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WE. LI KRBT WYFh D B3 (Sargassum hemiphyllum) HWFFEXI5, R LRSS0 T
He, WFGE T 20 I R A ) e T 4 SR AR S T (Cd™") T f A BRI R 520, ) AR A8 Y IX T 4 R s
Pl E AR KIS . S5 BR, M p(Cd”) H 0.1 mgL B, BB EESEATG IS o (Chl o), KWW M
(Car). WIEPEEEM (SP). FIVAMERE (SS). B bl [ H4A/LY)E LS (SOD) Fit A b = (CAT)] &k S5 IRZH
Z I X5 (P>0.05); 4 p(Cd™) H7 0.5~12.5 mg'L' I, #EfA Chla, Car, SP. SS. SOD fil CAT 1%k
PRI (P<0.05). 4 p(Cd™") 7 0.1~0.5 mg-L ' Bf, BEMRAITE B (MDA) B /R B e B TG 1 3 2% 5
(P>0.05); 4 p(Cd™") K 2.5~12.5 mg-L ' I, a2 BN MDA JFE/R Bt e B 35 125 (P<0.05)., PRI, 2k
DRWTE p(Cd™)<0.5 mgL ' FEABIRBBNE, M@ E Cd™ g (>0.5 mg L") S0 3R OGS 1l
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Physiological response of Sargassum hemiphyllum to cadmium stress

YE Penghao, HAN Tingting, FU Guiquan, GU Yangguang, HUANG Honghui

(Guangdong Provincial Key Laboratory of Fishery Ecology and Environment, South China Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Guangzhou 510300, China)

Abstract: Sargassum hemiphyllum, a common species in coastal waters of Guangdong Province, was selected to study its physiolo-
gical response to different concentrations of heavy metal (Cd2+) stress and its tolerance to Cd”" stress in laboratory semi-static experi-
ments, so as to provide a basis for remediation of heavy metal pollution in that area. The results show that chlorophyll a (Chl a),

carotenoid (Car), soluble protein (SP), soluble sugar (SS) and antioxidant enzyme activity (SOD and CAT) of S. hemiphyllum at cd”
concentration of 0.1 mg'L7l had no significant difference with the control (P>0.05). The contents of Chl a, Car, SP, SS, SOD and
CAT at p(CdH) of 0.5-12.5 mg~L71, were significantly higher than those of the control (P<0.05); there was no significant
change in MDA contents under Cd™ concentration of 0.1-0.5 mg-L7l (P>0.05), and significant increase at Cd™ concentration of
2.5-12.5 mgLf1 (P<0.05). Therefore, S. hemiphyllum had stronger stress resistance at Cd*" concentration of <0.5 mg~L71, while ex-

cessive Cd”™" stress of >0.5 mg-L7l will be harmful for its photosynthesis and antioxidant function.
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(OFE 1) N ALIE: 54 IPNE 714 S & i
40 ok, ESTIGEE R, SR Tl ik
L% 3R IV T AT 1 3 DX AR R R B O B 4 T s
Yl T 4 S KRB S T AR
WMT o ABBINMEE T I — s, anfes
DLUETE R Ty = ks e o 1 PE e W B Ik AR 5
o Hk, BORERZ 2= WETE A YR E
BRI K T 4R

BELJRF (Cd) B —FP IR AL A TE R E
LR, EMEA TR Cd WML, Wrl7eism
NP H R, plok R DURIREER I, St
B R A, BATTREIE AT A ED, Mk
R, R EEEERE A D 2R 2 B A
JE ) Cd T5 g AaE ™, R R R I K R 2
VORI T 48 V5 Y 5 A S UM ik p(cd™)
H0~0.58 pgL ', RIZVIFW w(Cd™) FEHKFEH
0.175 mg-kg ', MZMERAE 2 R G BB L S KU
J& TR P S R KA R p(Cd®)
H0.03~0.34 ug-L 1 HihETERZE K p(Cd™)
47 0.047~0.324 mg-L ", O IR DA OK R =
Kok, CAMFREN, Cd” Wi T (Sar-
gassum horneri) G E R AR LI H =D T
W, ELIGVERBE Cd® it i 5 i 43 n i s 2
i 4 S #E p(Cd™™) 4 0.1 mg-L™' #10.5 mg-L'
Whie 245 % 2 T s S et wEge
B, WEME (S. quadricauda) (0K & = Ff
Cd™" [ Hk e 38 1 I T AR AU, T 9 P 2 1 A
p(Cd> ) K 1.0 mg L' B A5 &AM, 25k
p(Cd™) ETFTIE/N, PORMREXHEW R cd™ BA
BRI SZ 2, FTTAZ p(Cd™) 1.0 mg-L ™,

