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. BTG RRE (Sargassum thunbergii) T 5T 8 SR F TG EAE
FIRE S B9 AR AL R ATEAC R SRR LI, PR B A R AR B AR AL AL
B AT T pH SR e REBERVDCEER AR &/’ A
B (MDA) & & R yT AL EHE AR . 45 RR M. (1)pH 6.0 55 pH
9. 5/BALEE 24 h J5 R BERVDE A EIRIY KR THE,48 h 5350
H(pH8.5)EREE(P<0.05);(2)pH 9.5 filpja 4L 48 h J5 SOD,
CAT &M BE TR (P <0.05) MDA & 25 EFHE TREES; (3)
HhE 15 BB AL B 24 h, 5 20 5 25 i ibBE 48 h FRIDLEER T
FRT XM (% 31,P <0.05) /18 72 h )5 3 MEBEARIEE E
RAH—ERBER LT (4) £ 20 i kb3 24 h J5 MDA & i5% ETHE
TR (P <0.05),SOD ,CAT jEH:H 24 h &£ 48 h it A —EIBEN LT,
EhEE 15 a3 72 h j5 MDA B FF+H(P <0.05), 1 SOD,CAT & {4
Bffo FTLARH pH fhia i B BOGE1E FIRE I RRAR, SR ml 6 B A 32
BIEHEEMAMG. HEN 15 B, B EEST A LERE D BAR, S/ T 15 i,

MR=ER: BHRINBRERESR
W RREBARRERZ , TN
FHRE FHEGRNS
B 5 R DL BB 53 8 6 T
RE. ACHBHEERKS
AR &S GHEH, E
AT pH. b EEhE K F b
BRGESTHEKAZTHZL
VRN T ARG
HERR .

XKiEW: HER; pH; &
HEfERL: AR S
hESES: Q945;5917.3
kRS : A

PIRACRGEXHE VA B R TR PR RE S

B B B ( Sargassum thunbergii) J& T ¥ B[]
(Phaeophyta) By E2#F} ( Sargassaceae) . LRI E
(Sargassum) , R—FhEBERZTHE" ", HA
KAEB EH , R4 SR W e AR e =
BAEH . W RA 22 E ARSI R,
W (8] T 88 GROL E 5 = IR bE  pH KR
JiipiE 45, %o SR BE I A K B K, R
JRHDFIR G S A X H 8 ) SN E R iR
B WX LRSI THESEREER
B

BN T pH 5L ER A E AR HIE B
RET , BIFSE SR IR [R) b, [R) — oA [R) Ak 2R o
FeAERI R pH AT REAR RS, — A o s 35
BN EE, pH /NT 6.0 BiE KT 9.0 Hiaiml

RS HEf: 2013-10-13 {EE HH3: 2013-12-23
ELTH: HERRHEARVFR KRR (2012AA10A413)
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Hh BT 32 R, EhBETE 20 ~30 B ARG ML
EYEFIBE ) ABARER B it K S AL A 1
AT IR K & S EOE HE EEBE A  K
BRI T 040 M N AR R LA & 3 B
BRI o PLE B 55 AL R M £
BHNEATEEERN EERR, AR EH b
B ARER B A R B b 3 AR B A, Hh A FR A
( Aphanothece halophytica) W) PN —. & &3, |6
WL EALEE (B EALEEE) W ST &
BUART S, 80 T S hE. BET, AXR
BEAHESHHR FEEPENEEEKSE
B R 5 AERRPFE  mxt FH
WM T ROGEE R a8 ) St AL RE ) i A8
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el e o A SCBRSE T RURBEAE pH L
BEM3E T BOtE 1R R 1 R T LR R B35 T,
BB R SR S A T aE R R 59T
WL o

AR T

1.1 SRBMERIEFRTE

SHARERER BE B A B AR, 2k
e R B 5635 R4 81 5256 %, A I8 K
KB T & LR — A, g R E
4520 C, 658 220 pmol/ (m”® « s) , BEFRW A K
WK, BHRERFRE: (1) RELLIEA (pH
6.0) ML A (pH 9.5) X HR4 (pH 8.5)3
ANERBEERBEZH 5 (2) 2R FE 2 25.20 .15 b3 2 A%
FRZH (FREE 31) 4t 4 L EERR R A AT 1 57, HiAtl
RS, BH 3 NPT BEEREELEE
FRIHEAT , BRAL R 53 FRAL i) pH B T+ 155, B
SEFRAFE A WS, D I R B iR 22, &4
6 /NI — R EH T 4F pH BOBE IR A
RSN R EILF W, SHNEFRIT RS
24 /N BGER 43 R BRI 8 R WG E 1R, IR R
IIRPRRE URIRAF (- 80 C) AT Fl 2 % MDA
OB AR T, EEREE 72 /e, H5R6 d
il AREREAREE.
1.2 WEFZE
1.2.1 RULAVERNE

