41 H3 Wl B % U R Vol.41, No.3
2020 4 6 H PROGRESS IN FISHERY SCIENCES Jun., 2020

DOI: 10.19663/j.i1ssn2095-9869.20190225001 http://www.yykxjz.cn/

BWh, RN, SR, TR, BRI, KR, BEE, FEOE. SRR XM TR b S L R P 5O A R Y
R, WOl REBER, 2020, 41(3): 119-124

Xu H, Xue SY, Li JQ, Ding JK, Huo EZ, Zhang WW, Mao YZ, Fang JG. Effects of short period high-salinity stress on antioxidant
enzyme activities and photosynthesis enzyme activities of Gracilaria chouae. Progress in Fishery Sciences, 2020, 41(3): 119-124

A HRMEXRIE NS LEEENE
R E RN

tow BEE Fhem T THHY
EEED KEZTY BEFM s’
(1. AR EDK BB TE B sl BE i A A H Ol TR S R R T R IR

W FRSASHEESATLRE HE 2660071 2. FHEERESHEARRX S EREREREES
S5IREREINRE I E  H 2660715 3. RIS MGER B 201306)

BE KA Lo A ATk, MR T ML #E (Gracilaria chouae)H x B i M Xt 42 ] & 3k 28 9 o
B, BENREGHMITENEMFE L E R EREESKIE, LHRE S MBREHEE0, 45, 50,
55 f160), HREARIEREA, X T HHAE 0.5 h X EKEKIKE 12 F124 h 36T & A LB
fotAEEEN Y., £RET, 5EME05h A, MEEWAE, WIENHAE T, AL
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&30/, BT IR E I o (HE R &G
PEEUR RS B B0, T BRI RS BRI
YRS RE 7 70 il da it 58 5 ) i R o X v A
YIRS A B, R a0 v] S8 A A A o P S A
& B A0 (Heidari et al, 2011), 75K RIL1 3 10T
gLk B, R R A0 25 R EEAR P BT A A T P
Fhi (2254, 2019; Kumar et al, 2010), Hi 8 (LG
TEPE S W P 2 R A A Y A G
(Dummermuth et al, 2003), TERGHL, Witk
th—2 A ARG BR RGOk KR IA NS Z A B 3,
HEHT A ARG, DTk G AR . R PR R
B A5 B A ALY B AL (SOD) . i A AL W il (POD)
i S b UG (CAT) S5 il 2 Bt S8 1k & 58 A4 15 P 3K 1l
. S N ZRIIH IR S N AR B B E L R S

T SR E S0 A RO AR, Tk
WA R E R i 566 VE F % YA OC (1R 5,
2019), fEhE T, MR KA Ky T, Jeh
VBB 1 5 2 AR N D6 A B G 1A G (Kaiser et al,
2015), WFFEEMW, MAEBKEET, SCaERK
TS PR ACE T A DG, BEEE, g iE R B
HEE(ROS) KEFR, Pra L RGAMEAWLES, 1&g
RS o SR A B, AT BT R YOE A kIR RE
T RE(E B, 2015). R GA B Rk 42 AT LR
R PR K A 3 0 7R A (Hibberd et al, 2004), KA
TR G IRACIHER T Cy b, e R i fE7E
AN—E TR Cy iR, 2013)0 1B R Cs iR IR B #D
7, CoHYBAENEHEE. Ik CO, #MES . JLT
BeA G SRR 5 (2 AR SE, 1999), JLHAET 5.
ERORPNA T, Cy HE P EA B W A KA KoK s
FE 4 FH % (Hatch, 1987).

