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WE: AAKCEREDEAT IR RS, ERREANTIEH BN R AT
% A Fl GRT-PCR A Western blott A 5 58 7 4 41 3 BB M -1, 5- = 85 5 70 b 56/ 5086 k0 3¢
(bel) e 4 ff % & & 70(HSP70) & % i it B3R S MW E i BREF: OF
(33 °C) R F M T A MK rbeL it R E B KK AF, 7100 pmol/LA 4 8 (SA100)7
50 umol/L 3 #] 5 7 B (MJS0) by 75 fm T 4 % 38 8 77 A1 & . £ SA10049MIS04 %
rbel T 3% B A B 0 BB 48 1316 A1 132453 h), tbol 2 & F 3k 8 441 18 4 89
13645 72,1064 h); 3 ELR2M % 4 i — % 2 b 4R 4 %98 4 3 R Rubiscoi® 1 by 41
# 16, P4 Rubiscodd otk & . {8 250 umol/LJK 3% 5 (ABAS0)#y 7 fr 1l 2 A4 £ 4141 7
tbel % t  Rubiscoi® tk . @3 # — F (23 T %1% % 4 & A EHSPTOR K3k, %W
FEME, LERATABHOSIL00EG ), FEATHH093245540). T, H
M ESA. MIAmABAZ JH# t B8 31 2 00 06 & fF A B 00 1 6l B Ak L B #0953 Rk

FERET —ZNER.

KHRIE: £ E; k& A70; Rubiscok T ; Zif; KkWE; ¥

FESES:S917.3

e 25 2% (Gracilariopsis lemaneiformis)J& 21 i
I"J(Rhodophyta), H.£I%: 44 (Florideophyceae), VI
B Fl(Gracilariaceae) ) — Fh R BRI ik . B4
AUV 7 T LI AR U T T e B i B &R
O81AI07-21 KN 7, H R Je 20 3 © £ 3 [ 1
AT W VLR R AR Sk A b X R AR
P, R AR SRS 2 5 AR 3 R K T e
B7E B Iy ¥ 3 e 250 SRAT) A AE AN B 2D I L1 1)
B, P, R E MRS E L T A R
18 e 25 3 T b Z L WIS e 2 Sk v il 3 1 )
AL, A AT DG T Y R]

A A 2 ) A i el 8 v i) i 2 R
g, LR T IR b A AR U A A e R —
il AT XY E REE R E M EE, —
e U T 5| R S AR R IR R R o AL, BER
Jt & Sill(photosystem 11, PSIN# G (0 % &2 4Kl

Wi HER: 2017-09-11 f&E HER: 2018-05-29

AR FE,; BER
XRkPRERS: A

BORZ AR, BEARPSIR N o i e, EOLE
AN RER S 5y —J5 T e il A5 e OGS VR g
G P o AR -1, 5- — BRI AR 1L /N 4l (ribu-
lose-1, 5-bisphosphate carboxylase/oxygenas, Rubis-
co) et Ak R AL A/E B0 Bl , LR W JE (Rubis-
co large subunit, rbeL)FZRAMELIEH . WFFT R
B e S R A A VR R T B 322 5 PSITRY 2
fiE . Rubiscolf fLIRAEA K,

ey i R A 0 B, R A A
B8 s — e HLE], 4TS P4 (reactive ox-
ygen species, ROS)H R FR . #R 38 2 [ (heat
shock proteins, HSPs), WIREE . (F5H ST RS
S5 D0 A IO gy IR L T D o R X A A £
P, IRSEEE R IR Z B iR . TR
T S S 30 AR I RS Y — FR S B A B o
HSPs7E4EFF 4 M N 8 F B IE W4, (e k22t

FTE: EXERR IS A1376151, 31672674); T KF /K= Wil 4 H o 2 8 22 BT U 45 (xkzse1525)

BIE1EE: ME, E-mail: sunxue@nbu.edu.cn

http://www.scxuebao.cn


http://dx.doi.org/10.11964/jfc.20170910965
http://www.scxuebao.cn

41 B, 4. B SE TP rbe LR hspTOXT 55 T FIUAE 1) 15 2% 10 W) i 887

EOE SRR, B R, B LT &
AT R T EEAEAS, AR AR,
HSPsH] 3 M52, H A HSP70/2HSPs A i & &
BEE . BERSTH—EEN, 75N & RS
10 A S B

MY E R ERAY R e A 1EH AT
SAARAE T R AR R, A, KGR (sal-
icylic acid, SA). ZE#H2 H [i§ (methyl jasmonate,
MJ/MeJA)F it % iR (abscisic acid, ABA)ZAH 411
FZAWOVE RN S0, TREAEY N e R
R, EE . TREZHMAYMAEA WA,

ARG DU SRS, WEGE T T S SASE:
SRR 3B ) I R 3T rbeL M hsp70%% 5% . B K
(1) ¢ 15 2 Rubisco i M 152, DAEE T e 2056
BV RT3 A G 1 35k PR FE B0 347 355 B o7 g
MR, DA R AR AE P i R A S B R
Jolp 61w A

1 MRS 1A

1.1 SEIep

SEYGRERE A TR AR T R R 981, SR H AR
R . e AR TR A el e A, DABR 5 H
KM ELEY, BHHKERKPEILE, K5
B2 3~4 cm%)) B 1A 9 i & 43 7623 °CHH IR O
TR R PG FR2~3 d, JEIRZ40 1x, JEE W
12L : 12D,

1.2 SEEEIt

Z% FEWERHELE R, SA. MJ
FIABAHR 43 5B 100, 50, 50 pmol/L, 3
SANALERZ . 23 °C(HIRAL). 33 °C(fRimdl). 33°C+
SA100, 33 °C+MJ50F133 °C+ABAS50, #F4H34

HA . ETICMEIRM SR, 60, 3. 6. 12,
24 hIRKE, AR TR S R R, —80 °CPR
.

1.3 S RNARZE KX cDNAKI & B

FRELZ3100 mg#: &, FIRNeasy Plant Mini
KitfIRNase-Free DNasel(Qiagen, f& =) RNA,
NanoDrop 1000 Spectrophotometer(Thermo Scient-
ific, S [E) A1 %I i R R i K I RN AR JEE |
afi B S ol A# . R s3] 5 PrimeScript RT
Reagent Kit with gDNA Eraser(TaKaRa, Ki%)& i,
% —H8EcDNA, 1E N SR 262 i PCR(qQRT-PCR)
YRS .

