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#B A A B AL B (SOD)E M . I A b A B (CAT)E 4 . HLF ML 8. 3T 4 1b 4y B (APX) 7% M A 4 Bt o Ik 3%
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R RE RO REAE AT 1 i 2l , 78 B SR T XGRS e
AAZZUH AR R AWK Z8d, WRE N T
PR IR K A5 A A 22 o 1) 3 45 R (TE SCHR 46, 2008), 4
SR HAR R T R A BT ML . EFRIEI R O,
21 B30 F 515285 (Porphyra haitanensis)/f: K 75—
o FARMGIXK AR BRIRE R A KT,
FEAR A TE HUE I 10 Oy sl LUE BIE, B A
10—11 Ho 735, LB AL AR5, B
KREY) . TEMIHTIE, il 2 e AR dL R, 40
ERMNE R . R W R, XA, K
T s M, B R RAR D, DLIR L A g . FE
BB, AR R A SR 41 B S A T Ak
BORA KA F (BB E, 2002).

R M ERAERKBENRENEZ — bt
FEFM], 15 CKIR M 12 h SGIRA F) T4 B 5
K (Wang et al, 2008), >4 P8 I 2 b 4 49 1) A= 3
V) (L o £ 3 BN e iR 2 S B0 L 45 ) R ) e
B, 5B A 2 FAE AR IO, A4 (A 3R L)
T B A rh A ' 1 Ak 2% S 45 7% K (Fahad et al,
2017) 5 i BE 3o I U] 2 6 TR A48 i o 8 e D 3 3
(Beheshti et al, 2017), M4k 9N it H Y6 G 1
FAM—ASEZSEL, 7T LA WO ) A 415 B0 R it 52
IE AT (RUNHRSE, 2011) FELLHET IR, A5 X IEAR
(Gracilaria lemaneiformis)(Fh& 4%, 2013), FKBELER
(Pyropia yezoensis)(1l%¢ £ 55, 2020)HlIx 55¢ (5K I,
2011) Ao LB Joh 38 FLTRI B BF 98 O A — S a8 o R

18 E Ll RO AR | PUR LR R R 5F

AT 5 AR P AR st A 3

R AR, AR ARG AL B 1 R 45 e 8 38 o 41
il PEAEU(ROS A AE B, B2 i 176 1 S | ke B 0 403 4
TRAR R G2 M A2 A N Y A A 30 (R RIS 45, 2020)
MR L R G AR ROS FEtE 2 IR I R 4,
A 4ERF ROS a5, JF2 SHEY XS BREE 38 1438 1 52
Ji 1 ROS A 19 {5 5% 5 (Nadarajah, 2020), 7EZ
W5 30 R R R VE (2R A, 2017), PR
R G5 MR B AL R G AR P AL R GL (5=
4, 2003), BEIEPTA RG EERBUAMEEDE, W
SOD. CAT. APX #il GR 7, Ef] EZ ML iEFR-0,.
B EAY) . HO, R AR BT, SRIE AR Y BT
WP (B A TR, 2021) . #8416 W) B AL % (superoxide
dismutase, SOD) . i3k Ifil fR 13 % 1L ¥ [ (ascorbate
peroxidase, APX). % {b & [ii(catalase, CAT). Mt
H KA L (glutathione reductase, GR)SE A PI1A A
LA ACE , 0T AERE A N Y AR A L IR

RN TR0 . > ROS LR | i it i
S8R SE 5 TR A = EAE (%7 h4%, 2016), TE3Z ]
IR EA IR A, K ROS SR, ROS FLE
SR 2RI, B LRSI M Al T (T 1K,
2003). WFFEEM, BRI ZEEM AR, PR
R G L5 T B AR (Wang et al, 2019), {HA X
21 7 2250 I E W3t 198 v SO ML A 5 0 R L ARG

AR, Bl RS AR B8 A T PR 5 1 A4
T [ v 7 SR A 0k B R 41 T SR B Ml v
Mo o FF J 21 B S A R HRLRE A g R A9, F 4R S
T AR BT | R AT RS fE R R B
7 S