2L BB (Sargassum hemiphyllum) S J& T4
Wi, BREEA. SRERE, AR T
W, AT RESAR . WA B8, WA
B, AUAT FH TR i A S Rk, 38 W AR AL
KPR BEEEFRICE, XKL NG &k
FEEH, BRATBE S ERGEGNEEY M
— et B T 3 MR IR R R
RN - 1 B g A K M AR B R, ASE B AR
2V BIE 5 S R I T R T A S {1 Tk vk R A 5
F [p(Cu™)<0.05 mg-L '] I5 YL 0 A s 2

B, G A LA A2 TP T R A i Cd”
TR BT ARGE .

ARSCLAR T ISR - B 2 8 %o
%, HEVF Cd ekt S RS @ T
VARSI ORISR TR R A B A A A
PREGECNE , D) iZas A B R B S b [ AR T
i B R 15 Yt AR A A

1 MRSk

1.1 EIedrsd

T IR IS W ML) 5 R (B SR A e
R, IR EK P RERF I Be pE I K P 5 T
ool N 8l 5 0 7 NN R b e 1] 2
Yy, FCE TRE A RIEK KR (20£2) °C, hRE
33, pH 8.0] W/KIEAR & F%, HAOLR, JAh
12L: 12D, 24h#—WK, 24 h REKi75.

SRR A RDIE HARIMEK, 2 0.45 um JEE S
UEIE AT R R K AR, IF 4 2 SR AR
MK ERBE 33, pH 8.0, p(Cd™") RFHJIAIFE T
WM EE I E , TR R (0.001 pg-mL ™),
%M GB 17378. 6—2007.,
1.2 XWiEE

T R 7] 955 400 1) 2 - T 2 o o A [ O
(1.50+0.01) g] A BAHEIE D, S50 4 7 ik
AL RSB Cd™ A T BRI RS, 43 B
H01mgL ', 05mgL "', 25mgL 'fl12.5mgL ",
KA NGRS IR, MR E 3 AT, &
F 20 °C. Y&k 100 pmol'm s . JEHAJEI 12L ¢
12 D i) GXZ B READE IR FEA8 bl g%, SR A
B0 2 h N TR SRR IR A5 . Segn et
0.lmg'L"', 0.5mg'L", 25mgL ", 12.5mgL"
AAVRBERREE, RIS TER Y . PR s |
JEE 15 YL LR RN 32 25 R BT 1 L o

SRR 0. 4. 8L 12, 24
FEE 48 /NI HR AR 80 °C R WRIRAT, FFllaH
ace. X I izy I
1.3 WRAE

1.3.1 JeHEE M4 FK a (Chl o) MIEEHE MK
(Can] WoME SRS F1 Wellburn™" #

Jiik, BREE 0.10 g Bl o B s m A A
B FIBRFREE , FHIER 80% PR 10 mL fF %,
WFEE B R 5 BT 4 C W ASEL 24 h, 1€ 4 000
rmin | F B 15 min, WIS, A HAE U
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K 665 nm. 652 nm. 510 nm F1 480 nm 4t YIS
i, AT Chla Fl Car RS (mgg )
Wenta = (16.29 X Aggs — 8.54 X Ags2) X V/IWx 1000 (1)
Wew = 7.6 X (Augo — 149X A510) X V/WX 1000 (2)
K A HWSCAE, v RN E AR (mL),
W RBEAREE T (g)o