1.4 qRT-PCRAEN

rbe L hspTOFE PR 7 51 e 201 3¢ i 5% 21 1)
¥ 45 L (NCBI# 53 5 MF964224 FlIMF964223),
PCRI V4 2 FIFE T %5 5% Wang%5'™, 59175
WL, LUISS IRNAFE K S, RA2-AAC
BT B 5L PR X SRk K,

15 SEBRRERN

PRELZ)200 mg#e R, 43 5 A Y 2 1 il e
I & FBCASE I i F & (Bt e, dta)
PR ik Bl A MERE N . HEAREM D
2580 °CPRAT, FT 8 H S B2 B3 (Western blot)
G3HT
1.6 Western blot#&

HU10 pLiY 28 I FE 5 (30 ng), #£17SDS-PAGE
(%4 I, 12%53 B BOHLIK , R0 B iy 8 H §%
B 31 B A — 98 & 0 I (PVDF ) A7 6 92 46 0
rbcLZE H i) — P11 H Rabbit polyclonal Rubisco large
subunit, form I and form I, HSP70%& H i —4i N

# 1 (RT-PCRE RS54 FRAFF
Tab.1 The name and sequence of primers for qRT-PCR

e 514 SR HI(5-3) K /bp
gene primer name primer sequences (5'-3") amplicon length
rbcL rbcL-F AGTAACTCCTGTTGCTTCTGGTGGT 182
rbeL-R CTTCATTACGAGCCATAACCATAGA
hsp70 hsp70-F TTTTGATTTGGGAGGTGGAAC 199
hsp70-R GAGACGGCGAACGGAACG
18S rRNA 18S-F CCTGAGAGACGGCTACCACATCCA 167
18S-R AGACTTGCCCTCTGCTGGCTCCTC
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888 KopE o R 43 45

Rabbit polyclonal heat shock protein 70 cytoplasmic
(Agrisera, Hii ), —Hi Ry BAR It S ALY BEbR 10 1L
FHRIgG (HAL) (BT, Jbat), SRR ER
2% Wangs5E"", FGel-Pro analyzer#k {4 %} %
FARAFBEAT IR BETEER, 0B H B3R RO A 0k
K-
1.7 Rubisco’E MBI E

Rubisco®] I I 1 FLELIE PR A I E 77 ik 5%
LuZE"™ Ll umol CO,/(g-min) 4y fili i P 5147 . Rubi-
scot IR A= R 16 P/ S 6 1 o
1.8 HiESh

F H Excel 2013347 46 b BRANE R, 5258
BHE 25 DT S R 22 %o, i HISPSS 13.0
AT AT R R 7 225007, IR F Duncanik ##47
ZYIREARIA 22 57 B E 0T, P<0.0SERZERWE.

2 HEiH

2.1 ELEFEMHEX rbcLE ERIEZR Y

TS T rbe L3 M 2% 3K 37 1) 5 1 B 38 1
FAMH(E D)o 7523 °CH AL, rbcLIEH 1Yk
RS, 1 AE I AL B A% 2 (LS RN &
Y rbe L3R ik & 34 W FEAR, I BE 5 W 3w )
M IE LR TA i MR 2 . £ 3~24 ha RAERT
(B 5, AL A rbe L3 35 5 4 1 B ok IR 4L 1)
37.46%. 30.30%. 10.20%7F15.29%(P<0.05),

1.5 023°C
o33°C
12 m 33 °C+SA100

b m 33 °C+MJ50
m 33 °C+ABASO

09 t

0.6

03t

rbcL AN FRIA B
relative expression level of rbcL

0 3 6 12 24
5 FEI ] /h

culture time

E1 SEMEYHELSENS LR bl & E
e A
NG PR R IR A R b B 2 8] 22 5 B % (P<0.05), T 1A
Fig.1 Effects of heat and phytohormone treatments on
the expression of rbcL gene in G. lemaneiformis

Different small letters mean significant difference (P<0.05) among

different treatments, the same below
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TER AT, AR A ) 3R X rbe LEE
FIKHFE AT . SAT00FIMIS02H () rbc L3 3k &
3 hAl6 hit ¥ = T i iR 4 (P<0.05), 433 0 & i
H1.31H11.324%(3 h), 1.28F11.304%(6 h). 1M
ABASOH 1 rbc LA K e 3K 5t 7.3 hFl16 hivh ¥ ik 2
T i, i ke i 2H 1 58.57% F162.42%
(P<0.05). 7£12 hF24 hitt, 3F0ME TN K rbel
KirxmS5miRAH TR E 2R R LR H
TR IS A100EL MISOTE 47 0] N A€ i T rbc LA A (1)
ik, M ABASORES 0 0 2 B 1] v 36 3 [A] 41 il
rbeLFE ik .

22 ERFEYH R hspT0R EFRKHHN

SrbeLFEH ARG, B hsp703E K 37 5]
o Y 2 T (K12) . EmTEIE TR, hsp703E
Rk I 56 LIS REAIRA S, FEHAE3~12h
Yim PR IRdl. 723 i, SR hspT03 A w
F, R EIRA9.954%(P<0.05); 76 hF112 hit},
1o it 2H hsp 7O 3K B 43 Sl 02 5 T 2H 1) 4.001% 12,46
¥ (P<0.05); TMi%|24 hith, hsp70) ik m [ EH
TR ZH 1927.50%(P<0.05).,

25 ¢

fi Q23°C
2 cqd B33 °C
= 20 L m 33 °C+SA100
i ° m 33 °C+MJ50
K2 m 33 °C+ABAS50
KL 15+
T 8
=z
=8 10t d
[ ="
% I
o
=~ o 54t
= cbe q
= a
s 0 aaaaa a cp b
—
0 3 6 12 24

FEFEIN ) /h

culture time

2 SiEAEYE R LRI 3K hspT0E E
RIZHIFZ M0
Fig.2 Effects of heat and phytohormone treatments on
the expression of hsp70 gene in G. lemaneiformis

S 08 X hsp 70 P 3 35 1915 S AR
3. fE3hAEF, SA100, MJ50, ABASOZ 1A
() hspT03E R 18 B Y3k B i kK, 4 dil & 23 °C4l
BI15.214% . 16.1445% F119.944% (P<0.05), 4&33 °C
HI1.534% . 1.6245% F12.004% (P<0.05), 7E6 hif,
3P R A P aspT0RE R R IR B & TR IR (P<
0.05), HAMIS0R A& W% . 7612 hitf,
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41 =