1 M5
1.1 SEIgHE

SCEG LT BT 2022 4F 11 AR A HRE H
B SR A e U BRI 7 B P I 2K T v I R
DL 2 o 2 a0 B AR I 2 B 5 e o IS S Y AR
GXZ B READCIRE A h /IR, G R 15 C
JE5ik 40 pmol/(m?-s) . pH 8.0, YA 12 h Y/12 h I, %
FEW MR K A RIREEK GRS 30), A0 2 mg/L
NaNO;-N. 0.2 mg/L KH,PO4,-P, 7385 3d )5, iF
RN

1.2 FLBHE

BUE KRS RIFM A B3R, 58 5 MR
(5. 10, 15, 20 125 C)HI7E 3 L KE KR F73
HI (@M 2 mg/L NaNO;-N 0.2 mg/L KH,PO,-P)55 7
HAE IR XA ST FM—3, B3 d#Kk—Ik,
H 3T
121 stgFgkpsomE  EAREE TEFR6L,
1d. 3d. 5dFHBEERI . BEGAHE 15 min )5, R
FHE S22 0% 248 IMAGING-PAM (WALZ,
5 ) 476 R 4 1 (PS 1T )i K & T 7 & (maximal
photochemical efficiency of PSII, F./Fuy) i il
¢k (rapid light curve, RLO)RYIE . F/F,, EIFE LR
48 1 ERIREFE AL BCR M EZ SR, ST T 1Lk
RN B LA R RLC S2PBE , 668 —
S 1t 2R A7 (Ye et al, 2013), 153 RLC WE R K
FEXT B 1% 3 3 R (rETR pay) o
122 HAAEAEWNE  KFEEETEFE 6 h,
5d 5, BEe, SCRINGTK Sy, AR RS RAF T
80 CUKH . MEFEIFEIE H0, &, N
(malondialdehyde, MDA) ¥ & F1 1] 35 14 & [ (soluble



132 ook B

546 &

protein, SP)¥ i . SOD. CAT. APX Fil GR FI7G .
DL A A AR AR 3R F ) & (O PN B A2 0 B R A B
ANSENPEATREI, B BRA SR 3 AN EY) R A R
A<, SOD. CAT. APX il GR F¥ i M B hy it 2 o7 ¢
%2 i85 H (U/mg prot),

1.3 #HFE4IE

K H Excel B % £ s 1740 3, {8 F SPSS 19.0
e TR ) 2R R 2 7 2290 BT (one. way-ANOVA) it
P8RS0, WKl P<0.05. ] GraphPad
Prism {4 & .
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TR #H(P<0.05)(1& 1), 20 ‘CHI 25 ‘CALFRLH LT B3¢
16 1 d B Fo/Fy, (R RIRAR(~0.2), 3% T H A4 4
(P<0.05); 20 ‘CY 25 CALBHAI LT E3RAE 5 d B Fo/Fy,
HBEFE, 510 CH 15 CHMYM(P>0.05), W&
=T 5 CH4(P<0.05),
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Fig.2 Effect of different temperatures on the maximum
relative electron transport rate (rETR,,,) of B. fuscopurpurea
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AN E(P>0.05), FEALFEASE] R 6 h B, 5 °CAHI10 C
AEFRA 2T B3R MDA & i T HAWR A, 7Eab 3
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F15 d 3 I KT HA 4% 2 (P<0.05) .
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Fig.3 Effect of different temperatures on the
malondialdehyde (MDA) content of B. fuscopurpurea
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5d R REST 3 MEEAEY(P<0.05), HAil 3
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wE 5 s, 5 CREFRAILIESE SOD 1%
Ab 3RS (1] Y A4 f 25 B (P<<0.05), o Ath i B2 A 3140



