46 5 Vol.46, No.5
2015 9 OCEANOLOGIA ET LIMNOLOGIA SINICA Sep., 2015
(Gracilariopsis
[ [ *
lemaneiformis)
1,2 1,2 1,2 1,2 1,2
(1. 3152115 2. 315211)
— (SA) (MJ)
(MDA) (SOD) (CA) (NR) 4
, 100pmol/L SA (SA100) 50pumol/L MJ (MJ50) 50umol/L
SA+25umol/L MJ (SA50/MJ25) ,
1.78 1.65 1.29 3 , SA100 ; MDA
SA50/MJ25 SA100 SOD CA , MJ50
NR SA100 HSP70 MnSOD CA NR 2.04 4.65 2.15
1.58 ,MJ50 MnSOD CA NR 0.47 0.50 046 ,
SA50/MJ25 HSP70 , CA NR SA MJ
, SA100 , MJI50
Q946 doi: 10.11693/hyhz20150300081
(Gracilariopsis lemaneiformis) ,
(Rhodophyta) , ,
, , , (POX)
(APOX)
(Zou et al, 2014) , (Chakraborty et al, 2005)
981 ( , 2009),
(Wang et al, 2010) SA
, H,S , H,S
, SA (Li et al,
(salicylic acid, SA) 2- , 2015)

>

(Hayat et al, 2010)

* , 31072229
shuiwuhen1219@126.com

, 41376151

R , E-mail: sunxue@nbu.edu.cn

12015-03-18, :2015-06-23

(jasmonates, JAs)
) (jasmonic acid, JA)
(methyl jasmonate, MeJA  MJ)

B

, xkl141053 ,

, E-mail:



5 : (Gracilariopsis lemaneiformis) 1133

(Wasternack et al, 2002)

( ,2011)

(Clarke et al, 2009)

,SA  MeJA
3 (Salzman et al, 2005)
1
1.1
981 , ,
23°C 1
, 33°C , 2000—
3000 Ix, L:D (12h: 12h), Provasoli
(Provasoli, 1968)
1.2
1.2.1
0 50 100 150 200umol/L, (
M) 0 25 50 100
150pumol/L, SA/MJ 0 50/25
50/50 100/25  100/50pmol/L 3
1.2.2 500mg
, 1.2.1
SA MJ SAMJ 5 , 3
: RGR(%/d) = 100% x (InW—~InW,)/t,
W, t ( FW), W,
, 1 (Abreu et al, 2009)
1.2.3 (MDA) 1.2.2
3

SA100 (100pmol/L SA) MJ50 (50pumol/L MJ)  SAS50/
MJ25 (50pmol/L SA + 25umol/L MJ) ,

( ,2000) MDA
> Cmpa=6.54(As53—
Ag00)—0.56A4450 MDA ( , 2000)
1.2.4 (SOD)
SOD (A001-1, )
SOD
1.2.5 (CA) pH
(Moskvin et al, 1998), CA (WA)
: WA = (Ty/T-1)x10, Ty, T
pH

1.2.6 (NR)

(Iy1-2, )
NR 540nm s

NR
1.2.7 18S rDNA
, 70(HSP70) 18S rDNA
PCR (2012),
(MnSOD) Lu (2012)
(CA)
(NR) , Primer Premier 5.0 CA
NR PCR , CA

5'-AAGTCTCAAATGTCGCTCGCAA-3',
5'-TCGGGGAGTGGAAGTGAA CATT-3"; NR
5'-AGCCACGGGACTTTCACTGTTA-3';
5'-AAGTCTCAAATGTCGCTCGCAA-3'

C )

6h RNA,
cDNA PCR
2xSYBR Premix Ex Taq 10uL, cDNA 2.0uL,
0.5uL, RNase-free H,O 7uL.  PCR
: 95°C 2min; 95°C 10s, 58°C 15s, 72°C 20s;

