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(Paul et al, 2008) 48 h 200 mg (Western blot)
, ) -6-
(Trehalose-6-phosphate synthase, TPS) 1.3 TPS
- -6- T6P, cDNA
T6P (Trehalose-6-phosphate (RACE) , 4 TPS s
phosphatase, TPP) TPS1—TPS4 ProtParam tool (https: //web.
-6- expasy.org/protparam/) TPS
SMART (http: //smart.embl-heidelberg.de/)
, TPS1 (Wahl TPS TMHMM (http://www.
et al, 2013) (Oryza sativa) , cbs.dtu.dk/servicessTMHMM/) TPS
TPS SignalP (http://www.cbs.dtu.dk/
(Li et al, services/SignalP/) Plant-mPLoc (http://www.csbio.
2011) , TPS1 , sjtu.edu.cn/bioinf/plant-multi/) TPS
TPS1 (Jiang et al, 2016) MEGA 7.0
TPS TPS ( , 2020), bootstrap
, 1000
TPS 14 TPS
(Triticum aestivum) (Glycine max) (2019) , 1.2
11 12 13 TPS , (Cajanus cajan) RNA cDNA actin  elF
28 TPS (Zang et al, 2011; Singh et al, , Primer Premier 5.0 TPS
2012; Xie et al, 2015) TPS RT-qPCR ( D,
, T-A
4 TPS , Eppendorf PCR
3 TPS (Mastercycler ep realplex, Germany)
RT-qPCR ,
, (2019) QAACT
(Livak et al, 2001)
1 1.5 Western blot
1.1 TPS
981 ,
(119°59'E, 26°43'N) , TPS1
, , , NDDPNRIRTTPRSIHC
5—10 cm , (2019)
23 °C, 40 pmol/(m”s), SDS-PAGE ,
12L : 12D, 30 (PVDF) , 5%
1.2 2 h, (1:200) 4°C
4 : (CK: 23 °C, , 3, 1:8000 HRP
30) (HS: 30 °C, 30) (SS: 23 °C, IgG ( , CW0103)
45) (OS: 23 °C, 30, 5% 1.5h, , Western Bright ECL
PEG6000), 1.1 , 3 (Advansta) s Tanon 5200
0 3 6 12h 100 mg , Image J