Me, 4. SESE P rbe L hspTOXT s T FIUAE 10 15 2% 110 Wi i

889

SA100ZH i asp70X P Kk B S B E R AL
., MISOH H hsp 7O/ 223k i 8 F K T = iR 4 ;
MABASOXS hsp 701 i85 HA 35 1915 S1E
M, KRR miRA3.294%, 5124 hitk, 35h
PR AL P hsp707% 3K B IR T4 (P<0.05)
G R R E R RN E T AMEAR INSA100, MI50
s ABASO BE 1L 140175 5 P 200 S8 1K N hsp 70JE R 1Y
ik, EXFEFEMFFS N R E, H,

ki M O0h 3h 6h 12h 24h
-
° T esereseves

23°C o=
f M—

33°C i;:_‘ — e — —
—

33TCHSAIN BT v — ——
75—

33UCHMISO O —————
48—

TS ——m—

33 °CTABASO (Y™ e e v v e

(@

rbel X RIE =

ABASOXT hsp703&: K 1915 SAE R o
iR FEMYME S rbeLE B RIEF M

5 rbe L S KO I FRIR G5 L, Ak
Hrbe L 3 TA 032 B i i 0 0 R (1%13), #E3~24h
FORFERFIRL A, R A AR rbe LR [ Rk 5y
T 23 °Cdl, HFRK 53 I N & T4 19 75.60%
78.40% . 55.28%F141.40%(P<0.05).

2.3

215 - o 23°C m 33 °C+MIJ50
8 o 33°C m 33 °C+ABAS0
‘-E 12t B 33 °C+SA100
c
% agdad tr) b, ¢ cll q .
= 09 a bb
g a c
v
S 06 b
a
& : | e
o 03
2
=
p o LI
0 3 6 12 24
5320 8] /h
culture time

(b)

3 SEREMEYHELENEAFrbeLE B RIZHE N

(a) Western blotZ% 55 (b) &AM RIEKF; FH

Fig. 3 Effects of heat and phytohormone treatments on the expression of rbcL protein in G. lemaneiformis

(a) results of Western blot; (b) protein relative expression level; the same below

ANIEA A Y )5, rbeLEE A X 3 A 9
R FIBAF R, 7ESA10041H, rbel
EARIERTHECT S HEHAES AL E,
FEH A A AT R) S 35 35 8 133 °C4l, anfE24h
By, HEARKIEZHERAW 13645, FEMISO
Hrp, rbeLE 132K 7E3~24 hilf] 8] £ 30 LA R
A Fe ki, HPfE24 hivt, rbeLE R ARE
WERTEIRA (2.106%) o 7EABASOZH, rbel
HARBETEMBSE, fE6 hFI12 hit HE N
KBS EBRAAREER, 4B hEiRamn
81.32%K1174.22%., LA - 25 53 B SR JE 8 i SA 100
B MISORE % A [a] 72 B b R 1E =5 8 R 0 41 Y 2 40
SErbeLiE 1 R, SR = iR X rbeLEE 11 %34
A VER, 1 ABASOM JCIHEA/E T, B ZE et
i FrbeLEE AT AR IA
=2 FE Y ZEXTHSP70E A Rk & MH
EERAMHT, HSPTOEH R X&YW E T
23 °CZH(Kl4), B THE3 W S5 IRA T R E LS,
T 6~24 ha$ SRR B[] 5 2R 2658 1 40 3l o IR

24

H2.841% . 6.4115F14.29f%(P<0.05),

3PP AE YR WA N 242 i T HSP708E K
IR . FESA10041H, HSP708 A £ ik K
F£6 hf124 hif 73 5] b e 240 T 85 T 25%F1 1. 1948
(P<0.05), TEMIS041A93 hHl124 h, HSP70%E H %
IR E T E R A 2R miAE12 het, HE
MRk i 5 iR 4T B 35 25 5(P>0.05), 7EABASO
4, HSP708E Rk KF-FE3~24 WY i 3 & T
ERAL, FeEisE T R gL3.456%5 24 hy, LI
g LR SNFE IR SAL100, MISOE ABASOHRAE A
) 7 B A R HSP708E 1y M3k, HiAE
JH Fh 3 31 55 44 Y ABAS0>SA100>MJ50,,

2.5 SR FEYH E X RubiscoiE M & IEAR

YA

TE23 °CEEFE T, W Rubisco ¥ i
TR G MR EARR E s MAE33 °ClRli T, ¥
A28 Rubiscoi M4 B & W18 B[] ) 2E 4 28 47 FE AR
(E5). F)24 hitf, Rubiscol 4] 4 1 P ARG 1 15
FERNEAR, 2000 R IR 19.67%123.89%
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890 KoOoE ¥ 43 45
ku M Oh 3h 6h 12h 24h 18 1 o 23°C
100 = =5 m 33°C e
23 °C 75 15 | m 33 °C+SA100
63 m 33 °C+MJ50
100 12 | m 33°C+ABAS50

63

100
33 °C+SA100 g

100

° 75
33°C+MIS0 5

100
33 °c+ABAsog§

Eeeana
B
=
]

(2)

& 4

HSP70 AR Kk &
relative expression level of HSP70
O

6 L
31
0
R 770 1A /h
culture time
(b)

=R A 3R AL FE 3 S SEHSPT0%E B FRIK HI 20

Fig. 4 Effects of heat and phytohormone treatments on the expression of HSP70 protein in G. lemaneiformis

0.6 -0-23°C
+33°C
05 | 833 °C+SA100
@33 °C+MJ50
042 ¢ € c 433 °C+ABAS0
oC

initial activity of Rubisco

Rubisco #4471 /[umol CO,/(g-min)]

Rubisco i 14/[umol CO.,/(g-min)]

-0-23 °C
0.6 433 °C
° -#-33 °C+SA100
S 05t c c 833 °C+MJ50
2 ¢ o
E o4 a B : 33 C+ABA50
G d
15)
2 03}
z
5 02t
<
g o1y}
a a
0 L L L L L L L y
0 3 6 9 12 15 18 21 24 27
B IR ] /h
culture time
(b)