1.3.2 WIS E (SP) M RAH RS L il

B ORI .
1.3.3 AR (SS) MIE S Koehert™ iy
Wy-BiER L, R 0.30 g Hrfetfnt b sl hn
AJGE 7&K (0T 20 mL) BFEL S, 80 C
fEIR/KIS 30 min, FRRHIGHIEER S 20 mL
FFAW . GE AW, FFMA 1 mL KK
FIF 5 mL YeHREE, 7F 485 nm PR M H O (A

(mgg ), HEARR:
wss =CXV/Wx1000xa 3)
Kp C MR AR & P A E (mg);
VR SRIBGRATR (mL); a o WA IR (mL);

W AR S EE TR (g)o

1.3.4 PrELEE (SOD Ml CAT) JEPEAIN
(MDA) Ml R e At e R e I
B E ALY LR (SOD) 11 (A001-1-1), HIEE U
BT T U ) e i AE Ak AU (CAT) T 1

Mr, 38/ B 3% 255 (LSD) Hdi 45 kb B4 [A]
)22 5 (P<<0.05); ZLFREE /5 ] Origin
9.0 2K

2 R

2.1 CAd BMERT M D EENLSBENHMN
Cd> st X2 i T R B DI & (0 BB A —
TEHEMEFT (K 1), 7E p(Cd®™) 0.1 mg- L™ i
1, w(Chl a) 1 w(Car) S5XI A LR FHEHF
(P>0.05); 7 p(Cd™") 4 0.5 mg-L™" #1 2.5 mg L™
AT, SLIAS R w(Chl @) Fl w(Car) BEH T
XFHRZH (P<0.05), w(Chl a) 43538 9.9% #i
15.8%, w(Car) 43 3341 15.4% F1 27.9%; p(Cd™)
H12.5 mg-L fOMHAL, 76 4~12 h SRR
w(Chl a) F1 w(Car) 2 ZE K T X B4 (P<0.05), 12h
JE R R, 7ESCR A 48 /NI w (Chl a)
Flw (Car) &= TXHRAL (P<0.05), 43H3m T
10.2% F1 12.1%.
22 Cd”'BhExtEH DEER SS 1 SP HE
Cd> e 2 - EL R 3 SS 1 SP A A —
SEAEHEER (B 2), 76 p(Cd™) 4 0.1 mg'L ™' fala
ZHrh, w(SP) SXTIRATC W E 25 (P>0.05), w(SS) 7F
5 4~50 24 /NI B 35S T IR (P<0.05), A

(A007-1-1), P51 (MDA) R SCERIAAI QR 48 /MK FIXFIRALKF (P>0.05); TTE p(Cd™)
RELHEZ R (TBA) B5E H0.5mgL . 2.5mg L Ml 12.5mg L (a4
1.4 HiELE H1, w(SP) Al w(SS)¥4 .3 = T X R4 (P<0.05), 2f
K JH SPSS 16.0 A X B HAT RN R )T 2255 48 /NI w(SS) 433l LT BREAIG SN T 20.2% . 60.8%
[ %f# control [E30.1 mg' L' MEMO05mgL! I25mgL! HEI125mgL"’
1.0 - 03 -~ .
c b
0.9 b ) I CU
T g o
'ep) 8 &o & daag ad a al
& § aa £ aa 0 ke I a
%3 0.8 ob 7 %,;S.) I T abb 0
B% ', 2% 0 ;
5w ° =2 b
2
0.6
05 L 0.1 ! L L L |
0 4 48 0 4 8 12 24 48
t/h t/h

K1 ERmEE T DR R M2 N R AR
AT S [ — B o ] AN [ b B TR 25 1R 22 5 (P<0.05), S5 KRl
Fig.1 Effects of Cd”" on Chl a and Car of S. hemiphyllum

Different letters represent significant difference among different treatments at the same time (P<0.05). The same case in the following figures.
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Fig.2 Effects of Cd”*" on soluble sugar and soluble protein of S. hemiphyllum
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F17.5%, w(SP)4r5l b X BEZH 4N T 38.7% .