HAT, A R B X Vs s i o5 e, 2
ARER X HEVEE A L B h B R S  PTA A B E
SR T PR D BRI 9T (4 EAREE, 2012; fRIB1R S,
2014), fH 5 ER 30 X i 71388 52 ) () B9F 5% 34 R WL ARGE o
A 5 3 32 D A (] 7 88 R AN (1] Ak 38 sF i) 6T i T
BYUAALEE L B AR ARG & 2 Ak, BRI
£ 30 X5 e V8 A 1 FH R DG il 1 P 1Y 52 e ) S e
VLB B SA AR TS o) i U0 8 B e (e R4V E T, SR
T 2T ER ML A F 5 SR AL 2%

1 #wREFE
1.1 ##

WETTE B AR T 5 B A" IR 1 5, A%
iz [0 S0 2 o e IR KOR DL KA, TB 25— SR e dA,

KIF KR ik BRI, GXZ FaEG s
FEF (T IR AR TR FR 7 do BEFRIGKE A I
PN FE0 X (EhEE Ky 32, pH N 7.99, TCHLAE W E K
56.9 umol/dm®, JCAHLBEM FE A 2.16 pmol/dm®), 1 L 1%
FRWA 1 g Bk, REEHQ0+1)C, SLIRERE
(70£10) pmol/m*-s, YCHRFEWIN 12 L : 12D, HKE
e — IR IE TR

1.2 RiasE

i ] NaCl i i T K A SR K i, WK
TRERE 2 40, 45, 50, 55 F1 60, WMEITERET I
WER K, SRR RO R A S R —
H)05h )5, BT HRKERKPWKE 12, 24h, &
ACPRBEE 3 ANEE . eHUEERE . AR K —BoER, G
B K IPYE 3 UOEMC TSR K 4, HEA T G ) 5
5, HSRIGEAKAE R X B

1.3 fJEAEXEEEANE

6715 SOD ., POD ., CAT FlIN (MDA )& P
JH R o A BT R S, BT 1 2 AR Sl
FHBEIA 5
1.4 X EBAIHHE < B RN E

MEVTES 1,5- WEPRAZ IR LB (Rubisco) & A F
FRHFBEE B G E , BRFRIETEHCA)TE M FH Melson
iRl RE W =l A= R Y Ny s S AR Faw i = (R E R ol

1.5 HELEMSGITHEST

fii 1] Excel 2013 #4740 AL 3 ; R ] SPSS 17.0
BAFIEAT BN K 5 20 H7 (One-way ANOVA), i
Duncan E# T2 E L, P<0.05 4o FhrifE .

2 #R
21 SEAEMIEIZRENLEXE. MDA FHEH
A

WE I~E 4 Frs, R P8 255 e VT b
AALEEIG P & MDA &1 (P<0.05), Fih40bFE 0.5 h
J&, SOD {EMERfEh B TR, 2 e ARG TH iR
(P<0.05), #hFEN 55 BhikE K. POD ihHEREEE A
THE I sh 28 A (P<0.05), CAT T 1 Btk B T En s A b
1%, {H55 % BE 4 ) 22 5508 1 3% (P>0.05) . MDA 5 2 Fifi
TR 2 S REARS THE (P<0.01), #R 2K 40 B & &
AL, R 55wk oKAE .

WA 12 h )5, MEVCEPUEms R g0 AR I
K1~ 4, HEEREM TS, SOD I 4 & W 7t &
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(P<0.01)(E 1), $REEH 55 i & wfein. POD %Mk
BT E R S 0.5 h MR sh AR Ak
(P<0.05)(El 2). CAT I 1 Bl £ B Tt =5 & 7 1% A%
(P<0.01)(&l 3), EhFEH 55 W& fili. MDA & 578
a5 AR 0.5 h AHIFI(P<0.01), #ERALEE 0.5 h
SRR 4),
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Fig.1 The effect of salinity on SOD activity of G chouae
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2650 W (P<0.05), AN[FAKE TR 3R Al — L Ah 4
TEAN[R) b BRI 18] T 22 53 0.3 (P<0.05) . T[]
Different lowercases indicate significant difference (P<0.05)
among different groups at the same time. Different uppercases

lowercases indicate significant difference (P<0.05) at
different time point of the same group. The same as below
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Fig.3 The effect of salinity on CAT activity of G chouae
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Fig.2 The effect of salinity on POD activity of G chouae