%31

MRIGEAY A5 ILBE X 2T B 32k RIS BT AL R G R H 133

21 B3 SOD &M o i E AR b (P>0.05), HHr 15 C
120 CAhbPRZH SOD 15PEFE 6 h i1 5 d B34 B KT
HAl 45 41(P<0.05).
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Fig.4 Effect of different temperatures on the soluble
protein content of B. fuscopurpurea
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Fig.5 Effect of different temperatures on the superoxide
dismutase (SOD) activity of B. fuscopurpurea
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Fig.6  Effect of different temperatures on the ascorbate
peroxidase (APX) activity of B. fuscopurpurea
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Fig.7 Effect of different temperatures on the catalase (CAT)
activity of B. fuscopurpurea
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Fig.8 Effect of different temperatures on the glutathione
reductase (GR) activity of B. fuscopurpurea
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SeABE S, AR PS IS¢ Bk 115 bR (3 PP 4,
2009), rETR J Pt iy 2800 5 2 72 Hp sz i S B e 5
B AR 8 HOR (B 45 41 5%, 2022; T IRAE,
2018)o FEAFPIHEZME T, tETR oy 22 B N B H
R THEA T3 B R 22 31 1 BELAS (A2 N 5 55,
2022).,

KRR EH A O R A aE ]y, &t
F1CI L BT, e i P 5 BOCH 5 4y B i AR (% i 5
45,2016), MRS SRR, RO A
R AR, W6 4E1E H (Senaratna et al, 2005), PS
T A4 3% P 7 o A 2 B, & R AR B R R
HE 41K Z —. Havaux (1988)& ¥, fiRia Xt PS
ITHC A Wk s AR VR T, o 1 AN AR R g U7 i 1) 2
TRIENRRE AR, HF— 2B BRARE A RON R 76 = iR s
R, EABERILZEL S S BRI AHR TR
4%, 2013), BEHAE(2009)HF5E Bon, & i 5] ik
TSR AR D, R AN MRS, BEfL
PSR s, [RI S 3 S AR 25 40 & AR o2, 51
LR R R, JCASCRIN B IR kA K
KEME, RSB, Bk, 15 CRIHAE
HEAN SIS T AR Fo/Fo A1 TETR oy (I AEFRTE R S 1Y
Ko AIZIREET , PISEUELESS 3 REHHE B & T
W, R B AR N ERR TSN, A KA
ZNE . FEARTFFEIFERT, 2088 KA
Hi(20 L), A I a0 S i K AR /(3 L), AT
RESZIA T 40 BERAERGE IR E (15 C) FHDL AL, 2

Fo/F o 1 TETR oy 75 3 d B HBLF B BV R E AR 25

ULIHLT BSEAER R AR 44 P ik 8 T RGeS 75
i 20 CHI 25 CAEBE T, F/Fn 5 rETR, HTE
6h—1dBHEEFHE, HEZMTHMSY, £1d
FRERIRAE, 290 0.2, SRR BIOLAE

BRCRREAL, BTLEER TR, B 1d LA, &
IRALFR R LT B3 Fy/Fa 5 rETR pax (HE W THE
5 5 Kt EFHRS 15 CHM YR KF, WA
SEREBWHE N B iR, 5 CH 10 CHRMRIRALTE TR, 20
BHM Fu/Fn 5 rETR (R 2 T RS, 3% 5
Kif, HEAT 15, 20 A1 25 CALBEA, 100K AT E]
FMRIEAF] LB R E1ER .

44 B 1 e Pk 5 R P B I R AR RN R AT G
EARRINEE T , AR E R0 AT Re 5 B B ARG
PR G R NG L A A O, T EIRAE T, A
I 483 5 D) = el SO A R s i R & A AR A BT
H, WFELT, BRI A LT Yh MDA, MDA
RS A A Wz — , H i nT [R) 2 S WA i A A7

PR E (RIS T4, 2002), AWF5E AL, 7EARIEGS ©)
HERQS T, 4BKER MDA S5EYET
15 CHEFRAL, (HIRAEARIE T, Bl Ak P A ) A 28 K
MDA & 3% TR, MAE= R T, MDA &&— 4
FERE O R A KT o U B RL R v TR 21 B S A
ZF) T ORI W A, DR R, m R
2T B A K P OR AT G Y EREE R ) - A TE 2 B R
fia T, 2x77 A KA ROS, 48 32 ik A Ak i,
BUISE, AP BT AL R85 T 15 R G s s LAVE
FridZ 89 ROS, Hid @) ROS A BE#E K A %0 i
e, WSS 4A 1L, MDA & I FH(Kumar et al,
2020; Vasconcelos et al, 2021; 5KJT5%, 2011), Fung 55
(2013) & B, S it fa] (4 3438 s b7 e 5 B AL N ROS
P3N XIPk(2004) & B, 7 ROS 75 2 bifl i B2 Tt 5
(8~15 “C) B ¥is 2, it — %] 2 Mo i ol — e PR E
B, H YR (28 (CH 30 CHI, TR RIS
BRSSP AL R A e R AR, Bkt &
(F1%,2003; ZEAIHESE, 2008),

