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(Chlorella pyrenoidosa)
%
1,2 1,2 1,2 1,2 1,2
(1. 3152115 2. 315211)
(Chlorella pyrenoidosa) , 70(HSP70)
(PGK) , 0—20pg/mL HSP70  PGK
, HSP70
cDNA 2405 bp, 60 bp 5’ (UTR) 1959 bp (ORF) 386 bp
3’-UTR PGK cDNA 1664 bp, 35bp 5°-UTR, 1398 bp ORF 231 bp 3°-UTR
HSP70 83%—91%, PGK
70%—75% PCR , HSP70  PGK 12h  24h
, 10 pg/mL , 12h 2.57 1.56 ,24h
1.71 1.79 1—20pg/mL
, 5 10 pg/mL
; ; 705 ;
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(Chlorella) (Chlorophyta) (heat stock proteins, HSPs)
Trebouxiophyceae (Chlorellaceae) ,
) , (Fu et al, 2009),
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pyrenoidosa) (C. ellipsoidea) ( Koizumi et al, 2014) ,
(CGF) HSPs (Timperio et al, 2008; ,2010)
, HSP70 ,
( ,2010) )
DNA
5 HSP ,
(Lei et al, (Undaria pinnatifida) (Laminaria
2010) (Li et al, 2015) (Jayakannan et al,  japonica) (Henkel et al, 2008; Fu et al, 2009)
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(Ulva pertusa) (Tominaga et al, 2010) HSP70
HSP70 Liu (2014) PGK
HSP90 ,
HSP70
(phosphoglycerate kinase, PGK)
1, 3- 1.1
3- , 820
ATP , s , /2 ,
(Wang et al, 2009) 25°C, 3500 Ix, 12L:
PGK (Wang et al, 2014), 12D
( , 2014), 1.2
(Ding et al, 2014), GenBank (Chlamydomonas
Shingaki-Wells  (2011) , s reinhardtii) HSP70 ,
PGK , ClustalX 1.83 ,
) cDNA ,
cDNA Primer Premier 5.0
HSP70 5"RACE 3'RACE (
PGK , 1)
£1 FEAKNIKE HSP10 F1 PGK R R EMK KX E2FMASIY
Tab.1 Primer sequences of cloning and real-time PCR for HSP70 and PGK in C. pyrenoidosa
HSP70 F CACTGGCCCTTCAAGGTGGT
R TCCTCRGCCAGCTGGTTGTG
5’ RACE 5GSP1 CGCAAACGCCGAAGGGCACGAGGG
5" RACE 5GSP2 GTGCCGCCACCCAAGTCAAAGATG
3’ RACE F1 AAGCCGTTGACGCTGCCATTGAGT
3’ RACE AP1 TACCGTCGTTCCACTAGTGATT
F2 CACCAGTATGGCGAAGGACG
R2 CCAGTCTCCCAGCTACTTGCAC
F3 AGCATCGCAAGCGTGTC
R3 CTCAATGGCAGCGTCAA
PGK F4 GCGGTTTGGTGTTTGGTGATT
R4 GCGTGTCATGGTCGAGAAGCT
F5 GAGCACCAGGTCTCGCAATG
R5 GACAGGTCGCCAACGCTCT
TBP F6 ATGGTTGGCTCTTGCGATGT
R6 ATCTTTGGGTCCACCATTCG
1.3 HSPI0 cDNA cDNA, cDNA
8000 r/min Smin PCR 1%
, Trizol PCR , GenClean
RNA, RNA s pMDI18-T ,

PrimeScript® RT reagent Kit (TaKaRa)

(E. coli) DH5a ,
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C )
1.4 HSP70 RACE
SMARTer™ RACE cDNA
(Clontech ) 5’
PrimeScript”® RT reagent Kit(Takara)
3> RACE cDNA , 3’ RACE adaptor
OligodT Primer Random 6 mers
cDNA , F
AP1 3’RACE PCR
1.5 HSPI0 PGK
HSP70 5’RACE
3> RACE cDNA
PGK
(UTR) ;
Pyrobest Polymerase (TaKaRa) PCR
1.3,
1.6 HSP70 PGK
HSP70  PGK NCBI  Blastx (http:

//www.ncbi.nlm.nih.gov/blastx) ;
OREF Finder (http: //www.ncbi.nlm.nih.gov/gorf/gorf.html)
; ExPASy Proteomics Server

(http: //web.expasy.org) ;

ClustalX MEGA 5.0 ND)
1.7 HSP10 PGK
35°C,
0 1 5 10 15 20pg/mL, ,
12h  24h HSP70  PGK
PCR (D TATA
(TATA-binding protein, TBP) ,
cDNA PCR () TBP
HSP70 PGK PCR

PCR SYBR" Premix Ex Taq™
, : 10 pL SYBR Premix Ex Tagq,
(10 pmol/L) 0.4 pL, 2 pL cDNA , RNA-free
20 uL PCR 95°C
2min; 95°C 15s, 55°C 15s, 72°C
20s 40 ; PCR
95°C 15s, 60°C 15s, 95°C 15s( )
A HSP70  PGK

