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BEZAEHATREXENBAVRNGENELARE, HERAARZINBE ERBELHHA
ZFHW, MAE B E AR NBEREZIHEX . RIFR UKW FHr— W % S (Ulva intestinalis) Fa
Ulva expansa H R4, B EBAEZH, AN TCNEEZZFE . GARLA G TR LA RES T
FEEEME, oM T ELEFIRNEXRE, HREREW, I HLE 5 U expansa 9 5 AF 5
MEAENENBFELEEZR., IHFNC LAREXREHMERNAELA AR Y HIATERARE, 5§
K BEFEREMAR CLARBEXEHRERET FXABENF; AL CHENEE N
~17.1%0~~15.7%0, K HHE KL AERATH B CMC,RELRAS LS, EHNC, LERE X HEF M
REARP, A5 X BEFFEREFMAR, CLEREXEHBERLIAEAAB N LM F AL, 4
BOC G B A —23.5% ~—21.9%, KA EL G A ZTERECRE#T. Wi, BHEAEEFIT

BAZAHTRENRALES, THELEBTRE BLELABTESC LEREE ML Bk
E5 U expansa Y RFARHA, ELXC, LARBEHFEREMNMZ 7,
KR 1 E 5 Ulva expansa; - /* SAf 75 Hatch-Slack ot &3 125 & B %

FESES . P714°5; Q9492 XHAFRERD: A

1 515

S0 2 i W ) Al R R S A R E AR AR R
I, LR S A EESKE, AR EZ R
A TR B TR ) X 3, DL 28 (Uva) 995 R
X, . LI & (Ulva intestinalis ) 2y J5 R R 0 2% 580 48
TH 5 22 A g Sl 3 () 2 A o i, A Sl i
Tl RE % B 25 [ 5 6, F A B PRE AE G, JFIR R
RS A iR, it S B E R, W 3R E
BOEWE# (Ulva prolifera) SR W28 407, 538 (1) 2 &
AMUZBNRE  EFREBFELZ DB R TS, mEH
5 A S MEGHGE ) BT R IAEC, K,

%5 B #3: 2020-02-01; &1T H #A: 2020-05-02.
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R (C)EEEM C, xS H5MEIAEMNTE
20 t2g 70 AT A HGE, B, fEEE T = M dE
#: (Phaeodactylum tricornutum) F1 g [G 15 4% ¥ ( Thalas-
siosira weissflogii), LA K4 i 1] v 9 VO Z A1 B ¥ ( Pad-
ina tetrastromatica), ¥ ] L #] Fl HCO;, ¥4 H [& & 7&
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C, iR 5, I m HOL A RCE . Py
B A R B AR AR AR HL RO, s B S ThO AR S
C.i A KM BN DL Kt & =i, — ik i,
C,AHY RO A RCRRE S T C Y 50%", Hf K
B H A KRR C YR 2~ 8 £, I, A b2
XL )RR R AFAE C 3B A8 LA R AE [k v i) B 2
HE — 2B HR, SO0 T AR A AR K R R R
PLH A B X,

C, Fl C, 18 ) % PR 58 14 3 N7 fig 1 AN, C, 48 ) i
A KR E — Bk 20~25°C, HA MG R4 H FRAY
—2f, 1 C, M) R i A KR 30~35°C, ot G
A FH Bt 25 D' 5 1) 35 00 38 n , A R ADG R e
e, R 5 B RS AR S B C, 1R FR AL
B SCHERREE IR 7. WA R b e AR R
AU TESROGTT R AR GCI I, B WAk B ) B9 T B 2x
U 240 L PN ) RS S IR, 7 A o) A B B T
4 (Reactive Oxygen Species, ROS) ™, 5 It 2 i 3 72
LG BR ROS 1197l Z AHAR IR, 40 8 A A W) B AL 1 ( Su-
peroxide Dismutase, SOD) . iF % 1k #) [if§ ( Peroxidase,
POD). 148 fk Z i (Catalase, CAT) FIHTIR I AR (Ascorbic
Acid) &, W e 7% B 4 L N 22 42 19 ROS™Y, 31X 4K il A
HZ (AR B PrE M, Horh SOD 2 Hit Ak &R g8 b i
0BRSS, AR R B B R At A A
(H,0,), H1 )7 3 T 97 [ Bz, H,0, X 4k £ % POD i
CAT W5 B I, CAHYIAHXT T C; AH Y 8 T 47 Hb [
XA AL e, BAR R IUAE ST A L (SOD. CAT %) i
PEIG I DL K AR BB A AR (PR LR ) (1 38 fine,

