
o 29 5.2 10.4 17.7 25.6 333 40.7
A 4 cd 3.1 32 32 43 5.1 7.7 12.6
Zn"' 29 3.0 3.2 43 49 5.1 6.1

-l o 3.0 6.1 16.5 221 352 422 0
8 cd 30 3.2 3.6 5.0 6.3 8.4 18.3
3 Zn*" 3.1 3.1 32 4.5 52 55 6.9

ot 28 6.3 20.1 33.1 413 0 0
& 12 cd* 30 3.1 3.7 6.3 82 10.8 276
Zn** 29 3.2 34 4.9 57 6.1 7.6

; o' 2.8 7.2 30.2 40.0 0 0 0
16 cd 29 32 36 74 10.6 14.5 354
™ 3.0 1.1 34 5.0 6.2 7.0 8.1
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BB (& 2). 100pmol / L TALME 4d, MEM SR T RAN Y 4.5 1%, F B
P 14 4%, %W E FALE 8d, 80pmol / L F4b2 12d A 60pmol / L F 43 16d, e FHE
SR T, MERANAE _BSEAN AT, 7 100umol / L Cd** TAE 16d /5, Bt F&
NIRRT BANE T 35 A EE M5 2 EREERE T, AERS B RA
ME L7/ A _BYER 2764, TREFHRKT c M cd®*t (8 2).

3 WitE54&iE

LRERRY, S HESRETHETFREFEREHBEINEFRE C®*>Cd " >
o', XE—SREM R E B, Rice % (1973) 1 Rai % (1981) KBTS E KW, R
He R RENFHEMEMELR KM, BB F, RFEEXNYIF R
Hg>Cu>Cd>Ag>Pb>Zn, AR FH, C’* W RAE FHAKN FHMBR, lumol / L
Cu*EHEME R FARL K, 10pmol / LEEBICKE. Bit, EAREKELE T, B
RWEKKEMFHE, BRI QP ISHRMAEE, T C M Zn’ MK /NS
%,

AXWERRY, CE* Ml C&* B H R FRMHFESBARSEANERET AR
B, Cu’* HEERTHRERHLEE, FBREEHOBIR. 6 RKEE. & T4 3RMEK
(Sorentino, 1979). B, 7E Cu** BHRE T, BHREFABRERERHE G, BIKIE
T, CE"MARELMHEARSREBEAENER. ARABRMEEGERSERIARY
MBI (Kremer et al, 1982), BTl BIEEFERE T, R FRBARAHESLL, R
REGMRE. KRG T, LT R4 FHESBIA. X5 Markham % (1980) IR 4R
—3.

TR RRAT RS BB Cu’ A1 Cd® o B n AR AL e 18] A < T (B S A, X AT BB R
BFARAREENRE. BERMENEZHERERRBRERTREAREMNRE.
NI mRAMRES MR, XEHRYREHSETERBANESGERTH
FATHE, RETERZGENY, TUBBGEERENRKRT.

10umol/L Cu** BiRBIB KM FARNBIRE, WU AMBERES, L 58F
ERMEOEFKNIIMNREEBARES B E R AR AMM. 100umol / L Cd** 7]
EBPRFMER, HEFENHESLH CE* MK TR, CAHEHRHEN C’ /M,
x40 ML B 45 /D, WT BB E S B0 B SRS TR SN IR S AL 0 IR A R RE AR
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A STUDY ON TOLERANT CAPACITY OF UNDARIA PINNATIFIDA
GAMETOPHYTE TO THE TOXICITY OF
THREE HEAVY METAL IONS

HOU He-sheng, LI Ning', WU Chao-yuan, LIU Hai-hang
( Institute of Oceanology, The Chinese Academy of Sciences, Qingdao, 266071)

t (Department of Biology, The Hong Kong University of Science and Technology, Hong Kong)

Abstract Sporophytes of U. pinnatifida were collected from Lidao, Weihai in 1994. Gametophytes
from the sporophytes were maintained in enriched seawater. To investigate into the effect of heavy
metal ions on the growth from February 1995 to March 1997, the gametophytes were cultured in
PESI medium treated with Cu’*, Cd’"and Zn’* at 0, 1,10, 100, 1 000pmol / L concentrations. For
the study of the influences of the metal ions on chlorophyll content, photosynthetic rau;,, proline and
malondialdehyde (MDA) content of the gametophytes, the PESI medium treated with the ions at 0, 5,
20,40, 60, 80, 100umol/L was employed. The culture condition was 25C, 3000 Ix, 12:12h light: dark
cycle. The intervals of measurement was 7 days fer growth and 4 days for physiological study.
Copper, among the three metal ions investigated, was the most toxic metal ion to the
gametophyte. A 50% reduction in growth took place when copper concentration was slightly higher
than lpmol / L. Growth of the gametophyte stopped after 4 days’ treatment at 10umol / L. The
color of the cells changed from brown to green and the cells disintegrated rapidly when cu’t
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concentration 10pmol / L. cd? might facilitate the growth at low concentration (1umol / L), but
started to retard the growth at 10umol / L. The growth rate of the gametophyte was reduced by
50% at 100pmol / L Cd**. The gametophytes died gradually at 1000pmol / L Cd’*. Zn’* had
little negative effect on the gametophyte even at 100pmol / L but the growth was obviously inhibited
at 1000pmol / L (Fig.1).

After 12 days' treatment at Spmol / L cu’t, the chlorophyll content decreased by 20.3% and
photosynthetic rate was 44.6% lower than that in the control. After 16,12 and 8days of the treatment
at 60,80, 100pumol / L Cu’* respectively, the gametophytes died (Tab. 1). The toxic effect of Cd’*
on the chlorophyll content and the photosynthetic rate was stronger in Sumol / L, 16 days’ treatment
group than in 80umol / L, 4days’ treatment group. This result indicated that cdt* might accumulate
in the gametophytes during the treatment period. Zn’* had a much less toxic effect on the
gametophyte than Cu’* and Cd**. 100umol / L Cd“, 16 days’ treatment could make 42.9% and
36.5% reductions of chlorophyll content and photosynthetic rates of the gametophytes, respectively.
Proline and MDA contents in the gametophytes treated with 100pmot / L cu’* ford days were 4.5
and 14 times higher than those in the controls. In the gametophytes treated with 100umol / L cd*?
or Zn’* for 16 days, proline and MDA were 3 and 12 times or 1.7 and 2.7 times higher than
those in the controls. The order of the metal ions toxicity is a’t>cdt >zt

The results showed that pollution of Cu’" in coastal areasmay cause damages in the cultivation
of the alga. The Ilethal Cu’* and Cd’* concentrations for the gametophyte have been identified;
such concentrations can be used to screen the transgenic cells of the gametophyte, which are
integrated with metallothionein gene.

Key words Undaria pinnatifida Gametophyte Heavy metal ions Growth Toxicity
Subject classification number S 949