40 Cr , 27Aact
(Livak et al, 2001)
1.2.8 Excel 2007
, SPSS13.0
, P<0.05 , P<0.01
2
2.1



1134 46
(D 1A R SA 2.65%, 1.65 ;
, 100umol/L. MJ 1.36
100pmol/LSA 100pumol/LSA , 25  150pumol/LMJ
3 3.19%, 1.78 /
(P<0.05) 50 150  200pmol/LSA , 1C , SA/MJ 50/25umol/L
4 SA , (2.37%),
50 100pmol/L MJ ( 1.29 (P<0.05) 3 SA/MI
1B) 50pumol/L MJ ,
5 401 a T 4075 g 40
3 S X
<30 ab a =g F M
& 20 P ool b 7 & 20
K W b ¥
4 1.0 4 10 10
L 00 ® £ o0
’ 0 50 100 150 200 0 25 50 100 150 0 50/25 100/25 50/50 100/50
SAMKE (umollL) MJIRE (umol/L) SAIMIRE (umol/L)
1
Fig.1 Effects of salicylic acid and methyl jasmonate on the relative growth rate of G. lemaneiformis (mean£SD)
a b ¢
2.2 —_ — ( 3) SA100 MDA
3 6 MJ50
4 MDA 2 4
( 2 3, MIJ50 , (P<0.05), 6 (0.064umol/g),
3 5 , MJ50 SA50/MJ25 MDA 2
SA50/MJ25 , 5 (P<0.05), 5
1.22 1.25  (P<0.05); 6 , 53.4% , 3
SA50/MJ25 , 110.99ug/g, MDA SA50/MJ25
1.85 (P<0.05) R
3 SAL00 o
s —=—SA100
2 o10f —— MJ50
3 SA50/MJ25 2 —— SA50/MJ25
< 0.08 .
£
120 —0 2 0.06 g
—=—SA100 ]
?100— —— MJ50 E aq 0041 . a
2 | ——SA50/MJ25 1 = b
g 80 i b % 0.02
60 [ 1 1 1 1 1 1 ]
o8t 78 00" 3 4 5 6 7
g 40+ f, 518 ()
I 20} c c
i-ﬂzg O |a 1 1 1 1 1 ] 3 MDA
0 1 2 3 4 5 6 7 Fig.3 Effects of salicylic acid and methyl jasmonate on the
698 (d) MDA content of G lemaneiformis (mean+SD)
2 2.4

Fig.2 Effects of salicylic acid and methyl jasmonate on the

2.3

proline content of G. lemaneiformis (mean+SD)

MDA
MDA

(P<0.05),

SOD
( 4 SOD 12h
SA100 SOD 3
MJ50  SAS50/MI25



5 : (Gracilariopsis lemaneiformis) 1135

24h, SA100 MIJ50 SA50/MJ25 . 24h ; MIJ50
SOD 119.95% 113.95% NR s 1.12  (P<0.05),
116.90%, , SA100 SOD
15+ =0
= SA100
B0 Ll a a @ a 8 MJ50
800 r 3SA100 ? 12 0 SA50/MJ25
700 | B MJ50 b2pb o
s OSA50/MJ25 4 s or
L 600F aaaa o
2 % o 6r aal a
2 &
Q 0
n 24
. . . iE (h)
6 NR
Fig.6 Effects of salicylic acid and methyl jasmonate on NR
4 SOD activity of G. lemaneiformis (mean£SD)
Fig.4 Effects of salicylic acid and methyl jasmonate on the
SOD activity of G lemaneiformis (mean£SD) 2.7 HSP70 MnSOD
25 3 6h HSP70
3 CA 7A SA100 MJ50  SA50/MJ25
( 5) 24h, 3 HSP70 2.04 0.81
, 48h, 1.54 SA100  SA50/MJ25
CA s SA100 MIJ50 HSP70 s SA100
SAS50/MJ25 CA 2.78 SA50/MJ25, MIJ50 HSP70
3.34 2.95 3.12 48h, SA100 (P>0.05)
CA 19.8%, 3 6h MnSOD
(P<0.05), CA 7B SA100 MIJ50 SAS50/MI25
MnSOD 4.65 0.47 1.11
1200 - 20 SA100 R
C gool  OSAS0MJ25 o , SA100
2 MnSOD , MJ50 MnSOD