BT RO R, A 5T 5 IO 6 9 1] A Y R
A 2 LR W) R i i B RN Ulva expansa 1E R W 58 %F
%, H, U expansa W) B Z= 42 18 48 52 F A 487 JE 0
M B 5245 1] (Monterey ) 1 15 22 YR Bl 4 =23, 78 3% 5 4H
BRI % 22 5 A B R/ NS, XoF 214 b VA B AR
i il— 7 52 m, A O i Btk . AW A ]
BB, @A, it BAMEFREE R T
W& M U expansa 9 C, 5 8 B ( 9% B2 42 W 8 38 1k
fiff, Ribulose Bisphosphate Carboxylase Oxygenase, Rub-
sico) Fll C, ¢ #t Tl CB3% 192 A4 1o =X 7 1) 92 4R AL 1, Phos-
phoenolpyruvate Carboxylase, PEPCase; T iz 4 B 74 TRl
12 2 B ¥ , Phosphoenolpyruvate Carboxykinase, PEPCK-
ase) W1 PR ALFRAE, 73T 7 e AT 5005 IR 8w
NG F, [N T 3 2R i A fL i (SOD., POD) &
H P ¥ N — % ( Malondialdehyde, MDA) fi4 75 1k, ,
MDA &AWk B i FE & A o Ak ) W 1 28729, ]
VIAE A g B ast 40 A0 R B8 DA KR 9 B 0 36 1 AR i A, i

— AR A PR ER B R BU R AL RE T o IR A T
PRXF NG A 78 81°C B2 4K, IR T C AR TE A
Yot & [ Bk b & AR AR TR Al REE: o

2 MRET
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T 2018 4F 7 A 76 Ll R 48 M &5 17 22 F D[R] A
(37.46°N, 121.71°E) R WG W £ 1 U. expansa £ i, %
FokE A M a . Pk b R AR, F I FR K
Ve, B 2SRV R AL 2 W )5, R S BT 40 LA B9
B Y, A ZE GF/F T g B SR K . B 1G5 48
BT E AW KAL, BN 1R 1R IRk, Wi IR
1.
22 EIMEFIR

FHMEFE K F 2018 4F 7 7 26-29 H #ifA], 7
Hp R R 27 g M 65 9 R A A 5T T AR T AN T R
PIRRERBE 53 B HE 77, 4 T 3 DB FRAAE AT, B
M IEFER A 40 g H) SR HEAE S, A 40 L 14 38 ifg
K, PR FRAR IR T ANEK (60 mx 100 m) H (] 1),
K5 35216 K 0 0 Uk % A TG AL 0 R R VAR R 43 R
34.6 umol/L 1 0.67 umol/L. 15 7% W} [] B\ 8 B JT i %]
18 B 25 58, B3I 2 h iEAT — HURE, B B SR A IR
HURE 1.2 g ). A il DR A7 31 -80°C BB AR IR VK AF . H
T 22 BTG A ZH 2N 81°C. B A %E H ot M85 & (TES-
1339R, TES). %57 ifg 7K i FE (PT3003, Anymeter) DA &
B 5% ¥F 7K £ BF (S3-Standard kit, Mettler-Toledo) A% 28 {1k
2.3 EEHNE

PP TS I T 0.1 gORBEE) ¥R VR AR, BRI 1Y
B TE W R P IS S 64700 %2 . Hovh, Rubsico., PEP-
Case i 114 I %€ 43 51 % F Solarbio 2\ 7] BY - # R 4% i

Bl AR T

Fig. 1 The outdoor culture experiment
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R Ak Bt /0 48 B (Rubisco ) 377 £ . 6 12 0 1 =X 74 1l
Fi& 2 AL il (PEPC) X 7 £ ; PEPCKase fY 3% 74 0 52 %
T A AR W TR R T I Tl R A R TN AR K
R & 3 R 09 TG ) AL E SURTE 25°C R AET,
Bk v T 6 41 2R S B FE 1 nmol 348 Ji TR A R i A 122
"% — #% 12 (Nicotinamide Adenine Dinucleotide, NADH )
Ji 5 B i i (5437 : nmol/(min-g)).

