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PCR 2 000~3 000 Ix, 12 h:12 h, 3
(341 ] (15£2) cm
(58] o] (300.5)
( )6 h )
Phrps7 , ACP
, RNA, cDNA
, (15£2) cm
’ (30£0.5)
’ ( 0 3 6 9 12
24 h RNA,
1 PCR 3
1.1 1.2
ACP 5’-RACE
7-61 F, (o1 head to toe
1 ;
(21+£0.5)
Fz1 ZEWHETRSIIMRFRIFS
Tab.1 Name and sequence of primers in this experiment
(5"-3)
primer primer sequence
ACP dT-RSL AAGCAGTGGTATCAACGCAGAGTTTTTTTTTTTTTTTTITTTTT
RSL2 AAGCAGTGGTATCAACGCAGAGTIHIAGGCGATGCC
UPM-L CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
UPM-S CTAATACGACTCACTATAGGGC
RACE NUP AAGCAGTGGTATCAACGCAGAGT
GSP CCCAGTTCTCCACCTGTCCTACC
NGSP GCCAATGTAGCCGTGCTTCTG
head to toe 1spl5F TCCCTCGTCCCGCTCTTCCT
rspl5R GAGGGAGCCGAATGTGGGTAT
rspl5qF TGCAGAAGCACGGCTACATT
4PCR rspl5qR AGTTCTCCACCTGTCCTACCTTG
18SF AATGTCGACAGGGCAAGTCTGGTGAA
18SR AACCCGGGCTCCATTAGAGTCTCTGAAG
1.3 RNA RNA, 10 pumol/L dT-RSL 2 uL, RNA
0.1 g, 12 uL, 70 2 min,
, EASYspin RNA 2 min PCR
( , 5xRT Buffer 4 uL, 10 mmol/L
RNA dNTP 1 uL, 20 mmol/L DTT 2 uL, 200 U/uL
14 1 uL, 42 90 min, 94
cDNA 0.5 2 min cDNA
mL PCR 1~3 ug DNA ,
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-20 PCR 50
ACP 5 uL, 10xadvantage PCR Buffer 5 uL, 10

0.5mL PCR , 20 uL mmol/L dNTP 1 pL, 50x advantage polymerase mix

10 x PCR Buffer 2 uL, 10 mmol/L dNTP 0.4 uL, 10 1 uL, NGSP(10 pmol/L)1 pL, NUP (10x,

pmol/L dT-RSL 1 pL, 10 umol/L RSL2 1 ) 5 uL, PCR-grade water

puL, 5 U/uL Tag DNA 0.1 uL, cDNA( 50 uL PCR ,

)1 uL, 20 uL PCR 27 15
94 5 min, 50 3 min, 72 1.2% ,
2 min, 1 ;94 408,65 40s,72 405,
35 ;72 5min PCR , ““1.47,
7 uL, 1.2% ““1.4>> MEGA 5.03
PCR ,
head to toe ,
DNA ( cDNA PCR ,
; )
PMD-18T (TaKaRa) 1.6 Phrps15a
E. coli DH5a. M13 ORF Finder(http://www.ncbi.nlm.nih.gov/
) , MiniBEST gorf/gorf.html)
Plasmid Purification DNA(TaKaRa, (ORF) ,
)
1.5 GenBank
ACP (Homo sapiens, NP_001010.2),
3’-polyA , (Mus musculus, P62245.2), (Danio rerio,
5 NP_997927.1), (Drosophila  melanogaster,
5’-RACE , NP _524709.1), (Brassica napus, Q00332.3),
(Arabidopsis thaliana, NP_172256.1),
Primer Premier 5.0 (Triticum aestivum, HMO055513.1),
5’-RACE (GSP) (Chlamydomonas reinhardtii, XP_001700656.1),
(NGSP) SMART RACE c¢DNA Amplifi- (Volvox carteri f.Nagariensis, XP_002947188.1)9
cation Kit (clontech) 1 ug  RNA S15a , MEGA 5.03
5’-RACE ¢cDNA , (unweighted pair group method
10 uL Tricine-EDTA Buffer 100 with arithmetic mean, UPGMAM) PhRPS15a
uL
5-RACE 5-RACE cDNA 2.5uL, 1.7 Phrps1Sa RT-
10xadvantage PCR Buffer 5 uL, 10 mmol/L dNTP 1 PCR

uUL, 50x advantage polymerase mix 1 uL, GSP Phrps15a PCR

(10 wmol/L)1 uL, UPM (10x, )5 Rspl5gF  Rspl5qR, 18S rRNA

uL, PCR-grade water 50 uL , Phrpsisa

PCR 94  30s,72 3 min,5 ; PCR

94  30s,70 3 min, 5 ;94 30s, 68 ( 0, 3,

3 min, 72 3 min, 27 ;4 10 min 6,9,12 24h ) RNA TaKaRa

PCR 50 5ul , PrimeScript® RT reagent kit ,
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Random 6 mers 25 uL ,
12.5 uL 2xSYBR® Premix Ex Tag™ 512 bp, 3’ 29bp  polyA
(TaKaRa), 0.2 umol/L 2uL , 5-RACE
95 1 min; 95 10s,62 30, 5 , 420 bp
40 55 95 ( 1-b), 3
PCR ABI7300 676 bp head to toe
PCR PCR , 1-c ,
10x cDNA PCR ,
, Phrps15a )
3 Excel  SPSS 13.0 ORF Finder
, 148 540
(One-Way ANOVA) (LSD) (ORF), ) 130
, P<0.05 , (2 BlastX
P<0.01
S8 ,
2
2.1 78%~80% 3
ACP , dT-RSL 20
RSL 20
, S15a s
dT-RSL  RSL2 Phrps15a GenBank ,
550 bp ( l-a) JN991055