Jolrit 2B )5, BEVK S BRI, SR AL
T 1 3 T (P<0.01), MDA 2 1 81 5 PR (& 1~
&l 4). SOD I P KEKZ i H] A3 i &t 25 7 =5 (P<0.01),,
PRI 24 h I, FlERBE 3 0 i 2 7} (P<0.01), POD
TG P B A 2 s T F 38 i T 5 (P<0.01) , Wk 24 h )
POD i 1 8 sh 748 Ak AR S T B 34 (P<0.05), SR
55 If ik KAE . BRELEE 40 4HAN, SEREEALFEL CAT
T PR A VK 52 B5F ) P 38 D o, R BE Sk 50 T 55 B e
Rk 2 (P<0.01), HRfPR 5 B o] 35 i 7= . MDA
T S5ELALEE 0.5 h AH HLH B RRAK .

EhAMER 0.5 h K E 24 h [E TS Rubisco 757
AL L 5, 2RALEE 0.5 h J5, BEEIREERE N, Rubisco
T M 2 S N 5 bk D i #(P<0.01) 80t 24 h KR,
ER B 1 40 .50 2 60 4H Rubisco I 14 i 3 44 i1 (P<0.01).,

AL 0.5 h 5K 6), EhFEF 554 CA ¥
X AL (P<0.05) , H A 45 Ab B4 5% BRALA 1L CA
SHEAPREM, WE 240 )5, SEARE 0.5 h A,
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Fig.6 The effect of salinity on CA content of G. chouae
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FBE RN T, FEAREDE 4 8 S A
R AR 2 A 2y A MRl L R R A T AR
(ROS)¥: % (Dring, 2005), ROS Wy KEE, &5k
YIS A AT BE R BEIR . DNA 5878 K B 14 Joit P fi
(Bowler et al, 1992)55 A= W45 1 . KA BEISAE Wi 5
Tk —E A fERERR R G, A0 PR
k%, SOD. POD. CAT &4 Ll 1) & G bRt £
(35 P40, B0 4 M 45 475 (Dring, 2005). ABFFEH,
EREEALTE 0.5 h, #EAK SOD JGMEAESREE N 45 LUG B
R TR, EREER 55 RhAERKME, X 54T
(012)I 55 25 AL . SOD BT A AL B HLAAS K2R
BE S —IE P, JLIE PR RGIE XA p9 U el SR
(I S TR TG (B T 165, 1987), 16— Eh B Whd i
FEIPN, SOD {ifi 1 1] [ ol 0 5 B 1 348 oo v, T v
Bk ROS, MIfiis2IXHUAR R EH . POD X ¥
AL G HASR (X W 15 45, 2012), HER a0 75 B4R
A A B S M A BEE S POD i T M () A 2R 45
2006). AMFFTH, POD I PE B R B 16 i 5 9% sh s 1k
D J5 PR T SR , 9 A PR R SR T P e A AR
SZERI RSN REREEIR , POD ANAESE 4 K A%AE T il 3L
[ o CAT 15 1 Bl B 338 TSz i b, AT BEJE R T CAT
ity £ 11 T 5 52 20451403 , 3% 5 85 NaCl vl 5 R IRTESE CAT
i B RAR LR EFLEE, 1998).

MHLAR A oS B RGN E KIS R K ROS
B, A KE AR ALY MDA, Hi g5
20 L PR 5 o 0 S DT 55 | £ e % i Ay e ) 7
HEP, MDA J& i it g 03 5 3 AR B 0 5 AR AR
(EZHE%, 1986), A#sid, #HaAP 0.5 h, HEAR
Mt 45 B, BETTEMN MDA & bl R T

WD R IR R, IR — B N TS R, ME
TLERN AR RRGERA SR EEM, IR
MDA &, MEREERLRI, LR JE bRk
i1Z ROS, MDA &b ER M, S5HmE
(2004)%F £5 BE 8 22 1O i 95 445 SR A — 2