SOD. POD i 1 F1 MDA 55 & (1530 52 43 51 5% JH 7
U RS TR ) 5 AL i (SOD) R £ L i A Ak W i
(POD) il i &5 LA M ¥y N 1% (MDA) ik & . SOD
B 6 71 57 52 R 37°C & F TR, R AR RO &R R
SOD #ll ] %8 35 50% B Jr XF 1 1 Wl 4 (547 2 Ulg);
POD 1% J1 A7 58 X 37°C &1, B A4 E N
B B4R 1 ng IR T T 1 8 4 (PR : U/mg( Pro-
tein)),
24 BEALSCHNE

FH 0.1 mol/L 5 % vh ¥ 5 4K 5 , F H Milli-Q 7K ¥
FR G Ve T o TH VRS MU RE G2 VR T % 48 h, 1T 0F
B, B 0.5~ 1 mg ffF 5 AL 5 A 4 mmx6 mm 4 96 G FE
J . VASE R R 2R 98 04 41 KA i (PDB) 14 [R5 2
LU AR s e, 76 Hh B R Be A 6 18 7 2 DR 5 I i A e
[Fv 2= 1% 4 (MAT 253, Thermo Scientific) |l %€ 3
TR 8BC fH .. LI % A E iR 2 /N T 0.2%0 .

8 o SO AR BT AR X CO, FTHCOS [ A X
I e, 25 B2 BUBUR] L CO,, T A5 1Y) 3 A 41 41
81C f KAH K —30%o, 5 3 26 500 F) HIHCO;, JIr 15 (1)
A LH 21 85C Fe/IME S —10%027; PR, 7823 2 b 4l )
FH CO, 1y 5t 7T B 15 % " —3 0%, 21 1] FHHCO 11 vifi JT (A
WAE R —10%0, B2 FIHTHCO & BOGA 7 P 17 BTk 2%
(fucor) TR N

13 13
_ 6 Csample - 6 CCOZ
fHCO; = o3 ~  olI3 -~

8"Cico; = 8" Ceo,
25 HIERESHH

iz ] SPSS 22 Xf 52 56 i 4 o 17 B K 2 5 25 0 b
(One-way ANOVA) . ¢ Ki 55 (t-test) LA} Pearson #f ¢
PEAAT, B3 AR 3A p<0.05. £diE ek H Shapiro-
Wilktest #F 17 1E S PER 5, #H Levene £ % i 17 7 22
FEPER B A7 AFAE T 22 AN TG B, R Welch £
By FRASEAE LAV S (E bR DR 22 2R o

3 45

x 100%. @D)

31 C 5C, X BT L4HE
S IG a FE  V K B AR AR LA 27.4~32.6C,
St HE 5 Y AR AR Y5 Bl R 57.5~1857.6 umol/(m?'s), #i

e (E 25 BLAE 12:000 18] 2). 96 7K 3 B ) 28 1k i 4%
/N(31.2~32.1), Z2IK 5378 R 52 0, i e A 3 B AE 52
Uves i

C, K Rubisco i PE 1) H A TEFE 5 U
expansa AFTE .35 25 5% (] 2A): B HFE 1 Rubisco 161
7E 10:00 F1 16:00 4351 1 B8 T #5448 (27.7 nmol/(min-g)