& 5 SEMEYEELIEX LIS Rubisco¥] 18 7E 4 (a)F1 2 5E M (b) AV F2 1

Fig. 5 Effects of heat heat and phytohormone treatments on the initial activity (a) and

total activity (b) of Rubisco in G. lemaneiformis

0.3 3
02t
0.1 s 2a
a
a
0 " " " " " " " N )
0 3 6 9 12 15 18 21 24 27
B 7RI 18] /h
culture time
(@
(P<0.05),

AN TR FE 0 38 R 9 5 10 X Rubisco i 1 4 5% i
AN, fESAFIMILLFEZH o, Rubiscofl ) I 1%
PR B PETE0~6 hill] [ Y K33 °C4l, 417E6 h
I, SA1004H 344 Rubisco] 14 1 1 1S I 1 (8 1
SKEE RS, 933 CCH MY 14745 F1.250% (P<
0.05), 2323 °CH I /KF-(P>0.05); 16 hifMJI50
20 R Rubisco ) I 1 14 FILELE M 233 °CALY
1.26f%(P<0.05), MCAFETE M C 5% R4 T0 i 2% 2
F(P>0.05), HHIERIGHEAIKT23 °C4 . fEABAS0
2l , Rubisco i i P -5 00 4R 1 4 19 A8 fb FE AR —
B, BAWTFRENGES, B2 TasiR.,

5 Rubiscolifi M PR iE T BEAE /2, Rubisco
T AR S 32 o TR A 52 e T B iy 5 — 4%, 7E3 h
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I 523 °CH T % 26 %, 766 hAI12 hitf & iR 41
T AR 53 591 8 B 225 T2 (1 88.55% F160.09%
(P<0.05), Tii%]24 hif, Rubiscolf IR 754 JiF [a]
Tb, BAE T 4 (P<0.05)(£2). 3FPiERR
Jinxt Rubiscolif (AR ZS Z2 R I A2 #E4EH . SA100
2 H Rubiscoi® LR A5 7E 6 hfl 12 hikf 43 51 4 v 1L 20
LIS AN LA7RY , #5600 T8 IR 1 7KF-(P>0.05);
T MIS0ZH I AL AR 25 76 12 hA124 hist 35 8 F & Rt
FEZH (20 900 1555 A L1505, 3k 2w IR 4 ik
5 ABASOZH 7 3~12 hill] [a] 4 1] 32 = Rubiscolf
RS CH IR 1.07~1.714%), 523 °CHT T
EES, (AFE24 hif W R I EIE R

Zi b, SA100HIMIS0HE 2 = Rubisco 4]
BT T RLETE P, 22 A R IR N 3 AR Rubiscolif 14
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41 B, 4. B SE TP rbe LR hspTOXT 55 T FIUAE 1) 15 2% 10 W) i 891

*2 =R MERLE L BSERubiscolE (LR 7S B 2200
Tab. 2 Effects of heat and phytohormone treatments on

Rubisco activation state in G. lemaneiformis

e B2 )/ culture time
treatment 0 3 6 12 24
23°C 0.96:0.02° 0.96=0.01"0.960.03* 0.95+0.10" 0.98+0.02°
33°C 0.94+0.02° 0.93+0.05"0.85+0.01* 0.57+0.00" 0.80+0.03"

33 °C+SA100 0.95+0.01° 0.88+0.03" 1.00+0.03° 0.84+0.02° 0.83+0.04
33 °C+MJ50  0.92+0.06" 0.98£0.02°0.85+0.02" 0.89+0.15° 0.92+0.01°

33 °C+ABA50 0.93+0.04° 0.99:£0.05° 0.92+0.06" 0.97+0.16° 0.71+0.10°

W RGP F B EARR R F AR 2 7] 2 5 23 (P<0.05)
Notes: different letters superscript mean the significant difference
(P<0.05) among different treatments

M52, Jf HSALOORYRCR B8 3%, MTABASON
TR T 55 i Rubiscotd #: 9 3 il /E A .- M Rubisco
AR 0T, 3R R E — e B L IRE
Pk 5 K Rubiscoli (LIRS, H =X B IR 410
JKF-, HAEABASOZH 11424 hitf 45| 1,

3 vHie

3.1 =R FIEYE R X Rubiscold 72T

Rubisco&—Ff 2 5 35 1F FH A1 G R 0 114 3L
DIfem, 2R n] i R b i e R
. mil . TR AR AR Y a0 35 68 52 i 4
& P Rubiscoif P K H G AR, FE40 °CHl
45 °Cry iR Maa F, Bl AR (Gossypium hirsutum)if
Ji Rubiscoifi bR 73 1 T B 2228 °C O IR 41) i)
65%F110% ®", 35 JK(Cucumis sativus)" F 7EAK IR
AbBE10 dJ5, H:RubiscoZE 7% i . Rubisco¥] if
TR ARG PRI, LuoE®) & BLAE40 °CHI
45 °Cre it T 7% I 7 i & 1% Fl Rubiscoli 1k
RS Z 2 B IEl; KR RF%1 dJE, Rubisco
R AR R < N = A o | T o N 1R 55 P =B
BAM B, HARRKEIER . AR D
7N rbeLTE 5% s A PR /K 7 19 2R 3K B2 Rubiscoli 14 3%
ZFE IR B EWH, Rubiscolf MRS R LT
BEJG Th s ka#, 7E 12 hint [ =A%, #1124 hif
B AR TR AR A A BT TR, X R RE S S A
BRSPS N MR E AR R RES S
PSHUTIBEEE A1 K.

LA V3 3R T i v AL I R I R 3 1)
LGV Z A E R FDG G AR TR A T,

KA 7T 45 5 O 3R B AN SABE W8 A3 20 Hb 2% ff /=
TR X PSIL 4540, 14 5 A 40 PSTIRY die KOG AR % #8
ROR(F /F,) R BROGRE G 80 (Dpgy)' > 0 A
5% 22 B SAFT Ul 4% =3 IR % 38 7K Rubiscoli #: K2 K
W05 E , PKE Rubiscolfi fLRE, &R S
Wang 5P I7E 75 4 i R i AR 45 R — 3 A M)
XA W) A AE L RR I R () 25 e AR R A A, 5=
SCAEAERTIA Sy ML 3525 410 i) 7K 7 )7 1 Rubisco i
HRHER . /NI A R, FEIRH 7 Rubiscoid P
FOGG #4583 WIMIBE 0% A 302 1 &
ik 51 B (1) Rubisco i 1 S R 3 2 35 KT 1 B
5 & MMEEHOE A5 R 2B, ABARR | 7E 4L
Asf 1] 15 BE A5 A2 3#E Rubiscolfi fB IR #2241, X Rubisco
TR B R R FEAR I I HIVE N, 5 Pandey
SRR I 1Y ABARE S i AL TE 300 855 T AR HF 555 1Y)
Rubiscofff i ME M 4516 A —2, H#ENX Al G855 ABA
Jir e B2 s A A ) G