WP A 2R G A I R AR AR B UR A
WA sh B SR AL R GOk B b A A 1 Kbt
AALPITOKT, WEERPUARN 2 A 5, DI iEdni
857 7 AR (TR A 07 AE, 2011), SOD FEZH Y
PR E] T8 — BB ER, B &R -0 ik
JREE ) H,0,. B APX I CAT M GR B $al ] 4%
W%k H,0, (Kapoor et al, 2019), ARUWFFE A, LTBF
FEARIER(S ‘C AN 10 C)FIFE QS OB, Bk SOD
PR B TEEIREQS OB LR MY
18 37 P SRR A i, #RPTRERG SR SOD MYk /G
PRSI 2t S AR TR o N, A BE SR AE R IR MG IR
BT, SOD HHFE R LA, 2023), &
QOINWFFR A B, KR (20, 17 1 14 CYF, K>
J I % (Kappaphycus alvarezii){& Py SOD &4 & % |
Fto Hu 56(2010) &8, =il KR H SOD i 1 ik
FE TR

CAT "N Hy0, 43 i H,O A1 Oy, MM
PRI AR A 52 HaO, IR 48K o S A 3, 76 5 'C R 10 °C
fRIR A AL HR |, CAT 355 1 bifi 25 Ak B (1] %) B K g 2
LT, 1 MDA &AL A . 7EGIRALFE S d
B, 2L B¢ SOD Ml CAT i 1B & WL iRk (15 C .
10 C. 5 C)RIMELTHE TREMESE, X5
i (Elaeis guineensis Jacq.)(#4EHE, 2007), K4
(llex latifolia Thunb.)( F T %5, 2011) . # £ il
(Dendrobium spp.)(X! ¥ %5, 2024)Z A% iR W30 )5 19
SOD Fll CAT {2 fb#a#h—2. 75 20 CLLHET, fifi
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FALPER AR, 20 E3R CAT iM% TR, SP
R E ETF, HEN 20 CHERANELS | L T3
W EHMFRIK, TELLE SN0 = 8 i 2 FEE
HARRY Fo/Fp A1 tETR oy L FFENEH K. 25 CF, 40
B CAT IR AR AN B H IR 4R THE B iR
FE(15 C)ubH .

VAR, TEPLEALRGEHIE, Pudkim R4 bt
H KA A (AsA-GSH)FE BT A AL H ) 1 FH B ol bk 4 o
M, & ROS 74 1Y F B i (M 2k ), &3 R HL0,
1) B k4L Z —(Niu et al, 2023), 1fii APX fif Fll GR i}
SEZAEFR P B G (E A SR, 2014), APX REUETH
Bk HyO,, A figil i 30 JE BT IR I R (ascorbic acid, AsA)
1B Hy0,,GR i fL E AL Bk H K (glutathiol, GSSG)
B JF R B H K (glutathione, GSH), PAXSHi &AL id
(Niu et al, 2023)., APX Fl GR X 4k 744 40 g 4 2 AL
WFETVHEA EEE L, YRR ZBAE
Kk Fid i & EZAEM(Grant et al, 2000), X EE
F5(2010) KB, Tt 76 8 A7 8 TRV IR k36 B
APX Fll GR & PEY i 25 w5 T X B i ihan (42 °C
1 h)fesin E kM A # Y GR 751 (Hasanuzzaman et al,
2011), AHFFEH, 7EERAMKIRALIEA B 6 h fi1 5 d
F, H APX P T 15 CARHA , 78 20 'CHI125 C
AbBE 6 h I, IR GRIGTERE R T 15 CAbB4],
LA APX FlI GR £E 21 TS W%k 15 T ARG i e B 34
KRR T EEAEH.