(a) (b) (c)
1 BERERFIERBRFEREKTERIKE
(a) dT-RSL  RSL2 ; (b) 5’RACE ; (o) ; M1. 50 bp DNA marker; M2.
DL2000 DNA Marker; N. , H. ; . ; 1. 5-RACE ; 2.5-RACE
;3,42

Fig.1 Agarose electrophoresis of different expressed gene screening and gene full-length cloning
(a) Agarose electrophoresis of different expressed gene screening; (b) Agarose electrophoresis of gene full-length cloning by 5’RACE,;
(c) Agarose electrophoresis of validating of full-length gene; M1. 50 bp DNA marker; M2. DL2000 DNA Marker; N. thalli was cultured
under normal temperature; H. thalli was cultured under high temperature for 6 days; Arrow. fragment of differential expression gene; 1. the
amplified result of first cycle of 5-RACE; 2. the amplified result of second cycle of 5’-RACE; 3, 4. two parallel results).
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1 acatgggggtcctcatcgegectteccgacgecaccegetteecccctec
49 ctcgtcccgcetcttcctecgtcaaccccotgectecctgtattteocttgtta
100 tcgtttgtgcggecccgecaccggetgetttgtegecacgtgeggttegte
148 atggtgcgcatgagtgtgctgggcecgatgeccctcaagacgetgtcce

M V R M § V L G D A L K T L 8§
193 aatgcggagaagcgggggaagecggecaggtgatgetgeggecatceg
N A E K R 6 K R Q v M L R P 58
238 tccaaagtggtcatcaagtttctgcagatcatgcagaagcacgge
s K v v I K F L Q I M Q K H G
283 tacattggcgagtttgagtacgttgacgaccaccgggegggeaag
Y I ¢6G E F E Y VvV D D H R A G K
328 atcgtggtgaacttgatcgggeggetcaacaagtgtggtgtcate
I v v N L I 6 R L N K C€C G V I
373 tcgccccggtttgacgtcaaggtaggacaggtggagaactgggtce
s P R F D V K V G Q VvV E N W V
418 aacaacctgctgcccagccgtcagtttgggtacatcatgectcace
N N L L P 8 EKE O F G X I M L T
463 acctcgtacggcatcatggaccacgaggaggecgegegecaageac
T 8 Y 66 I M D H E E A R A K H
508 acgggtggcaagattctgggcltctlctat@ 540 gcgecet
T 6 ¢6 K I L G F F Y *
546 gcgctgctgctgectgcagattgacccccctgegtgegacacccac
591 ctccttgtatacggtgatcggccccgtataagaatatacccacat
636 tcggctccctcgaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 676

E 2 IREFZREAER S15« ERZERFII RN EEERFT
atg. . ltag

Fig. 2 Nucleotide and deduced amino acid sequence of ribosomal protein S15a of P.haitanensis
atg is the initiation codon, is the termination codon.
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Fig.3 Multiple sequence alignment of ribosomal protein S15a based on amino acid sequences

2.2 Phrps15a PredictProtein
ExPASy ProtParam (H) (E) @)
Phrpslsa , 130 26.92% 33.85% 39.23%
, Co64H1066N 183018057, Swiss-Model PhRPS15a
14787.3, 9.90, 4 3
(Asp+Glu) 11, .7 8
(Arg+Lys) 20, 28.97, 2.3 Phrps15a
92.85, -0.172, UPGMAM

RPS15a
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( 3 : RPS15a
, 2

, RPS15a

4 IREREERER S15a B =REH
Fig. 4 Three-dimension structure of ribosomal protein
S15a of P. haitanensis
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Fig. 5 Phylogenetic tree of ribosomal protein S15a
based on amino acid sequence
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PCR
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Fig. 6 Relative expression level of Phrps15a gene
under high temperature stress with different time
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Molecular cloning and expression analysis under high temperature
stress of ribosomal protein S15a gene from Porphyra haitanensis

MEI Gao-shang, JI De-hua, LI Bing, XU Yan, CHEN Chang-sheng, XIE Chao-tian"
(College of Fisheries, Jimei University, Xiamen 361021, China)

Abstract: Porphyra haitanensis is an economically important marine crop in southern China. A major
problem in Porphyra farming is thallus decay in response to high temperature stress. Molecular studies of
temperature stress can help to resolve the issue of thallus decay. In this study, to study the molecular
mechanism of high temperature tolerance in P. haitanensis, the technology of annealling control primer
(ACP) was used to screen the differential expressed genes in gametophytic blades of an F4 high tempera-
ture tolerance line Z-61. By the primers combination of dT-RSL and RSL2, one differential expressed gene
fragment was cloned. And the full length sequence of this gene fragment was cloned by 5’RACE technol-
ogy and named as PhrpsiS5a(acceession number JIN991055.1). The PhrpsiSa gene with a 676bp sequences
contains an open reading frame of 390 bp encoding a PhRPS15a protein of 130 amino acid residues. The
PhRPS15a protein which was assembled by 3 helices, 7 sheets and 8 cycles shared high amino acid sequence
identity with RPS15 from other organisms (78%-80%), and its molecular formula was CggsH1066N1880180S7-
Phylogenetic analysis showed that the evolution of PhRPS15a of animal, higher plant, green algae and
P haitanensis has unattached evolutional groups, and the PhRPS15a protein of P.haitanensis has closer re-
lation with RPS15a proteins from green alga than ones from other organisms. The results of real-time
quantitative PCR indicated that the expressed level of Phrpsi5a has close relation with high temperature
stress. Under high temperature stress, the expression of Phrpsi5a gene was down-regulated significantly.

Key words: Porphyra haitanensis; technology of ACP; ribosomal protein S15a; high temperature stress;

cloning; expression
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