32 EIRMEYHEXTHSPTOM

HSP70/2 R v 8 H 55 H B 28 01, A
Mo FHIES S — RIS, HSPT0%Z
BN AR AT DL R ik, Ik PAOR i A A 46
i —EWBEEMEMN, REIlARsTsrE.
SchusterZ: POfISchrodaZ: PR AFFE /W, SETH K
¥ (Chlamydomonas reinhardtii) /Ny 2 A M
1 (HSP-22) FIHSP701 2% 15 %t PSILEL A /47 Fl
BN . BRI & IR RE 15 A K N hspT0
ik B, G4n30~40 °Cryift AT 55 41 2 (Ulva pro-
lifem)hsp70%%§5§§ﬂ“%m]; 35°CHIRTIES
JE AT it v Tk 2R 98 1I07-2H HSP70ZK [ 114 K
FIE GuAFECILLE T EF A RIFN 981 R e Ak
H 245 FE ) hsp70-1F11 hsp70-243 511 4E 28 °CHI32 °C
FAF TR SRV AR, SR L B hspTORE P &
KK 5 A ST IRAE A HHECR . AW
SE R WY e S HSPTORE PR i) [V =5 YR 38, 72 =
il 19 308 40 393 B AT 35 5 hsp 70K IR (3 h) MIEE 11(6 h)
KRk, b5 H K ME B RS EYA I
%, X5 E ¥ (Macrocystis pyrifera)fl 71K . 1548
S hsp703% 1k 1t il 4 I A8 A6 A R ) B4
Li%E OB & AR 32 °Cy T B J5 48 (6 hJm ) JE 20
ST LU Bz 28 25 P I R A i A2 ok 1R =5 T 1Y
i . FUILHEMIHSP70Z2 5 T #ubkan B % P
I A i <7 S TE T T O R 7 N 28
Jia 2l A 1 B A AL i A FIR A = Y38

http://www.scxuebao.cn


http://www.scxuebao.cn

892 KorE ¥R

43 %

W 5% 22 WA AE Y 3 £ T i B VR e 2R Y &
K, BEERKY P, AMEABAT S
T IR 30 T 3 8 TR hsp 0% S5 FILBI IR K S 19 %635
P e B A AR DT AR T SRS LS A Y W aa
T, SMEABARTfEE T K HSPT0M A 1L S48 w5 bt
AACEE R TG PEDY, ARBFFEEIASA. MIKABAYY
REVE TR ASEARNHSPTO R K3k, Z4E RS T
MY SABERE (L Mt hspT03E R 6 3K 19 45 18 A1
), 5 MIXE hsp703 35 Jo R W Y 4518 AN TH], X
A RE 5 T FH A9 225 hspT03E R AN TRl A5 56

Zr b, ERIEH T 6 A VR H OGRS Rubisco
(A6 P S Rk i 223k, RISl T HSP70 K &
F2iK . SAFIMIT] 5% i 2 i 5 1 i Rubiscoli P 1)
FEAR, 2 M3 A Rubiscolfi fLARAS; SA. MIFIABA
PIRE i — 42 ik th RS S AYHSPT0£ L, R E.
ABAMITE A E K. L, X3FAE Y &R 2E
SR T v ek 36 T T R T RS AR

SE M

(1] SRR, ABZE, LT3, 55 VL E R M5 Je A A 2

T IC 5 KR [J]. o [ e R 2244k, 2009,
39(5): 947-954.
Zhang X C, Fei X G, Wang G C, et al. Genetic studies
and large scale cultivation of Gracilaria lemaneiform-
is[J]. Periodical of Ocean University of China, 2009,
39(5): 947-954(in Chinese).

[2]1  JHbs, AFEAME, 2MEE. HEYDGE RGO ERME

FLHLEII]. T E A S T AR, 2012,
28(2): 127-132.
Tang T, Zheng G W, Li W Q. Defense mechanisms of
plants photosystem to heat stress[J]. Chinese Journal of
Biochemistry and Molecular Biology, 2012, 28(2): 127-
132(in Chinese).

[3] LuoHB,MalL,XiHF, et al. Photosynthetic responses
to heat treatments at different temperatures and follo-
wing recovery in grapevine (Vitis amurensis L.) leaves[J].
PLoS ONE, 2011, 6(8): €23033.

[4] Zhang X W, LiJP, Liu A L, et al. Expression profile in
rice panicle: Insights into heat response mechanism at
reproductive stage[J]. PLoS ONE, 2012, 7(11): e49652.

[5]1 Wang W X, Vinocur B, Shoseyov O, et al. Role of plant
heat-shock proteins and molecular chaperones in the
abiotic stress response[J]. Trends in Plant Science, 2004,

9(5): 244-252.

http://www.scxuebao.cn

(6]

[10]

(1]

[12]

[13]

[14]

[15]

Mayer M P, Bukau B. Hsp70 chaperones: cellular
functions and molecular mechanism[J]. Cellular and
Molecular Life Sciences, 2005, 62(6): 670-684.

Sung D Y, Kaplan F, Guy C L. Plant Hsp70 molecular
chaperones: protein structure, gene family, expression
and function[J]. Physiologia Plantarum, 2001, 113(4):
443-451.

Yoshimi T, Odagiri K, Hiroshige Y, ef al. Induction
profile of HSP70-cognate genes by environmental poll-
utants in Chironomidae[J]. Environmental Toxicology
and Pharmacology, 2009, 28(2): 294-301.

Hayat Q, Hayat S, Irfan M, et al. Effect of exogenous
salicylic acid under changing environment: a review[J].
Environmental and Experimental Botany, 2010, 68(1):
14-25.

Wang L J, Chen S J, Kong W F, et al. Salicylic acid
pretreatment alleviates chilling injury and affects the
antioxidant system and heat shock proteins of peaches
during cold storage[J]. Postharvest Biology and Techno-
logy, 2006, 41(3): 244-251.