PCR(RT-gPCR)  ; 0 12 24
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%1 RT-qPCR #93|4)
Tab.l1 Primers used for RT-qPCR
(5"—39 (bp)
TPS1-F ACTACGACGGAACTCTTACCCC
TPS1 148
TPS1-R ACACCACGTCCCGATAAGATTA
TPS2-F ACTACGCTGGCGACAAAATG
TPS2 194
TPS2-R CTTCGCATTTGGCAGACGGT
TPS3-F GCAACCAATCTGCCCATCGT
TPS3 180
TPS3-R GCGGTTGGCGGAGTATCTTG
TPS4-F CGTGCCGCTGCCTATTGTTT
TPS4 174
TPS4-R CGCAGAAGGCTTGGCAGGAG
actin-F CTGAGGAGTTTGAAAGGGAGA
actin 203
actin-R GGAGCAAGAATAAGAGCCTGAA
elF-F CACCGAGACCTTTGACGACAT
elF 234
elF-R GGAGCAAGAATAAGAGCCTGAA
1.6 TPS )
Pramanik  (2005)
200 mg s 2.1 TPS
50 mmol/L  Tris-HCI (100 mmol/L 4 TPS 2 ,
NaCl, DTT PMSF, pH 7.5) GenBank MT919220 —
13000%g (4 °C) 5 min, MT919223 TPS3 , TPS1,
TPS Hottiger  (1987) 1140 1007 , TPS2
-6- UDP- TPS4 ,
UDP 340 nm UDP 849ku 100.6ku 4 , TPS1 TPS2 TPS4
g min 1 nmol UDP (pI 5.60—6.14), TPS3
V), Ulg (pl 7.94) 4 TPS 43.75—
(FW) 52.98 , =40 ,
1.7 TPS ; —-0.382
Excel 2013 , -0.229 ,
(mean+SD) SPSS 13.0 TPS ( D,
One-way ANOVA  Tukey 4 TPS N TPS
, P<0.05 RT-qPCR (Glyco-transf-20), C TPP
, 0Oh 1, (Trehalose-PPase) , TPS1
0.5 (Chang et N CBM-2
al,2014) (carbohydrate-binding module), TPS3 C
*®2 KM TPS EAFTIRIEARIFE
Tab.2 Characteristics of TPS sequences in G. lemaneiformis
(ku)
TPS1 Contig4915.8 1007 114.4 5.69 48.10 —-0.382
TPS2 Contig214.2 742 84.9 5.60 46.56 -0.328
TPS3 Contigl8.3 1140 127.2 7.94 52.98 -0.229
TPS4 Contigl74.1 893 100.6 6.14 43.75 -0.298
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TPS1 —@W GlycoiI?amnsf_ZO N TrehalsgaeTPPase e
8-102aa 177-656aa 709-939aa
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TPS2 Glyco_transf_20 | Trehalose_PPase
2-424aa 458-730aa
Pfam Pfam Pfam
TPS3 Glyco_transf_20 | Trehalose_PPase[ | Trehalose_PPase [~
139-648aa 764-822aa 933-1121aa
PS4 GchoiI?aTsf_ZO Trehalli)fsaen: PPase -
75-542aa 579-811aa
1 TPS
Fig.1 Domain compositions of TPS sequences in G. lemaneiformis
764—882 aa  933—1121 aa 1 TPP R TPS1 TPS2
TPS1—TPS4 TPS3
R TPS1 : , TPS1
TPS1 TPS2 , TPS3 (P>0.05) ,
TPS4 TPS1 , 6 h 12 h
2.2 TPS TPS1 0h 190 (P>0.05)
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( 2a) ,28 TPS 4 0h 239 2.74  (P<0.05),
R 1 TPS , TPS1
, TPS (G chorda)TPS , 6h
, 99% , TPS2 , TPS2
(Chondrus crispus)TPS 51%—77%, 3 4 ,
TPS (Pyropia TPS2 6h ,
haitanensis) (Galdieria sulphuraria) TPS2 R 3 6 12 h
TPS 0h 745 7.19 11.21
4 TPS (S. cerevisiae)TPS 3h (P<0.05) TPS1
2b) 4 TPS2 R 12h
TPS  ScTPS1 , ScTPS2 ScTPS3 (P<0.05)
ScTSL1 R 4 TPS TPS3 TPS3
ScTPS1 Leyman (2001) TPS3 6 h
11 TPS , AfTPS1—A¢TPS4 s 12h
ScTPS1 Class 1 TPS3 s
AtTPS5-A¢TPS11  ScTPS2 , Class II TPS3
, 4 TPS Class 1 TPS4
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Fig.3 Effects of different stresses on the expression of 7PS genes in G. lemaneiformis
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RESPONSE OF TREHALOSE-6-PHOSPHATE SYNTHASE (TPS) TO ABIOTIC STRESS
IN GRACILARIOPSIS LEMANEIFORMIS

ZHANG Ying-Ying, LYU Yan, XUAN Wen-Yan, ZHANG Xiao-Qian, XU Nian-Jun, SUN Xue
(School of Marine Sciences, Ningbo University, Key Laboratory of Marine Biotechnology of Zhejiang Province, Ningbo 315211, China)

Abstract The non-reducing disaccharide trehalose and its metabolites are signaling molecules that regulate the growth,
development, and stress response. In this paper, the responses of trehalose synthase (TPS) to high-temperature,
high-salinity, and osmotic stresses were investigated at three levels of gene transcription, protein, and enzyme activity of
seaweed Gracilariopsis lemaneiformis. Four TPS sequences of G lemaneiformis contained both TPS-family conserved
domains (Glyco-Transf-20) and TPP-family conserved domains (Trehalose-PPase), and belong to the Class I subfamily of
TPS. At the transcriptional level, high-salinity stress mainly promoted the expression of 7PS1, TPS2, and TPS4, while
TPS1, TPS2, and TPS3 were almost suppressed under osmotic stress. At the protein level, TPS1 was promoted a 2.03-fold
increment at 48 h under high-salinity compared with the control. TPS activity was increased at 24 h under high-temperature

and high-salinity stresses, and was inhibited at 48 h under high-salinity stress and at 24—48 h under osmotic stress. In

summary, the above results indicate that TPS was involved in the response of G. lemaneiformis to high-temperature and
high-salinity stresses, but was not sensitive to osmotic stress. This study will provide a reference for improving the
anti-adversity or breeding the stress-resistant varieties of G. lemaneiformis.

Key words Gracilariopsis lemaneiformis; trehalose; trehalose-6-phosphate synthase; abiotic stress