19.3% F12.4%, i p(Cd™) H 2.5 mg L' Bhia
LHXT SS A AR, p(Cd™) H 0.5 mg- L [l
TBAXT SP A MU kR K
23 Cd'BMBXEMHDEERENBRENZMN
Cd” T3t X2 - T J e 48 ALl R S R )
% (K3), XYL AP AL TR PR IR A
AR, UL A 7 AP R
SOD JHHETE p(Cd*) 7 0.1 mg L' fihif 4
o, BRTESE 12 /NGB I & T4 R (P<0.05), H
RGBT B E %5 (P>0.05); £ p(Cd™) H
0.5mg'L"', 2.5mgL" Al 12.5mgL " Haglf,
SOD I i 5 T AR 4 (P<0.05), Z45 48 /)
B, A3 Ee Xt BREH T 16.9% . 45.2% 1 41.6%,
Hrh p(Cd™) # 2.5 mg L %t SOD JE MR A .
CAT &M (U'mg 'prot) 7£ p(Cd>") 2 0.1 mg-L"'
P E LR, BRTESE 8 AN 12 /N BH i i X R
20 (P<0.05), HAEXIRA T W FH2F (P>0.05); 7F
p(Cd) K 0.5mg L. 25mgL " Fl125mgL " B
HAH, 55 48 /NI R T X RRAL (P<0.05), 43l
FEXTIBZH T2 47.4% . 63.9% 1 57.3%, Hirft p(Cd™)
25 mg L AR CAT IGHER MR A,
MDA /K Bt (nmol-mg ') 7E p(Cd™")
0.1 mg'L™" #10.5 mg-L " AYBALLESS 4~55 12 /N
FExT BB ZH 51 (P<0.05), 45 48 /AT 0.1 mg'L !
5 0.5 mg L MHALTE B S (P>0.05); i p(Cd)
J92.5mg L M 12.5mg L g, MDA /K-
1 = TR (P<0.05), 45HRET 5 Hx) iR 2]
B 17.5% . 22.8%. 92.0% F1 67.0%, FHrft p(Cd”)

2.5 mg L iEA X MDA K520,
3 e

IR 8 A A RCBR D A7 Z2 R R B [H T A S )
WIREE . pH. HHRHED, MALZESR
WL st WA, ELVLE (Gracilaria
verrucose). fLAzk (Ulva pertusa)[zs] . WA (Gra-
cilaria lemaneiformis)™" S KANGHENT Cd #AT R
(R BRI 521, 7E p(Cd™) KF 10 mg L' fipia
TA SR AR P A T, B
AR,

ARG, ML EETE p(Cd) K 125 mg L’
Jiipie 4 HP 2 4~%F 12 /BT Chl a A1 Car W BE H
PO TR, B & T = T R (P<
0.05), REEEPIHIR RN, cdmEmELS
VEFIRRE . G55 AW R T TR PR A5 (i Cd® I
TR T DR Mg TSR -4 R 45 4) 5%
WEAMER; R, #2H G0 MY %S
. SEGEASSELELS A NS N &
4R SZHE . Chla Fl Car 2 KAEHOLAVE
EFE(E, Chla &R A SR
B TSR, 5 48 NI ZE R, p(CdH<
0.1 mg-L " il 20t E ¥ Chl a 1 Car & i 54
WA Ve, DRV 1y Cd® X2 nt
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12.5 mg-L™' Pl T2t 2% Chl a Fl Car 5y
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AEERIPTLE
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Fig.3 Effects of Cd* on SOD and CAT activities, MDA con-
tent of S. hemiphyllum
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p(Cd*) K 0.5mg L', 25mg L A 12.5mgL"
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Cd” 22X AR 1 R A S AR B AT
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5L (ROS) M X 5 44 8 1 IR R 55 7 A i 5
PSRRI . S, SRS A KR P A
fLIE (41 SOD. CAT %) i N e 7458, SOD F %
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