EREEH 60 I, MEVLE AL SOD . POD LU S CAT
e T 1 (A 1P A Nt @ STE N R 137
THAMEERRS, XA YRR RS D6 R
(EAESE, 1989) MMhanfsr ik, P & B ] 38 o
#1Ak SOD., POD K CAT {EM:M W F+#, MDA 36k
WEERAL, FRAME LG, PUAEEISIE M,
BRI R OB AR E AR, Kt iR ROS, Bk
BWIKE o BEIPUAAEG R G MY 2 o) A e 4
Y EE & (Dummermuth et al, 2003), $i &AL 2R 4 5%
VFAT AR D BP0 e b, (AT B2 A AL B R 48
FRANER FE e AL ) T R ARSI Tk —B 058 .

32 EREEHLOEMEIELSIERAEXESE
IRl
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LA A R S A 5 47, AT 3 T AR OG5 ik [ Ak
RE 1 TR o 52 m G4 AR T B 4 b A 25 DR 5 38
Rubisco M2/ M (Briiggemann et al, 1992). A#F5EH,
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W#fi# (Ishida et al, 1997), Rubisco 1 DL 383564
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BAA ATP BYAER;, 5200 16 LB XT Rubisco AU ,
fifi Rubisco {fPE FRE, HEmxs o~ #EE/EH ™4
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fk CO, Fl HCO; Z [H] i #H B3 Ak, insk TCHLAk 1) 2 1k
it 0% R AL BT, R RE RGN 1,5- 6 PR AL TR 0
(RuBP)RALIE 1, BRSNS, Ni$em CO,
[ %, ARBFgE T, $hAbE 0.5 h, R 45 LIS,
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Effects of Short Period High-Salinity Stress on Antioxidant Enzyme
Activities and Photosynthesis Enzyme Activities of Gracilaria chouae

XU Han'?, XUE Suyan'? LI Jiaqi'?, DING Jingkun'”, HUO Enze'”,
ZHANG Wenwen'?, MAO Yuze'?", FANG J ianguang'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Key Laboratory of Sustainable
Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Shandong Provincial Key Laboratory of
Fishery Resources and Eco-Environment, Qingdao 266071; 2. Laboratory for Marine Ecology and Environmental
Science, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao  266071;
3. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai  201306)

Abstract

The effects of acute hypersalinity stress on the antioxidant and photosynthetic enzyme

activities of Gracilaria chouae were studied. Plants were exposed to different levels of salinity ranging
from 33 (control) to 60 under laboratory conditions. After incubation, plants were then transferred to
seawater with a controlled level of salinity and recovered after 12 or 24 hours, respectively. The activity of
antioxidant enzyme SOD increased (P<0.05), the activity of POD was fluctuated (P<0.05), the activity of
CAT gradually decreased without significant difference (P>0.05) but the content of MDA was
significantly increased (P<0.01). The activity of SOD. POD. CAT and MDA reached the maximum in
50~55 psu groups but decreased significantly at salinity 60; The activity of Rubisco, a key enzyme in
photosynthesis of C;, gradually decreased with the increase of salinity (P<0.01). The content of CA
slightly increased with the increase of salinity (P<0.05). With the increase of recovery time, SOD, POD
and CAT activities gradually increased (P<0.05), and the activity of each antioxidant enzyme showed a
maximum value in 50~55 psu groups, but MDA content decreased considerably (P<0.05). Rubisco
activity was significantly higher than that in 0.5 h (P<0.05), and CA content fluctuated with salinity. Short
period high-salinity stress significantly affected the activities of antioxidant enzymes and photosynthetic
enzymes in G chouae. Algae responded to hypersalinity stress by increasing the activities of antioxidant
enzymes, and enhancing the absorption and utilization of inorganic carbon by CA. The alga gradually
returned to the normal level after the stress was removed. The purpose of this study is to provide a
theoretical basis for improving the efficiency of large-scale cultivation of G. chouae, and to provide basic
data for the study of salt tolerance mechanism of macroalgae.
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