Wasternack C, Hause B. Jasmonates: Biosynthesis,
perception, signal transduction and action in plant stress
response, growth and development. An update to the
2007 review in Annals of Botany[J]. Annals of Botany,
2013, 111(6): 1021-1058.

Sanchez-Vallet A, Lopez G, Ramos B, ef al. Disruption
of abscisic acid signaling constitutively activates Arabid-
opsis resistance to the necrotrophic fungus Plectosphaer-
ella cucumerina[J]. Plant Physiology, 2012, 160(4):
2109-2124.

TEM, 48FH, PV, . KRR SRR X
i W3 (Gracilariopsis lemaneiformis)FEAL S IE R R
IE BRI, HEPE S8, 2015, 46(5): 1132-1138.
Wang C B, Zou T L, Sun X, et al. Effects of salicylic
acid and methyl jasmonate on physicochemical property
and gene expression of Gracilariopsis lemaneiformis
under heat stress[J]. Oceanologia et Limnologia Sinica,
2015, 46(5): 1132-1138(in Chinese).

Wang F J, Wang C B, Zou T L, ef al. Comparative
transcriptional profiling of Gracilariopsis lemaneiformis
in response to salicylic acid- and methyl jasmonate-
mediated heat resistance[J]. PLoS ONE, 2017, 12(5):
e0176531.

RAHW, VT, R, & KIS RAED R AE


http://dx.doi.org/10.1371/journal.pone.0023033
http://dx.doi.org/10.1371/journal.pone.0049652
http://dx.doi.org/10.1016/j.tplants.2004.03.006
http://dx.doi.org/10.1007/s00018-004-4464-6
http://dx.doi.org/10.1007/s00018-004-4464-6
http://dx.doi.org/10.1034/j.1399-3054.2001.1130402.x
http://dx.doi.org/10.1016/j.etap.2009.05.008
http://dx.doi.org/10.1016/j.etap.2009.05.008
http://dx.doi.org/10.1016/j.envexpbot.2009.08.005
http://dx.doi.org/10.1016/j.postharvbio.2006.04.010
http://dx.doi.org/10.1016/j.postharvbio.2006.04.010
http://dx.doi.org/10.1016/j.postharvbio.2006.04.010
http://dx.doi.org/10.1093/aob/mct067
http://dx.doi.org/10.1104/pp.112.200154
http://dx.doi.org/10.1371/journal.pone.0176531
http://dx.doi.org/10.1371/journal.pone.0023033
http://dx.doi.org/10.1371/journal.pone.0049652
http://dx.doi.org/10.1016/j.tplants.2004.03.006
http://dx.doi.org/10.1007/s00018-004-4464-6
http://dx.doi.org/10.1007/s00018-004-4464-6
http://dx.doi.org/10.1034/j.1399-3054.2001.1130402.x
http://dx.doi.org/10.1016/j.etap.2009.05.008
http://dx.doi.org/10.1016/j.etap.2009.05.008
http://dx.doi.org/10.1016/j.envexpbot.2009.08.005
http://dx.doi.org/10.1016/j.postharvbio.2006.04.010
http://dx.doi.org/10.1016/j.postharvbio.2006.04.010
http://dx.doi.org/10.1016/j.postharvbio.2006.04.010
http://dx.doi.org/10.1093/aob/mct067
http://dx.doi.org/10.1104/pp.112.200154
http://dx.doi.org/10.1371/journal.pone.0176531
http://dx.doi.org/10.1371/journal.pone.0023033
http://dx.doi.org/10.1371/journal.pone.0049652
http://dx.doi.org/10.1016/j.tplants.2004.03.006
http://dx.doi.org/10.1007/s00018-004-4464-6
http://dx.doi.org/10.1007/s00018-004-4464-6
http://dx.doi.org/10.1034/j.1399-3054.2001.1130402.x
http://dx.doi.org/10.1016/j.etap.2009.05.008
http://dx.doi.org/10.1016/j.etap.2009.05.008
http://dx.doi.org/10.1016/j.envexpbot.2009.08.005
http://dx.doi.org/10.1016/j.postharvbio.2006.04.010
http://dx.doi.org/10.1016/j.postharvbio.2006.04.010
http://dx.doi.org/10.1016/j.postharvbio.2006.04.010
http://dx.doi.org/10.1093/aob/mct067
http://dx.doi.org/10.1104/pp.112.200154
http://dx.doi.org/10.1371/journal.pone.0176531
http://dx.doi.org/10.1371/journal.pone.0023033
http://dx.doi.org/10.1371/journal.pone.0049652
http://dx.doi.org/10.1016/j.tplants.2004.03.006
http://dx.doi.org/10.1007/s00018-004-4464-6
http://dx.doi.org/10.1007/s00018-004-4464-6
http://dx.doi.org/10.1034/j.1399-3054.2001.1130402.x
http://dx.doi.org/10.1016/j.etap.2009.05.008
http://dx.doi.org/10.1016/j.etap.2009.05.008
http://dx.doi.org/10.1016/j.envexpbot.2009.08.005
http://dx.doi.org/10.1016/j.postharvbio.2006.04.010
http://dx.doi.org/10.1016/j.postharvbio.2006.04.010
http://dx.doi.org/10.1016/j.postharvbio.2006.04.010
http://dx.doi.org/10.1093/aob/mct067
http://dx.doi.org/10.1104/pp.112.200154
http://dx.doi.org/10.1371/journal.pone.0176531
http://www.scxuebao.cn

4 1

B, 4. B SE TP rbe LR hspTOXT 55 T FIUAE 1) 15 2% 10 W) i 893

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

(23]

B MFZI[T]. K724, 2012, 36(8): 1304-1312.

Zhu Z B, Sun X, Xu N J, et al. Effects of salicylic acid
on the resistance of Gracilaria/Gracilariopsis lemaneiform-
is to high temperature[J]. Journal of Fisheries of China,
2012, 36(8): 1304-1312(in Chinese).

Livak K J, Schmittgen T D. Analysis of relative gene
expression data using real-time quantitative PCR and the
2-AACT method[J]. Methods, 2001, 25(4): 402-408.
Wang Y, Feng Y Q, Wang H F, et al. Physiological and
proteomic analyses of two Gracilaria lemaneiformis
strains in response to high-temperature stress[J]. Journal
of Applied Phycology, 2016, 28(3): 1847-1858.