FABAHAFE AR (Hansatech 32 [ ) ] & il 2 %
RIOLEHER, RN RIRE B ERKE RS
1 (Julabo 78 ) R 20 °C, ) ML 5K K EH
K, EZEmRMAREZZEL, B A
WS BUE
1.2.2 ARERNE

%8 JEFFREY il HUMPHREY'"’ 1 ¥ i #f§
S50k, FH 80% I PIRYA WOBT S B R E TG,
4 000 r/min B> 15 min, FENEE EXOEE
o FIUV-2802 Y5 HhA] UL 43 0% 06 BE 3 % v
WAE 664 nm 647 nm,639 nm,630 nm,510 nm,
480 nm L BOLEE  # AT AR5t E MR
a JHEREK o MRS D RIIKEE

M2k E a WE (mg/L) =11.85 xAg, —1.54 x
Agy —0.08 x Agyo (1)

4K ¢ #E (mg/L) =24.36 xAg, —3.73 x
Ages (2)

KA PEREWRE (mg/L) =7.6 x (A -

1.49 xAg,) (3)
B (1) .(2) . (3) A (4) 2,5k B
REAGRITEIE.

BREEI(mg/g) = (pxV)/m (4)
R A R B RV BAE 664 nm 40 B WY BE,
HoAth A (E A ; p RFSRIGH S B REE;V
REOREBEE;m REHARE
1.2.3  PIAERNZE

FRERO. 1 g 2y U BEAPRL, 1.5 mL 425K
(0.1 mol/L B2 2% vp¥ pH =7. 0;1 mol/L
EDTA;1% PVP) fEVKIB &M FHIEBESIK ., 4 C,
10 000 r/min B.0> 10 min, BX EIEWEN, N %
(MDA) & & F S f kY fLEg (SOD) , i &fk
AEGF(CAT) 15 VEY B B @ R B A PR A A
Fl&leE, EQ & EEAZ SR ERNE, 5K
6 3o AR s i R & DA R
1.3 HiEahE

R i Excel BHEHE K 2 1] EIJE , SPSS 16. 0
HEAT B H F 5 2 43 Bt (one-way ANOVA), F
Duncan KEZEHEMEF BEME(P <0.05 F
REFBE)

2 R

2.1 pH.EEMEXNBERERULEERNH
U]

mE 1(a) Fias,3 A pH ARG G H R FE
BFE A HERS 2 T R %, ¥ 40 pH 6.0 71 pH
9.5 24 h JFRWLA HA KR T F%,48 h B 4351
FEAR T 59.72% F162.23% , 5% HE4H pH 8.5 &
W (P<0.05), A]LLE B ERVESCE WM E
PR RERENRIL A #E, HERIRE
B pH 9.5 MW P REBREAELR, B
BAEFREANE, A 1(b) fras,24 h 531 E
15 AR A HEBE FFE(P <0.05) ,[%
TEIXF] 54. 14% ,48 h J5Eh B 25 120 b4 %
VUGB A 1 25 T [, [ 23 39 =i 38 73. 56%
1 71.20% , BeBFERBE 25.20 J% 15 Zb3EZH i 3R W
HE B TFHRAME. 72 h 5 25.20 &
15 A BARINA BB TR
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E1 pH 5HEMEXRERRULSERHZIN
Fig.1 Effect of pH and salinity stress on net
photosynthesis rate of S. thunbergii

2.2 pH.AEMEMNREREEESENZI

WE 2(a) s, B35 6 d EREBEMSE a
SEERHK, Hrp pH 8.5 X IR4 & BB/, pH
6.0 AbFRH Fem o 3 4> pH M GE o FKEHE b
REORZERB/A. E2(b) iR, bEE B MR
M4ER ac, KB MRWE AR EREIKHE
P, FhBE20 fbFEA 3 M ER S BRRS, HIHE
FEESEBEIHSE o, 5 E 31 X RAM L,
MGR . KEFMNRSHNEMT 14. 9%,
24.79% AL FERER 15 BF 3 Fa ESBWFERT
(%38
2.3 pH.HEMEXREZENEL RSN
2.3.1 pH. LB MrE X FREBHEN B (MDA) &
iy Al