£100 . 12000 (35
%D %0 A. Rubisco b
B I /" \\\
< 80} = e 1600 & 32
£ 70t ; S s
T, 60 & 3 N 11200 5 129 &
o N v g [ g
S st %W ab § s £l =
£ 40t N ab, 1800 = [26 2
= § a &\ boy o
s 30 -b* % § be '\ ab %
2ol BN KN a B
= [N NN Lo
& 8:00 10:00 12:00 14:00 16:00 18:00
SRAE ]
£ 100 [ 5 pEpCase 12000 (35
g P
= {1600 % 32
2 @
=) g
o 11200 5 129 0
T = !
e {800 £ L26 B8
T oK
3 =
g L1400 3 f23
sl
= - 20
8:00 10:00 12:00 14:00 16:00 18:00
SRAE ]
%; 400 2000 (35
] [ C.PEPCKase a* ] [
23501 LTS -
8 300} bt 116007 132
& / % £
Rl . {12005 29 ©
<200 * . El =
k= } =
_E 150 + b* bCa \\ & 800 % 26 E
3 bc 9 N g
S 100 | a a SIS R
g . B\ iy L
: a 5 3 % X ~§ 400 35 (23
§ D | L20
SRAERT )
— )7 - e - JGiEERE

—a—
B2 PifheREE C; JCHENE (Rubisco) 5 C, XA AR
(PEPCase, PEPCKase) {ii P4 (1 H ZBfL A1 L 55
Fig.2 The comparison of diurnal variations of C; key enzyme

(Rubisco) and C, key enzyme (PEPCase and PEPCKase) activit-

Eme Ul expansa

ies between U. intestinalis and U. expansa
*FR TN WA b 2 I Bl AT M 2 S, RIS LR TR
554 (a, b, ¢) R [A]— Y TR [ I 5] 605 1A 35 1k 22 5
(p<0.05)
*represents there is a significant difference in enzyme activity between
the two species. Different lowercase letters (a, b, ¢) on the error bars in-
dicate that the same species has a significant difference (p<0.05) in

enzyme activity at different times
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H1 25.4 nmol/(min-g) ), ¥ M 16 (10:00) AH L 477 45 )
[i1] (8:00) 34 i1 53.0%, {H7EH/F(12:00-14:00) &
% (& 2A) . U. expansa 1) Rubisco i P & W4 {H ) 7F
12:00(61.5 nmol/(min-g)), fm ) . & i 45 14 (12:00) If:
WA M U expansa ¥) Rubisco 1% 14 (& 2A); #9841
Kk 43 #r, U. expansa 1) Rubisco 1% 74 5 #0855 [ & (IR
BELOGHR) BAEAH OGO R, 5 i EE 0 AH OGP R W
(p<0.01), TMi g ir & A R W F ARG (3R 1),

*1 FAMEELASIEREFELESEE. XBNHEXMN
Table 1 Correlations between photosynthetic enzyme activities

of U. intestinalis and U. expansa vs. temperature and

light intensity
Wi & U. expansa
ZH
T b0 1 b it
Rubisco 0.080 0.118 0.700%* 0.396
PEPCase 0.429 —0.048 0.068 0.458
PEPCKase 0.688** 0.590* —0.648** -0.515*

e #*FIRAE0.0 LKSE (RUI) | 35 41 565 * Fm7E0.05 7K (XU )
ARTE DN

C, < flf PEPCase Al PEPCKase I 1 76 7 i &
B 3 WA B BLAE 12:00, 43 51 4 68.4 nmol/( min-g)
F1 334.9 nmol/(min-g), Lt #] 4R EF[E] (8:00) 43 534 fin 1T
82.8% £ 199.9%, 5t A8 fb— 3 (& 2B, [ 2C); 1R
I A0 56 M 43 Hr, PEPCKase 36 P 5 i % | 6ok 2 B 3%
IEA KRR (p<0.05) (£ 1), WM T, C, X i i
PEPCase fll PEPCKase {ifi 4 7£ U. expansa "1 1748 LR
& 2% (| 2B, & 20), ifi H. PEPCKase 1% 14 5 i % . %
5 I A DG OE R (p<0.05)(F 1), Bl ok, &
1R (12:00) A BEUWS1E T U. expansa C, Yo & 1E &AL
1R Rk .
3.2 FMREXEYIM §°C THHFE