Lu K X, Cao B H, Feng X P, et al. Photosynthetic
response of salt-tolerant and sensitive soybean varieti-
es[J]. Photosynthetica, 2009, 47(3): 381-387.

I, KA, 2R, & =B AN E CO,il = 3R
Rubiscoi& L 506 A1F IR R[], 2244k, 2014,
41(8): 1591-1600.

Pan L, LiuJ C, Li X J, et al. Correlation between rubisco
activase and photosynthesis of cucumber in greenhouse
under high temperature and elevated CO,[J]. Acta
Horticulturae Sinica, 2014, 41(8): 1591-1600(in
Chinese).

Parry M A J, Andralojc P J, Khan S, ef al. Rubisco
activity: effects of drought stress[J]. Annals of Botany,
2002, 89(7): 833-839.

Crafts-Brandner S J, Law R D. Effect of heat stress on
the inhibition and recovery of the ribulose-1,5-bisphospha-
te carboxylase/oxygenase activation state[J]. Planta,
2000, 212(1): 67-74.

Zhou'Y H, YuJ Q, Mao W H, et al. Genotypic variation
of Rubisco expression, photosynthetic electron flow and
antioxidant metabolism in the chloroplasts of chill-
exposed cucumber plants[J]. Plant and Cell Physiology,
2006, 47(2): 192-199.

Janda T, Gondor O K, Yordanova R, et al. Salicylic acid
and photosynthesis: signalling and effects[J]. Acta
Physiologiae Plantarum, 2014, 36(10): 2537-2546.

Chen Y E, Cui J M, Li G X, et al. Effect of salicylic acid
on the antioxidant system and photosystem II in wheat
seedlings[J]. Biologia Plantarum, 2016, 60(1): 139-147.
Shi Q H, Bao Z Y, Zhu Z J, et al. Effects of different
treatments of salicylic acid on heat tolerance, chlorophyll

fluorescence, and antioxidant enzyme activity in seedli-

[26]

[27]

[28]

[29]

[30]

311

[32]

[33]

[34]

[35]

ngs of Cucumis sativa L.[J]. Plant Growth Regulation,
2006, 48(2): 127-135.

Wang L J, Fan L, Loescher W, ef al. Salicylic acid
alleviates decreases in photosynthesis under heat stress
and accelerates recovery in grapevine leaves[J]. BMC
Plant Biology, 2010, 10: 34.

RO, TR RFTRE T MR KRG 4w A AE
SAMA )], B AR, 1998, 40(3): 256-262.

Wu W H, Pan R C. Effect of jasmonic acid methyl ester
on the photosynthesis of rice seedlings[J]. Acta Botanica
Sinica, 1998, 40(3): 256-262(in Chinese).

SR, K, B, SRRl T 52 K EK
TR e A R A BT E AL BRI R ], TR X M
H, 2011, 34(6): 933-940.

Jin W W, Zhang H H, Wang Y, et al. Effects of methyl
jasmonate on photosynthetic characteristics and
antioxidant enzyme of flue-curing tobacco seedlings
under drought stress and rehydration[J]. Arid Land
Geography, 2011, 34(6): 933-940(in Chinese).

Pandey D M, Goswami C L, Kumar B, et a/. Hormonal
regulation of photosynthetic enzymes in cotton under
water stress[J]. Photosynthetica, 2000, 38(3): 403-407.
Schuster G, Even D, Kloppstech K, et a/l. Evidence for
protection by heat-shock proteins against photoinhibition
during heat-shock[J]. The EMBO Journal, 1988, 7(1): 1-6.
Schroda M, Vallon O, Wollman F A, et al. A chloro-
plast-targeted heat shock protein 70(HSP70) contributes
to the photoprotection and repair of photosystem 11
during and after photoinhibition[J]. The Plant Cell, 1999,
11(6): 1165-1178.

Zhang H N, Li W, LiJ J, et al. Characterization and
expression analysis of 4sp70 gene from Ulva prolifera J.
Agardh (Chlorophycophyta, Chlorophyceae)[J]. Marine
Genomics, 2012, 5: 53-58.

Gu Y H, Zhang X, Lu N, et al. Cloning and transcription
analysis of Asp70-1 and hsp70-2 of Gracilaria lemaneifo-
rmis under heat shock[J]. Aquaculture, 2012, 358-359:
284-291.

Huovinen P S, Oikari A O J, Soimasuo M R, et al.
Impact of UV radiation on the early development of the
giant kelp (Macrocystis pyrifera) gametophytes[J].
Photochemistry and Photobiology, 2000, 72(3): 308-313.
KR, BB, AR T, 4. KR8 R hspT0RE R T b 5 %