£
2

&

o
2

b,

S
L

iyl

,,,
L

hd

e

, SA50/MJ25  MnSOD

e

3y

,,_7
o

iy

,,_Y
L

]

,F
h

phy!

2

o
%
I

£
b,

2.8 CA NR
5 CA 3 6h CA
Fig.5 Effects of salicylic acid and methyl jasmonate on CA 8A SA100 MIJ50 SA50/MJ25 CA

activity of G. lemaneiformis (mean£SD)

2.15 0.50 0.61

2.6 3
4 NR SA100 CA

( 6), 24h, MIJ50  SAS0/MI25 CA

SA100 MJS0  SAS0/MI25 NR 3 6h NR
Oh 61.16% 59.72% 56.44% 59.04%; 8B SA100 MIJ50 SAS50/MJ25 NR

4 48h, NR 1.58 0.46 0.43 3



1136

46

25

A a

% 2.0 b
% 1.5 c
@ 1.0 ¢
o
w 0.5 .
T

00 Il 1 1

0 SA100 MJ50 SA50/MJ25
A=A

7 HSP70

u]@ﬂ 5.0 B
Ha0
1
3.0
o b
. C
00 1 1 - L ._l

0 SA100 MJ50 SA50/MJ25
A=A

MnSOD#EXY

MnSOD

Fig.7 Effects of salicylic acid and methyl jasmonate on the expression of HSP70 and MnSOD genes of G. lemaneiformis (mean£SD)

CAMBXYZR

251 a

@2.0

w 1.5 b
al.
0.0 ' . L

0 SA100 MJ50 SA50/MJ25
8
Fig.8
, MJ50 SA50/
MJ25
SA100 NR , MJ50  SAS50/
MJ25 NR
NR CA
3
3.1
SA
(Eraslan et al, 2007)
, 10 >mol/L
SA 10° 10 *mol/L SA
(Fariduddin et al, 2003) 100pmol/L SA
, (2012)
10pg/mL
SA MJ
100pmol/L 50umol/L
50/25umol/L,
0.78 0.65 0.29
SA  MJ
, SA100>MJ50>SA50/
MJ25

204

15

= b

1.0

e c c

=05

1

< 00 1 1 . 1 -_1
0  SA100 MJ50 SA50/MJ25

BRA
CA NR

Effects of salicylic acid and methyl jasmonate on the expression of CA and NR genes of G. lemaneiformis (mean£SD)

3.2
SA ,
(Chakraborty et al, 2005)
(2012) , 10.0pg/mL SA 3,
26% 3
, 5
6 , MJ50  SAS50/MIJ25
SA100
(2011) SA MJ
MDA (2012) 10.0pg/mL
SA MDA 10%
MDA
MDA )
3
SA50/MJ25 MDA ,
SA100 MDA
(SOD) ,
SOD (Wang et al, 2006;
,2011)
, SA100 SOD