LA SCHR BRI, C, I C A Y 8°C BUE
Rl 23 1) A =35 %0 ~ —22%0 5 —17 %0 ~—11%0 2 [A] ¥, 3%
J& A4 Rubisco [A] 4k CO,, i PEPCase [A] L HCO;, R
F g A2 AR SR P AR JE AN R), SO BOE G 7= 9 8°C {E
FEAEZE S0, BRI, g i & 441 8°C 22 k3
il 9 —17.1%0 ~ =15.7 %o, fuco; 1) 22 AL FHl g 64.5%~
71.3%( &l 3), X R W H: [6] {L HCOL 1y Fe 91 4 &y o 1G4,
Jior e 15 L4 81°C 7 14:00 1 B M IE A B 4, R
W% )5 F C, < g ¥ PEPCase #1 PEPCKase 1% ' BY 5%
i {E ([ 2B, [&] 2C), {H B A G 4% 45 78 B S 5 7 91 1Y
YRR, IAFAE C, 5 C IR A MR IE .

75 ¢ { 1714
1-16
65+ m
L {-18
8B 20 €
- S [ — i O
Z45 f —% ______ % ___I_ ________ \ 225
e 24
35F
26
—28

> 8:00 10:00 12:00 14:00 16:00 18:00
KAt ]

— fiicos (A5 ---- fiicos (U.expansa)

——3BC (i s) -+-3°C (U.expansa)

3 FIFHERIEIEL 3°C F fuco, 10 A AL ARAE
Fig. 3 The diurnal variations of §"°C and cho; in the tissue of

U. intestinalis and U. expansa

&, U expansa i) 8°C ¥ il & —23.5 %0 ~—21.9 %o ,
o AE ALY Ry 32.4%~ 40.3%( [ 3), £ W1 1% 4 Fl

PLCy i A2 32, 3k 55 i 0% 00 A 19 245 S AH 4 L (] 2B,
& 2C),

33 WMGREREANKENNLEE

S BRI T AR 1 P A Ak e
71, SOD I Pk — EARFF— A= K, 18:00 6 PE T
K (18] 4A); POD i P 9 06 {8 3 L 7E B | 8:00-10:00
(&l 4B); MDA 5 £ (1 Wt B AE 12:00( [&] 4C). A
SRS T2, A B9 SOD i 74 Al MDA & 2 5 i
BE L G W3 E AH ¢ (p<0.05), POD i 4 5 iR B |
O R A AH OGP AN B 2 (p>0.05) (% 2). U. expansa
f) SOD 5 POD i 1 6 {H i} B 7E 12:00-14:00; MDA
TR AW B ETE 12:000 & 4); HHE TR M R W, U
expansa ) SOD. POD i ¥ Ll J. MDA & & 5 iR J¥ |
S 1R AR B2 (p>0.05)(4 2).

HCALT 5, I &5 SOD ITE ARG, AR (18:00)
MR G B (12:00) &4 F R T 33.3%; i U.
expansa 1) SOD HI& M AEAE . KL (18:00) 4144 F L
G mR (12:00) 2540 T BT 27.6%. 15 F 5 MDA
& B RO L IR (18:00) £ T I ot . w5 i
(12:00) & 1 T % T 36.9%; il U. expansa i) MDA 1
FrETEARE L AR (18:00) 444 Tt M. M (12:00)
A FRET 10.6%.

4 THE

KRR ROE G &R DL C TR
i &, Rubisco 42 C, i 72 H (1) H 2R L i, 5] & CO,
IEIE Wik K fb & 9. SR, Rubisco H g FI F CO,
B TeHLK , (H IR K Th g Al 25 CO, Wk FE AR, AN iE
52 4 A A TR 2R, BRI, 8 S A W 7E E AL B AR
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120 - A.SOD 12000 35
= a* a* /aQ\ a*
1007 116007, |32
Z %0 5
Z g0}
g ) 1200 5 |29
= oo N £l o=
5 § § {800 2 Lo
= 40¢F Y R i3,
$a 8 ] {400 = |23
20} S &
& % §
0 S S 0 120
8:00 10:00 12:00 14:00 16:00 18:00
SRAEI ]
45 B, POD 12000 (35
a* ab* .
5 11600 - 132
3] N‘.”
e )
< 1200 é 2
z i s
% S 800 2 126 %
: 8 ;
4z 3 S B
& § g Jaoo R [23
]
\ \
§ i | L20
8:00 10:00 12:00 14:00 16:00 18:00
SRAE I i)
1201 ¢ mpA 12000 35
100 F 32
T?l) g
5 80t
£ S 296,
£ 3 % g
#o0f N N 8
40} N
g 8 §
] ¥
* 2l N § 23
o LM, B Lo 120
8:00 10:00 12:00 14:00 16:00 18:00
SRR [
— 1 - -e - JEHRBRE