http://www.scxuebao.cn


http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.1007/s10811-015-0723-1
http://dx.doi.org/10.1007/s10811-015-0723-1
http://dx.doi.org/10.1007/s11099-009-0059-7
http://dx.doi.org/10.1093/aob/mcf103
http://dx.doi.org/10.1007/s004250000364
http://dx.doi.org/10.1093/pcp/pci234
http://dx.doi.org/10.1007/s11738-014-1620-y
http://dx.doi.org/10.1007/s11738-014-1620-y
http://dx.doi.org/10.1007/s10535-015-0564-4
http://dx.doi.org/10.1007/s10725-005-5482-6
http://dx.doi.org/10.1186/1471-2229-10-34
http://dx.doi.org/10.1186/1471-2229-10-34
http://dx.doi.org/10.1002/embj.1988.7.issue-1
http://dx.doi.org/10.1105/tpc.11.6.1165
http://dx.doi.org/10.1016/j.margen.2011.10.001
http://dx.doi.org/10.1016/j.margen.2011.10.001
http://dx.doi.org/10.1016/j.aquaculture.2012.05.040
http://dx.doi.org/10.1562/0031-8655(2000)072%3C0308:IOUROT%3E2.0.CO;2
http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.1007/s10811-015-0723-1
http://dx.doi.org/10.1007/s10811-015-0723-1
http://dx.doi.org/10.1007/s11099-009-0059-7
http://dx.doi.org/10.1093/aob/mcf103
http://dx.doi.org/10.1007/s004250000364
http://dx.doi.org/10.1093/pcp/pci234
http://dx.doi.org/10.1007/s11738-014-1620-y
http://dx.doi.org/10.1007/s11738-014-1620-y
http://dx.doi.org/10.1007/s10535-015-0564-4
http://dx.doi.org/10.1007/s10725-005-5482-6
http://dx.doi.org/10.1186/1471-2229-10-34
http://dx.doi.org/10.1186/1471-2229-10-34
http://dx.doi.org/10.1002/embj.1988.7.issue-1
http://dx.doi.org/10.1105/tpc.11.6.1165
http://dx.doi.org/10.1016/j.margen.2011.10.001
http://dx.doi.org/10.1016/j.margen.2011.10.001
http://dx.doi.org/10.1016/j.aquaculture.2012.05.040
http://dx.doi.org/10.1562/0031-8655(2000)072%3C0308:IOUROT%3E2.0.CO;2
http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.1007/s10811-015-0723-1
http://dx.doi.org/10.1007/s10811-015-0723-1
http://dx.doi.org/10.1007/s11099-009-0059-7
http://dx.doi.org/10.1093/aob/mcf103
http://dx.doi.org/10.1007/s004250000364
http://dx.doi.org/10.1093/pcp/pci234
http://dx.doi.org/10.1007/s11738-014-1620-y
http://dx.doi.org/10.1007/s11738-014-1620-y
http://dx.doi.org/10.1007/s10535-015-0564-4
http://dx.doi.org/10.1007/s10725-005-5482-6
http://dx.doi.org/10.1186/1471-2229-10-34
http://dx.doi.org/10.1186/1471-2229-10-34
http://dx.doi.org/10.1002/embj.1988.7.issue-1
http://dx.doi.org/10.1105/tpc.11.6.1165
http://dx.doi.org/10.1016/j.margen.2011.10.001
http://dx.doi.org/10.1016/j.margen.2011.10.001
http://dx.doi.org/10.1016/j.aquaculture.2012.05.040
http://dx.doi.org/10.1562/0031-8655(2000)072%3C0308:IOUROT%3E2.0.CO;2
http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.1007/s10811-015-0723-1
http://dx.doi.org/10.1007/s10811-015-0723-1
http://dx.doi.org/10.1007/s11099-009-0059-7
http://dx.doi.org/10.1093/aob/mcf103
http://dx.doi.org/10.1007/s004250000364
http://dx.doi.org/10.1093/pcp/pci234
http://dx.doi.org/10.1007/s11738-014-1620-y
http://dx.doi.org/10.1007/s11738-014-1620-y
http://dx.doi.org/10.1007/s10535-015-0564-4
http://dx.doi.org/10.1007/s10725-005-5482-6
http://dx.doi.org/10.1186/1471-2229-10-34
http://dx.doi.org/10.1186/1471-2229-10-34
http://dx.doi.org/10.1002/embj.1988.7.issue-1
http://dx.doi.org/10.1105/tpc.11.6.1165
http://dx.doi.org/10.1016/j.margen.2011.10.001
http://dx.doi.org/10.1016/j.margen.2011.10.001
http://dx.doi.org/10.1016/j.aquaculture.2012.05.040
http://dx.doi.org/10.1562/0031-8655(2000)072%3C0308:IOUROT%3E2.0.CO;2
http://www.scxuebao.cn

894 KopE o R 43 45

TE[I]. TR AR (BT, 2012, 25(2): 17-25. 163.

Liu W, Yang R, Xu L N, ef al. Cloning and expression [371 LiH,LiuSS,YiCY,etal Hydrogen peroxide mediat-
of hsp70 for Porphyra haitanensis[J]. Journal of Ningbo es abscisic acid-induced HSP70 accumulation and heat
University (Natural Science & Engineering), 2012, tolerance in grafted cucumber plants[J]. Plant, Cell and
25(2): 17-25(in Chinese). Environment, 2014, 37(12): 2768-2780.

[36] LiG Q, Zang X N, Zhang X C, et al. Cloning of [38] HuXL,LiuR X, LiY H, et al. Heat shock protein 70

ubiquitin-activating enzyme and ubiquitin-conjugating regulates the abscisic acid-induced antioxidant response
enzyme genes from Gracilaria lemaneiformis and their of maize to combined drought and heat stress[J]. Plant
activity under heat shock[J]. Gene, 2014, 538(1): 155- Growth Regulation, 2010, 60(3): 225-235.

Responses of rbcl. and hsp70 to heat and phytohormone treatments in
Gracilariopsis lemaneiformis

LUYan', WANG Fangjun', LIN Lichun', XU Nianjun', LU Kaixing?, SUN Xue "
(1. School of Marine Sciences, Ningbo University, Ningbo 315211, China;
2. College of Science and Technology, Ningbo University, Ningbo 315211, China)

Abstract: Seaweed Gracilariopsis lemaneiformis is mainly used as the bait for abalone and raw material for agar
production in China. This macroalga is widely cultivated along the coasts of China from south to north, but its
cultivation period is limited by high temperature in summer. In the current study, the effects of heat and
phytohormone treatments on Rubisco large subunit (rbcL) and heat shock protein 70 (HSP70) were investigated by
using quantitative real-time PCR and Western blot technologies in G. lemaneiformis. The results showed that
transcript and protein levels of rbcL in G. lemaneiformis were inhibited by heat stress (33 °C), however, 100 pmol/L
salicylic acid (SA100) and 50 umol/L methyl jasmonate (MJ50) treatments reduced the inhibition of high temper-
ature on the expression of rbcL. In SA100 and MJ50 groups, the transcriptional expression of 7bcL increased to
1.31- and 1.32-fold at 3 h, and the protein levels of rbcL were enhanced to 1.36- and 2.10-fold at 24 h compared to
the heat-stress group, respectively. Moreover, SA100 and MJ50 effectively alleviated the inhibition effect of heat
stress on Rubisco activity, and recovered the Rubisco activation states. However, the addition of 50 pumol/L
abscisic acid (ABAS50) mainly inhibited rbcL expression and Rubisco activity. Heat stress stimulated the transcript
and protein levels of HSP70; Asp70 transcript expression further rose by 0.53—1.00 times at 3 h, and its protein
expression enhanced by 0.93-2.45 times at 24 h in the heat-stress group after applying SA100, MJ50 or ABA50. In
conclusion, SA, MJ and ABA play a certain role in regulating the inhibition of photosynthesis enzyme and the
induction of heat shock proteins caused by heat stress.

Key words: Gracilariopsis lemaneiformis; heat shock protein 70; Rubisco large subunit; heat stress; salicylic acid,
methyl jasmonate; abscisic acid
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