5 (Gracilariopsis lemaneiformis) 1137
33 (Yanagisawa, 2014)
CA s CO, HCO; NR mRNA
, (Hoff et al, 1994) SA100 NR
(Smith et al, 2000) CA ,MJ50  SA50/MJ25 NR
) NR ,3 NR
, CA
(Hayat et al, 2001) 10pumol/L
CA (Lazova et al,
1999) , SA100 48h
CA
NR 5 NO; >
NO,; SA NR SA MJ
(Fariduddin et al, 2003); SA ) MDA )
CA NR (Hayat et al, 2008) SOD ,
MIJ50 48h NR CA s NR
s NR 3 4
34 >
HSP70 , , SA100 :
, MIJ50 R SA50 MIJ25
SA100  SAS0/MJ25
6h HSP70 s MJ50 HSP70
(2012) 10pg/mL
2014.
24h  HSP70 , ’ ’ ’
, 38(7): 920—928
MnSOD SOD , ; , , 2012.
MnSOD , 36(8): 1304—1312
32°C (Lu et al, 2012) SA » 2000.
MnSOD i ,258—260
) ) , 2011.
SA MnSOD ( R
2014) SA100 MnSOD , 27(28): 150—157
. MJ50 MnSOD , SA50/ , i , 2009.
MIJ25 MnSOD , 39(5): 947—954
CA > ) , 2014. MnSOD  CAT
( . 2014), , 38(12): 1976—19?4'1
Abreu M H, Varela D A, Henriquez L et a/, 2009. Traditional vs.
CA integrated multi-trophic aquaculture of Gracilaria chilensis
SA100 CA MJ50 SA50/ C. J. Bird, J. McLachlan & E. C. Oliveira: productivity and
’ physiological performance. Aquaculture, 293(3—4): 211—220
MJ25 CA SA100 CA Chakraborty U, Tongden C, 2005. Evaluation of heat acclimation and
CA SA100 salicylic acid treatments as potent inducers of thermotolerance
’ in Cicer arietinum L. Curr Sci, 89(2): 384—389
CA Clarke S M, Cristescu S M, Miersch O et al, 2009. Jasmonates
NR act with salicylic acid to confer basal thermotolerance in
Arabidopsis thaliana. New Phytol, 182(1): 175—187
(Hoff Eraslan F, Inal A, Gunes A et al, 2007. Impact of exogenous
et al, 1994) NLPs LBD HY5 salicylic acid on the growth, antioxidant activity and
’ Nl:{ physiology of carrot plants subjected to combined salinity

and boron toxicity. Scientia Hort, 113(2): 120—128



1138

46

Fariduddin Q, Hayat S, Ahmad A, 2003. Salicylic acid influences
net photosynthetic rate, carboxylation efficiency, nitrate
reductase activity, and seed yield in Brassica juncea.
Photosynthetica, 41(2): 281—284

Hayat Q, Hayat S, Irfan M et al, 2010. Effect of exogenous
salicylic acid under changing environment: A review.
Environ Exp Bot, 68(1): 14—25

Hayat S, Ahmad A, Mobin M et al, 2001. Carbonic anhydrase,
photosynthesis, and seed yield in mustard plants treated with
phytohormones. Photosynthetica, 39(1): 111—114

Hayat S, Hasan S A, Fariduddin Q et a/, 2008. Growth of tomato
(Lycopersicon esculentum) in response to salicylic acid
under water stress. J Plant Int, 3(4): 297—304

Hoff T, Truong H-N, Caboche M, 1994. The use of mutants and
transgenic plants to study nitrate assimilation. Plant, Cell &
Environmnet, 17(5): 489—506

Lazova G N, Kicheva M 1, Popova L P, 1999. The effect of
abscisic acid and methyl jasmonate on carbonic anhydrase
activity in pea. Photosynthetica, 36(4): 631—634

Li Z G, Xie L R, Li X J, 2015. Hydrogen sulfide acts as a
downstream signal molecule in salicylic acid-induced heat
tolerance in maize (Zea mays L.) seedlings. J Plant Physiol,
177(1): 121—127

Livak K J, Schmittgen T D, 2001. Analysis of relative gene
expression data using real-time quantitative PCR and the
27T method. Methods, 25(4): 402—408

Lu N, Zang X N, Zhang X C et al, 2012. Gene cloning,
expression and activity analysis of manganese superoxide
dismutase from two strains of Gracilaria lemaneiformis
(Gracilariaceae, Rhodophyta) under heat stress. Molecules,
17(4): 4522—4532