& 3(a) iz ,3 > pH 4 MDA & B BEE i
[E#ERS , 258 E R TREM#ES . pH 6.0 b3
2024 h J5 MDA IR & ARG FF IR TR, £72 h
HHREAE T 49.21% (P <0.05), pH 8.5.pH 9.5
P417E 48 h B} MDA ik K1E, AH EL w1 46 1H 43 51
FHE T 34.79% .52.08% , pH 9.5 JbFEL 72 h
BFFEIR 3 RN 44.32% . & 3 (b) fiin, R 20
Ab¥EAH 24 h J5 MDA SRIFH &, SEHmT 1.20
£, BERTHA3 A, REE2HFRHREHE, E 72
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h KT 65.77% (P <0.05) , £hEF 25.15 kb 3g
ZH AT 24 h (%) MDA JGHA 454k, % 48 h FFh KIE
BERE, B 451k 37.55% \56.28% . EhE 15
Rb3EZHZE 72 h MDA B2 B F 5, 45 48 h 1%
BT 2.10 4%, MEA 3 AR E TR E

0.35
» 0.30 \‘/+
2 025 D
50 g
%0'15 PSS
R 0.10
€ 0.05
0
6.0 8.5 9.5
pH
(@)
0.35
S0 — 5%
g 020 s
@ 0.15 e —A— A N
€ 0.10
0.05
0
31 25 20 15
e
®

E2 pHS5HEMENREREERSENTI
Fig.2 Effect of pH and salinity stress on
pigment content of S. thunbergii

10
23
=7 —-pl 6.0
g 6 #-pii 8.5
5 4 —A-pH 9.5
€3
-
g€ 1
E— 24 48 72
/b
(a)
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%"10 - E31
g 8 w05
£ 6 —A- b RF20
i —<£hfE15
4o 4
g »
L % 3 72
] /h
(b)
B3 pH 5HEEMNBREER
ZE(MDA) £ E/I%M

Fig.3 Effect of pH and salinity stress on maleic
dialdehyde (MDA) of S. thunbergii
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2.3.2  pH. Eh B i Xt BB B8 AL Y I
(SOD) V& 1 Hy e

& 4(a)ff~,pH 6.0 AbHEZH SOD 15 bl
B E] RS 2 L T Rk AR LR BE B/, pH
8.5 Xt HALL SOD J&:7E 24 h i H B T[4 48 h
I RIEEE EFb, pH 9.5 kb3 4 SOD & #:7E 24 h
KIGEREAR,24 h 5B AR, Z72 h 6 LA T
46.30% (P <0.05) . B] VLA i 2514 T B2
B SOD 5PN T () 33 38 DA HE A 135 1 B0 B 1Y
Bt B 4(b)Fim, b 20 4h3E4H SOD JFEH#: 24
h % 48 h BF B B 7, 1R BE N 32. 54% (P <
0.05), *hfF 25 kb2 SOD yEtE—H 2 T
P EIEREER/N . $hBE 15 434 SOD JF 4 24 h
/N0 BE B R, 48 h B R IR R B, BEIE
24.47% (P <0.05) , 0] WLEL B 15 kb7 48 h J5
SOD 1% J1 7] RB 32 B T I 3h BE Joih 38 Fy 41 o 7 35
PEFEAR

250

= 200
E 00 h
g 150 024 h
Eul @48 h
S
w2

50

0 6.0

250
“w 200
N (o o0 h
S 150} | g 024 h
o
# @48 h
5 100 ®B72 h
(=)
&

50

<

4 pH 5HEMBEXRERBENLY
Iz L B (SOD) & K7
Fig.4 Effect of pH and salinity stress on superoxide
dismutase (SOD) activity of S. thunbergii

2.3.3  pH EREFhERT BUR B A L S 5§ (CAT)
TR

InfE 5(a) firzs, pH 6. 0 AbPEZH CAT 75 1B
BN EHES — B2 TS EREER D,
B (5 MK K. pH 8.5 XJHR41 24 h £ 48 h