—a

U. expansa
4 PikhaxsEpt ALY (SOD. POD) ik P Al
MDA & 19 H AZ AL FFAE L3R
Fig.4 The comparison of antioxidant enzymes (SOD, POD)

actirities and MDA content between U. intestinalis and U. ex-
pansa, corresponding to diurnal variations

*F RPN () B P AT B 2 e, R 2EME LR TR/

5B (a, b, ¢) FIR [ — PR TEA [F] I 18] T i 005 1 Sk 2 1k 22 S
(p<0.05)

*represents there is a significant difference in enzyme activity between
the two species. Different lowercase letters (a, b, ¢) on the error bars in-
dicate that the same species has a significant difference (p<0.05) in en-

zyme activity at different times

T S ALBR ¥R 45 HL 1 (CO, Concentrating Mechanisms,
CCMs), fEE 24 i N CO, R F R . CCMs REETE
Rubisco J&] Fil i fb. HCOL i 2 B B i CO,, 5¢ B AH N 1)
WA R B, C A6 R AT LB R T HCO;, i i
PEPCase, PEPCKase 55 iff i) £k £ 1, 76 20 L A 58 1

*2 MWHEENMALE (SOD, POD) JEMHILIK
MDA EE25RE. XEMWHEX M
Table 2 Correlation between antioxidase activities, MDA con-

tent of U. intestinalis and U. expansa vs. temperature and light in-

tensity
78 =y U. expansa
24
s b0 TR Bt
SOD 0.578* 0.825%* 0.277 0.432
POD 0.171 -0.210 0.296 0.368
MDA 0.561* 0.627** 0.390 0.145

e #*FIRTE0.0 LKE (AU | 5 3 A5G *FRm 7£0.05 7K (XU )
A,

X CO, HIUSAE | Y 45 R 32 55 R A F 099, g
B CGH Y RE AL S B2 B A AR 4
W, BN, A RFFEIN R C, 6 P03 12 E B AR ) 1) 181 sk
w3 A 0, (B A TS R C A IR B
Uige S Sae i, SRS N 2 A ok hg, X
eV FH B STHRAN KB, AR R IGHFE S U. ex-
pansa WA IBEAFAE B3 25 5%, /0 & 66 R e n]
REH C, Ml C, iR LW 2 5, i s & W E 2 i C, i
BT,