Moskvin Q V, Razguliayeva A Y, Shutova TV et al, 1998. Carbonic
anhydrase activity of different photosystem II preparations. In:
Garab G ed. Photosynthesis: mechanisms and effects. The
Netherlands: Kluwer Academic Publishers, 1201—1204

Provasoli L, 1968. Media and prospects for the cultivation of
marine algae. In: Watarnable A and Hattori R (eds) Culture
and collection of algae. Proceedings of the US-Japan
Conference, Hakone: Japan Soc Plant Physiol, 63—75

Salzman R A, Brady J A, Finlayson S A et al, 2005.
Transcriptional profiling of Sorghum induced by methyl
jasmonate, salicylic acid, and aminocyclopropane carboxylic
acid reveals cooperative regulation and novel gene responses.
Plant Physiol, 138(1): 352—368

Smith K S, Ferry J G, 2000. Prokaryotic carbonic anhydrases.
FEMS Microbiol Rev, 24(4): 335—366

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

Wang L J, Li S H, 2006. Salicylic acid-induced heat or cold
tolerance in relation to Ca’" homeostasis and antioxidant
systems in young grape plants. Plant Sci, 170(4): 685—694

Wasternack C, Hause B, 2002. Jasmonates and octadecanoids:
Signals in plant stress responses and development. Prog
Nucleic Acid Res Mol Biol, 72: 165—221

Yanagisawa S, 2014. Transcription factors involved in controlling
the expression of nitrate reductase genes in higher plants.
Plant Sci, 229: 167—171

Zou D H, Gao K S, 2014. Temperature response of photosynthetic
light- and carbon-use characteristics in the red seaweed
Gracilariopsis lemaneiformis (Gracilariales, Rhodophyta). J
Phycol, 50(2): 366—375

EFFECTS OF SALICYLIC ACID AND METHYL JASMONATE ON PHYSICOCHEMICAL
PROPERTY AND GENE EXPRESSION OF GRACILARIOPSIS LEMANEIFORMIS
UNDER HEAT STRESS

WANG Chong-Bin"?, ZOU Tong-Lei"?, SUN Xue"?, WANG Fang-Jun"? XU Nian-Jun"?

(1. School of Marine Sciences, Ningbo University, Ningbo 315211, China, 2. Key Laboratory of Marine Biotechnology of Zhejiang
Province, Ningbo 315211, China)

Abstract
adverse environments. In this study, the effects of SA and MJ on growth, proline and MDA contents, activities of SOD, CA

Salicylic acid (SA) and methyl jasmonate (MJ) are two new types of phytohormone which can resist effectively in

and NR, and 4 relevant gene expressions in high-temperature-cultured Gracilariopsis lemaneiformis, were investigated.
Results showed that 100pmol/L SA (SA100), 50pmol/L MJ (MJ50), and 50umol/L SA+25umol/L MJ (SAS50/MJ25)
experimental groups could promote notably the algal growth by 1.78, 1.65, and 1.29 times compared to the control,
respectively. Proline contents were enhanced in all the three treatments, highest in SA100 group, whereas SA50/MJ25 had
the strongest effect on reducing MDA content. In the SA100 group, enzymatic activities of SOD and CA were enhanced
significantly, while enzymatic activity of NR in MJ50 group was improved. After treated with SA100, expressions of
HSP70, MnSOD, CA and NR genes were improved by 2.04, 4.65, 2.15, and 1.58 times of the control. In addition,
expressions of MnSOD, CA and NR genes in MJ50 group decreased by 0.47, 0.50, and 0.46 time of the control. In
SAS50/MJ25 group, expression of HSP70 gene was enhanced but those of CA and NR genes were depressed. Therefore, SA
and MJ could alleviate heat stress on G. lemaneiformis strongest in SA100 group and smallest in MJ50 group.

Key words salicylic acid; heat stress; gene expression
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