B CAT \EHEREAS,72 h FHIA—ERENT
W&, pH 9.5 4b3H4H CAT iE 1 —H 2 EFhias,
48 h 24 h it FHE T 1.73 4%, F 72 h 35
FTEME . BERTIL,48 h 5 Rt a4 T R
FBER CAT FEHEAK P TE K. B 5(b) BT
7N, ERBE 25 AbFHZ CAT 3% 24 h JFEP I Bl B &
LT BN T 1.30 £5, E 72 h B — B4R R K
-, EhBE 20 AbFA, CAT ¥ —H 2 E T,
48 h JE IR 2RI, 72 h B TRoRE. EhEE
15 AbFE CAT T 1 il 5 B[] () 4848 2 W 7 5

{BAE{IRE BRI
7.00
6.00
g 5.00 a0 h
2 4.00 m24 h
35\& i @48 h
'é-:c( 3.00 72 h
S 2.00
1.00
0

8.00
2 7.00 i
3 &0 g a0 h
?B 5.00 . @24 h
k o F
39 ]
S 3.00f

2.00f |

1.00

0

HhE
(b)
5 pH f#:EME RERTELSEE
(CAT) E R
Fig.5 Effect of pH and salinity stress on
catalase (CAT) activity of S. thunbergii

3 Wi

3.1 pH.ZEMEXREEXSERMZM
MEBEEAANEPERSZERE OL
M8 ERBE \pH SF3R 5 N 7 B, JUHE TR
STEXGHZBNNERN TR P8 1 SL% AT A
& 7E pH 6.0 5 pH 9.5 Mgk i Ir 1 B B
24 h J5RIDLA B B HE B HIFEAR, T ELRE
HHFEHER 5% R4 pH 8.5 MER A K, RH
PR YR 5 Pk R 7K R BE X BB BE L & 1R A
ARARHAMEIEF . T o AR s B %
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B, pH 2 ~ 8 F ¥ 7K b B 4% BE 42 3 AL A 28 20
min J5 A IE ¥ B B ARG b, BIRRE (R i
£V T R B K 9 pH. AR 1 P4 , BLINKS )
BT pH 8.1 ~10. 2 ¥ 7K X 25 i ] 45 A 760 g
WRICA R, &S pH K345,k
BRI T, pH KT 9.5 ZFMERE IEAE
% BLL R Tt B8 P30 O R 26, I & A
Zh, pH X B S E a FEEMEBK, RIS
FHIRBMEXT IBAM G Z a FFEAT pH 8.5 Xt
L, T pH X4 ZE ¢ FIREIS b B/,
B pH S [H] 8 T O6-A 8 RE 1 AR 7T B
IR T8 R 7R AR R

7K Eh BE 2 AR AL R BE /N, — R B
HE RSN/ B RN TR 5 T 52 1 ok 03 ]
MRS, W08 b BT RE AT AE 4 T G A% 2R B 0
. $hPF 157624 h A REBOCAIER B ER
1%, R 2520 7E 24 h XTI B B E W, T
48 h G BEMH REENCAIER, EEEE
2,72 h SRS R AL 38 40 1 RUR BOE A& 1R B
Fraa BT, BB BB S AE — R VA T
F £ B R 5 R 335 I — R PR BT PR ER BE 3, S A
X ER BE B 38 L BB 1 18 B IR WAL vP 5 i
B, BEEILLERR, REETSE ac MY
B NEHAE BT, B 20 B 3 FEA R
EE . YDA FOR R Eh B R B B 5 SR Bk
W—JE, R BRI 33. 4 R F] 20.2 WG E S
BE FIHE% HE S THRMN AR SBITHR
R FEE AR ARG, X T3 158 24 IR 28 BE T R R i (1
ZHHE,
3.2 pH.HEMENRERERELRSEHEM

ERMEANRZLEZIEMRED " K
B ahpr o) ma R T N SRR
G s Z BRI TR, 2 A2
BTG , A IE B BT 148 (ROS) AR HIL I 4 25
E A, I 1 0K 1 2 P R B 5 X 0
HEARG . TR (MDA) A 25t Ak =9
Z— BB T FIER G 52 AL B0 AL B i 95
Fho ASLIRBIFT &I pH 9.5 AL HR4 B BEFE 48
h PafA Py MDA &5 B84 hniE BEBE K, 7T RERR e
TR PR TR R B A R, ¥ U E i R
BER K. T SOD IEHEZETFIAMI 24 h BT F
W, 2T e BB ALY HE T(0,- ) WiES:
AW BT BRI 28 0, o IR R i
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3| pH 9.5 b FHAH 1 3 1A PR R G , AA SR, 3R B L
PERME X R EAHR AR BRI FEIEM. pH
8.5 Xf FA4H Bk MDA & E#%A 17,48 h J5 SOD
5 CAT {&HE R , RAHABAE T FERE
454 pH 8.5 A BEMKBRMOLEIEMAES, BLH
pH 8.5 KIFFHHA T BB A, pH 6.0 4t
PRLHT 24 h ) MDA BEA 121, AR5 AW T R, 7T
REIE R IR SRR BB/