4 g

TE 5. 10, 15, 20 125 °C, £ZLEHKM Fo/Fy, M
TETR oy ELEMA I 52 BURH IR TH 5 56 B THE R R
POTERFERIN L 15 CHL BN FolFop 1 ETR pax
YIRS AE A= K, AR b, SP & B4, T MDA
M SOD, CAT. APX Fll GR i Mk T4 K
.20 CHI 25 CLLTE 3 d NI Fy/F o 1 tETR o {H i
FART HAWR L, BAES 5 REF EAEIS 15 CH
20 CHHHM YK, BEmT 5 CTHI10 Cdl, F
(6 h), MDA & &7EARIE T (5 CHI 10 C)#m, b
A0 A E] R ZE K (5 ), MDA & 5 78 5 T 2H (20 “C Al
25 CY#F BT, BIRQRS5 C)FURIRLL(S ‘CH 10 C)
] SP 5 JC A i 25 5 H g AR T 15 CHRI20 C4
SOD. APX. GR. CAT {fPEX ATELIR(GS CH 10 C)
RS Cif4E, JUHAESE 5 Ky, B&m T 15°C
M1 20 CH. RHAERTFRERIIER (S d), GR HHELE
25 CHI 10 CAL W3 - F, CAT {iMEAE 5 °CHI 10 C
Wi LT, UL ESSRERE, 15 CRIEELLERM

K, B ESERE IR0 CH 25 C)t B A B
WM REST, FEE MR AR, PrELEE SOD .
APX. GR Fil CAT ¥ & # T WA .
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Effects of Temperature on Chlorophyll Fluorescence Parameters and
Antioxidant System of Bangia fuscopurpurea

LIN Xiaoxi', WANG Wenjunza), YUAN Yanmin®

(1. Schoal of Fisheries, Zhgjiang Ocean University, Zhoushan 316021, China;
2. State Key Laboratory of Mariculture Biobreeding and Sustainable Goods,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract Bangia fuscopurpurea, with high nutritional value, is a cultivated seaweed species in
China. Against the backdrop of current climate change, investigating the response of B.
fuscopurpurea to different temperatures, particularly high temperatures, is significant for guiding the
breeding of heat-tolerant varieties and promoting the sustainable and healthy development of the
industry. This study elucidates the photosynthetic and antioxidative physiological responses of B.
fuscopurpurea to different temperatures (5, 10, 15, 20, and 25 ‘C) by examining parameters such as
the maximum fluorescence yield of photosystem II (F,/Fy,), maximum relative electron transport rate
(rETR,.x), malondialdehyde (MDA) content, soluble protein (SP) content, superoxide dismutase
(SOD) activity, catalase (CAT) activity, ascorbate peroxidase (APX) activity, and glutathione
reductase (GR) activity. The results revealed the following: (1) Overall, FJ/F,, and rETR,,x of B.
fuscopurpurea exhibit a trend of initially increasing and then decreasing with temperature elevation.
Throughout the cultivation period, B. fuscopurpurea maintained relatively high levels of F/Fp and
rETR .y at 15 °C; however, within the first three days, the Fy/Fp and tETR ¢ values at 20 and 25 'C
were significantly lower compared to those of other temperature groups, but by day 5, they rose to
levels comparable to those of the 15 °C group and significantly higher than those of the 5 and 10 'C
group. (2) The MDA content initially decreased and then increased with temperature elevation, with
the MDA content at 15 'C being significantly lower than that of the other groups. During the early
period (6 h), the MDA content was higher at low temperatures (5 and 10 C). However, with
prolonged treatment time (five days), the MDA content significantly increased in the
high-temperature groups (20 and 25 *C). (3) The SP content was highest at 15 and 20 C, with no
significant difference between the high (25 C) and low (5 and 10 C) temperature groups. (4) SOD,
APX, GR, and CAT activities were generally significantly higher at low and high temperatures,
particularly on day 5, compared with the 15 and 20 °C group. With prolonged cultivation time (five
days), GR activity significantly increased in the 25 and 10 C groups, while CAT activity
significantly increased in the 5 and 10 ‘C group. These results suggest that 15 C is more suitable for
the growth of B. fuscopurpurea, although it also exhibits strong adaptability to high temperatures (20
and 25 ‘C). During temperature stress acclimation, antioxidative enzymes play a positive role.
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