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Tab.1 Name and sequence of primers in this experiment
purpose primer name (5'-3") sequence(5'—3")
3’RACE gene specific primer RGPXF1 GGTGACAAGCGCCCGTTTGATATCG
3'RACE nested primer RGPXF2 ACGATGGAAAGCGGATAGAGTGGAA
5'RACE gene specific primer RGPXRI1 TCTGCGGGCAAGCAACTCCACTTCCACC
qPCR qGPXF AAGTCGAGCATTGAGTCCACGTTTGG
qGPXR TGCCCGTCCGCGTTCACAGA
UBCF TCACAACGAGGATTTACCACC
internal control UBCR GAGGAGCACCTTGGAAACG
RV-M GAGCGGATAACAATTTCACACAGG
validate of positive clone M13-20 CGACGTTGTAAAACGACGGCCAGT
( D SMARTer RACE  6.07%% PhGPX
cDNA Amplification Kit (Clontech, )
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) PMDI19-T PCR , PhUBC ,
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: ProtParam(http://web.expasy. 5% cDNA qPCR ,
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: TMHMM Serverv.2.0(http:// 3
www.cbs.dtu.dk/services/ TMHMMY/); 1.7
: PredictProtein(https://www. SPSS18.0
predictprotein.org/); . ’ (One-Way ANOVA)
: SWISS-MODEL(http://swiss-
(LSD)
model.expasy.org/);
: WoLFPSORT (http://www. , P<0.05 P>0.05
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RGPXR1  RGPXFI1/F2( 1) Co11H1404N2420755Ss,
5" 3'RACE , 885bp 5'RACE 19.9 kD, 8.76,
422bp 3'RACE ( D, (Arg+Lys) 21,
, 1027 bp (Asp+Glu) 18, 34.95,
ORF finder , 81.68, —-0.018, PhGPX
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2000 WoLFPSORT PhGPX
1000
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300 PhGPX
?33 |
PhGPX GPX
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 PhGPY LAFPCNQF  GPX )
a: PhGPX 5-RACE ; b: PhGPX GPX KWNF(S/T)KFL(  3)
3"-RACE : M: DL2000 DNA Marker. 3 , GPX

Fig. 1 Agarose electrophoresis of RACE of PhGPX gene
a: 5'-RACE products of PAGPX; b: 3'-RACE products of
PhGPX; M. DL2000 DNA Marker.
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sequence identity: 43.31%

2 GPX
a: Swiss-Model GPX ; b: Swiss-Model GPX

Fig. 2 The three-dimensional structure of deduced GPX protein of Pyropia haitanensis
a: The three-dimensional structure of GPX stored in SWISS-MODEL template library; b: The three-dimensional structure of GPX
protein of Pyropia haitanensis deduced by SWISS-MODEL.
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3 (Cys42 GIn76 Trpl34), «¥» «> . . AAL14348.1,

(XP_002950450).
Fig. 3 Multi-alignment of amino acid sequence of GPX
The conserved amino acids motif of GPX are boxed, the conserved amino acids motif of phospholip hydroperoxide GPX is underlined and
amino acid residues (Cys42, GIn76, Trp134) which formed the catalytic triad in GPX are marked with gray background. Asterisks (*) and
colons (: ) indicate identical and similar amino acid residues, respectively. V.carteri, XP_002950450; C.reinhardtii, AAL14348.1.
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Fig. 4 Phylogenetic tree of GPX constructed with the neighbor-joining method
(Pisum sativum, AJ000508), (Ricinus communis, EF620778), (Zea mays, AF520911), (Nicotiana tabacum,
AB041518), (Arabidopsis thaliana, NM _128714), (Cucumis sativus, FJ036896), (Volvox carteri f. nagariensis,

XM_002950404), (Chlamydomonas reinhardtii, AY051144).
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Fig. 6 The relative expression levels of PhGPX gene in different level of high temperature or desiccation stress
a: high temperature stress; b: desiccation stress. Bar of each column with different letters mean significant difference (£<0.05).
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Cloning and expression analysis of the glutathione peroxidase gene
from Pyropia haitanensis

ZHANG Hanhan, XU Yan, JI Dehua, CHEN Changsheng, XU Kai, XIE Chaotian
Fisheries College, Jimei University, Xiamen 361021, China

Abstract: At normal situation, algac maintain a balance between reactive oxygen species (ROS) production and
scavenging states, and a little amount of ROS molecules can be used as intracellular signal transduction molecules
involved in biochemical metabolic processes. But under abiotic stress conditions, excessive accumulation of ROS
will cause oxidative damage to cell membrane, then resulting in irreparable loss of metabolic function and eventu-
ally leading to cell death. Algae evolved a complex antioxidant defense mechanism (including non-enzymatic
system of antioxidant enzymes and antioxidant enzymatic systems) to resist the damages of ROS. Glutathione
peroxidase (GPX) is an important member of the ROS scavenging enzymatic system, which can clean the lipid
peroxide and H,0,, its mechanism is to reduce ROS through catalytic the reactions between glutathione (GSH) and
lipid peroxides (ROOH) or free H,O,, thereby blocking the production of free radicals, inhibiting the peroxidation
processes of cells and protecting the enzyme activity of some sulfhydryl. Previous studies have concluded that the
level of GPX activity has a positive correlation with the ability of plants to adapt to adversity. So GPX synthe-
sis-related gene has been considered as an important stress resistance-related gene. Pyropia haitanensis, naturally
growth in coastal intertidal zone, is an important economic macroalgae in Fujian, Zhejiang, Guangdong provinces.
With tidal changes, the thallus required to undergo periodic dehydration and rehydration process, therefore it
should has a very strong adaptability to adversity. Simultaneously, with global warming, the temperature of sea
water increases, which causes damages to seedling of P. haitanensis and lead to big economic loss for aquaculture
industry. As for the physiological and molecular response of P. haitanensis to high temperature and dehydration
stress conditions, our previous studies found GPX plays an important role in stress resistance. In this study, the
full-length of GPX gene from Pyropia haitanensis was cloned by using rapid amplification of cDNA ends (RACE)
technology, which named PAGPX (GenBank accession: JX673908). The nucleotide sequence of PAGPX consists of
1027 bp, including an open reading frame (ORF) of 555 bp, which can be translate into a 184-amino-acid putative
peptides with a molecular mass of 19.91 kD and a theoretical PI of 8.76. Multiple sequence alignment and Phy-
logenetic analysis indicated that the protein belong to the plant GPX enzyme family. Expression patterns analyzed
by qPCR revealed that the expression of PAGPX gene between the thallus phage and conchocelis phage was not
significantly different; during high-temperature stress, the expression levels of PAGPX significantly upregulated
firstly and then decreased; However, during desiccation, the expression levels of PAGPX had no significantly
change when the water loss was <<40%, but as the desiccation continue, the expression levels of PAGPX were
significantly downregulated. These results suggested that the expression of PAGPX was induced by different stress
at different levels.
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