ERFE 20 4bFHZH 24 h BF MDA A L HoAth 40
EIHE ARG PR T R, X W] BB Ol SOD 15 HEAE
24 h b THARME, A B BER R R @A
Y, SBUEIR AR EROR . T BESS KRB 4R
R R R R KF , BEA Y L H,0,, 7T Rk
Z 3w & & H,0, M-S CAT WEHEwAL TR K
1B, X R ELEE R G R VA A RO R T
P, X BE AR BRI VE . ERBE 15 Ab 3
248 h 72 h it MDA 23 b F,H SOD &4 24
h B0 48 h J5 52 2R B a8 B2 BRI, CAT
EHEE LA ERER K. LU &5 Bk
HHIE A0 6 B Joih 38 X A 26 i S AL R A AT BB 2
H,0, 5IE#, 3 BN RERERE T X H,0, KWE
B BRI CAT, T A W4k A b BEhia T
b A= [ AT (Aphanothece halophytica) CAT i P &
i, APX X§ T H,0, HJHRRE F2A/E A, X U6 B
KPR RIFEZE R, B 25 f3HZH MDA
&85 SOD VE KRR, CAT [E IR FREKL
FKF B R TE AT BB KRB R, AR
SACEERR. £ b, pH R BA 1 R B
EYER R G2 B R B, B 715 3% K BB 1E ¥ 2
7, BT EEEN A&, TS ENEEAXNS
P FAEEE ., LRERRIRBENEA
A BA B 1E R TG YRR BE T, R B B I
HEBREAOCEIEARE A RE MBI pH Ha
JEEIARRBIR A, vT RE 2 pH HYSR IS B #2
AR T P B A RV A £ S 22 5 TR B P
5, e A 1R AR

S E Wk
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Effects of pH and salinity stress on photosynthesis and antioxidant system of
Sargassum thunbergii

MA Xing-yu'?, LIU Fu-li*, LIANG Zhou-rui’, WANG Fei-jiu’>, SUN Xiu-tao’, WANG Wen-jun’, LING
Jing-yu'?
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory for

Sustainable Utilization of Marine Fisheries Resources, Ministry of Agriculture, Yellow Sea Fisheries Research Institute, Chinese

Academy of Fishery Sciences, Qingdao 266071, Shandong, China)

Abstract: In this study, a liquid-phase oxygen electrode system and an antioxidant enzymes kit were used to
determine the photosynthetic characteristics and antioxidant system of Sargassum thunbergii at various pH and
salinities. The net photosynthetic rates (P,), pigment content, maleic dialdehyde ( MDA ) content and
antioxidant enzymes activity of S. thunbergii were investigated. The major results included: (1) P, rapidly
decreased at pH 6.0 and pH 9.5 for 24 h, which were remarkably significant (P <0.05) compared with that
of the control (pH 8.5) for 48 h. (2) Both superoxide dismutase (SOD) and catalase ( CAT) activity
increased significantly (P <0.05) at pH 9.5 for 48 h. And MDA content firstly increased, then decreased at
pH 9.5 for 48 h. Compared with that of control (salinity 31), P, decreased significantly (P <0.05) at
salinity 15 for 24 h and at salinity 25 or salinity 20 for 48 h. However, P, had some rise at salinity 25, 20 and
15 for 72h. (4) MDA content increased significantly (P <0.05) at first 24 h and then rapidly decreased at
salinity 20. And both SOD and CAT activity increased significantly (P <0.05) at salinity 20 from 24 h to 48
h. MDA content increased significantly (P <0.05) with SOD, CAT activity relatively low at salinity 15 after
72 h. Above results indicated that photosynthetic capacity of S. thunbergii was inhibited at pH 6.0 and pH 9.
5. S. thunbergii was damaged by reactive oxygen species ( ROS) under strong alkaline stress. Antioxidant
enzymes eliminated ROS readily at salinity over 15, but had low activity at salinity 15. In a word, these
results revealed the change of photosynthetic capacity and provided reference for the regulating mechanism of
antioxidant system response under adversity stress.
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