B AR Z B 2R AL N 1
S UL L OGER . CO, MREE | B FRER | SRR AR 5
ZHE R W, C 6 b Bt rp 75 22 JAH I 17 ity 2
M, 22— Fepead &, B, 7R A SRk | R
BE SRR TR R C, iR AR 05 BRI B BB S 12 ), AR
WFSE BB B SRR P B8 T 3w W SRR I, 78 5%
PRIET C, IR A K. BT C Al
FO 5 BR ], O O A 1R TH B OG5 Y 3G i 1
I, K e SR BT OGS ok . PR R,
90% (14 ik [F] £k 5 (14 25 By J2 i D' i 728 Ak By B+, g
RHVE I 6 A% AR A R U R TG AR 3 5
o TEARBF T, C, K[ PEPCase Fll PEPCKase i
PETE I 5 rp (0 0 HE BLFE P 4 (1 2B, /] 20), X
T fern o, FLIRBHE BT R E ) 8°C fH(—17.1%0~
—15.7%0) 5 ¥ 11 fuco, (8 (64.5%~71.3%), 5 /8 T C, 1§
KW RES 5 TIZY MG Bk, HELZT,
C, oA 1F F i 42 1 5 229 K B Rubisco 1916 1 75 5
2 S HE G IR (1200~ 1500 pmol/(m?s)) A i A/ F -4,
e 55 SR B b, B W& 1Y Rubisco 1 P 7E P
(12:00-14:00) 58 6 F A4 (KT 1600 pmol/(m?-s))
B sz 2. B, W CLIE MR S 54 T
TR 4 [ i he
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FL#R M 5, U. expansa 135 3% ot #2 th R 3 Ok
SEMRE S W S AP TE % 25 57 . YA s T
R 2RO BRI B R, e 81°C Y Rl (—23.5%0 ~
—20.9%0) 5 fuaco I L] (32.4%~ 40.3% ) 34 3% W iZ2 ) b
s L Cy s Ao FE [y (& 3). C, KA i PEP-
Case 1 PEPCKase i 1 1) A8 L 72 5 2 i B b AN B 2%,
H. Rubisco {ifi P4 =5 W F 1 75 b A7 i g G 0, B0 H
S Hl B4, ] BE i F L4 U. expansa A Rubisco 7%
PER R, GG RE B, B K= O, flEfS R
AR AL T8 O, 43 AR CO, MRS, U F2 3 Rubisco
BT ARSI, BT I R Ao AR ST 30 S KRR A1 R I AE P
YRR HTRALRE S b DA B [R5 BUR 4R
AN [E], A PR R AR 2R K Y ROS, 5T 410 A4
Ak B SF-F R S IR, 1T SOD. POD 45 £ Fh i 4 Ak it
AALRE T B 22 4% B9 ROS Sk 4EH7 M 9 #9436 - 7, i
REAERS — & LA 7, RINEZ RIS R
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Effects of light and temperature on the photosynthetic pathway and
antioxidant function of two green tide species

Ma Qian', Wang Yujue', Sun Xiyan’, Liu Dongyan'

(1. State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai 200241, China; 2. Muping Coastal
Environmental Research Station, Chinese Academy of Sciences, Yantai 264003, China)

Abstract: Green tide is a high biomass ecological disaster caused by the proliferation of green algae in intertidal

zone. Its outbreak is not only driven by environmental factors such as temperature and nutrients, but also closely re-

lated to its own photosynthetic capacity. In this study, Ulva intestinalis and Ulva expansa, the two green tide spe-

cies, were selected for the outdoor culture experiment. The photosynthetic pathway, antioxidant physiological char-

acteristics and their corresponding relationship with photosynthetic products of the two species were detected and
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compared under the conditions of high temperature and high light intensity in summer. The results showed that
there were significant differences in photosynthetic pathway and antioxidant capacity between U. intestinalis and
U. expansa. The key enzyme activity of C, photosynthetic pathway was highly expressed in the process of photosyn-
thesis of the former, which was significantly correlated with light and temperature. The key enzyme activity of C,
photosynthetic pathway of U. intestinalis was inhibited by strong light at noon, and the change range of "°C in tis-
sue ranged from —17.1%o to —15.7%o, which indicated that C,and C, pathway might be involved in its photosynthet-
ic cooperation. For U. expansa, the expression of key enzymes in C, photosynthetic pathway was weak and there
was no significant correlation with light and temperature. Also, there was no obvious photoinhibition in C, photo-
synthetic pathway and the range of 6" °C in tissue is from —23.5%o to —21.9 %o, indicating that the photosynthesis
mainly depends on C; pathway. In addition, U. intestinalis showed a strong antioxidant capacity in the process of
culture, which may be closely related to its C, photosynthetic pathway under high temperature and high light condi-
tions. The comparative study between U. intestinalis and U. expansa showed that there were significant differences
in the initiation of C, photosynthetic pathway between algal species, and the comparative study on the photosynthet-

ic mechanism of different green algal species needs further exploration.

Key words: Ulva intestinalis; Ulva expansa; C, photosynthetic pathway; C, photosynthetic pathway; carbon fixation