Origin 7.0
1.8
24h  48h
680nm
n=(InN-InNo)/(t—1)
No to , N ¢t
( , 2000)
1.9
Origin7.0 ,
(one-way ANOVA),
P<0.05 , P<0.01
2
2.1 HSP70 PGK
HSP70 1518 bp
cDNA , 3" RACE
611 bp 900 bp 5'RACE ,
2405 bp HSP70 (GenBank
KP694307), 1959 bp (ORF) 60 bp
5’ (5°-UTR) 386 bp 3’
(3°-UTR) ORF 652 , Expasy
71.59 kDa,
5.12 F4 R4 1664 bp
PGK (GenBank : KP694308), 35 bp
5’-UTR, 1398 bp ORF 231 bp 3’-UTR,
ORF 465 , 49.16 kDa,
7.01
2.2 HSPI0 PGK
HSP70  cDNA
HSP70 ( D,
C.
variabilis 91%, (Arabidopsis
thaliana) 83% HSP70
HSP70 , 10—17
(IDLGTTYS) 203—216 IFDLGGGTFDVSLL) 339—354
(VVLVGGSTRIPKVQQ), C-
(EEVD)
HSP70
, HSP70

C. variabilis
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b 2 2 ( 2)
Chlorella vulgaris MTTPAIGIDLGTTYSC 16
Chlorella variabilis MSGPAIGIDLGTTYSC 16
Chlorella pyrenoidosa MAKDGPAIGIDLGTTYSC 18
Arabidopsis thaliana MAGKGEGPAIGIDLGTTYSC 20
Gossypium hirsutum MAGKGEGPAIGIDLGTTYSC 20
Oryza sativa Japonica Group MAKGEGPAIGIDLGTTYSC 19
Zea mays MAKGEGPAIGIDLGTTYSC 19
Chlamydomonas reinhardtii MGKEAPAIGIDLGTTYSC 18
Chlamydomonas sp. ICE-L MAQAPAIGIDLGTTYSC 17
Chlorella vulgaris EQNVIFDLGGGTFDVSLLT IEEGIFEVKATAGDTHLGGEDFDNRLVNFFVQE-FKRKHR 254
Chlorella variabilis EQNVLIFDLGGGTFDVSLLTIEEGIFEVKATAGDTHLGGEDFDNRLVNFFVQASFKRKHR 255
Chlorella pyrenoidosa EQNVLIFDLGGGTFDVSLLTIEEGIFEVKATAGDTHLGGEDFDNRLVTFFVQE-FKRKNK 256
Arabidopsis thaliana EKNVLIFDLGGGTFDVSLLT IEEGIFEVKATAGDTHLGGEDFDNRMVNHFVQE-FKRKNK 256
Gossypium hirsutum EKNVIFDLGGGTFDVSLLT IEEGIFEVKATAGDTHLGGEDFDNRMVNHFVQE-FKRKNK 256
Oryza sativa Japonica Group EKNVLIFDLGGGTFDVSLLTIEEGIFEVKATAGDTHLGGEDFDNRMVNHFVLE-FKRKNK 255
Zea mays EKNVLIFDLGGGTFDVSLLT IEEGIFEVKATAGDTHLGGEDFDNRMVNHFVQE-FKRKHK 255
Chlamydomonas reinhardti  ERNVIJIFDLGGGTFDVSLLTIEEGIFEVKATAGDTHLGGEDFDERLVNHFANE-FQRKYK 256
Chlamydomonas sp. ICE-L ~ ERNVLJIFDLGGGTFDVSLLTIEEGIFEVKATAGDTHLGGEDFDERLVNHFASE-FQRKHK 254
ki skok sk e ke ske sk koo L kK
Chlorella vulgaris FREKCMEPVEKVLRDAKMDKGQVNEVVLVGGSTRIPKVQQLLQDFFNGKELCKSINPDEAV 373
Chlorella variabilis FREKCMEPVEKVLRDAKMDKGQVNEVVLVGGSTRIPKVQQLLQDFFNGKELCKSINPDEAV 374
Chlorella pyrenoidosa FRECMDPVEKVLRDAKMDKGHVHENVVLVGGSTRIPKVQQLLMDFFNGKELCKSINPDEAV 375
Arabidopsis thaliana FRKCMEPVEKCLRDAKMDKSSVHDVVLVGGSTRIPKVQQLLQDFFNGKELCKSINPDEAV 375
Gossypium hirsutum FRKCMEPVEKCLRDAKMDKSSVHDVVLVGGSTRIPKVQQLLQDFFNGKELCKSINPDEAV 375
Oryza sativa Japonica Group FRKCMEPVEKCLRDAKMDKSSVHDVVLVGGSTRIPKVQQLLQDFFNGKELCKSINPDEAV 374
Zea mays FRECMEPVEKCLRDAKMDESSVHDVVLVGGSTRIPKVQQLLQDFFNGKELCKSINPDEAV 374
Chlamydomonas reinhardtic  FRKCMDPVEKCLHDAKMDKMTVHDVVLVGGSTRIPKVQQLLQDFFNGKELNKSINPDEAV 375
Chlamydomonas sp. ICE-L ~ FRKCMDPVEKCLRDAKMDKSTVHDVVLVGGSTRIPKVQTLLQDFFNGKELNRSINPDEAV 373
: £ £ Pk :
1 HSP70

Fig.1 Alignment of HSP70 amino acid sequences of C. pyrenoidosa and other species

g @, » 7R

C. vulgaris (ABR01232.1); C. variabilis (XP_005843891.1); A. thaliana (NP_187864.1); Gossypium hirsutum (ACJ11745.1); Oryza sativa
Japonica Group (NP_001044757.1); Zea mays (XP_008674843.1); Ch. reinhardtii (AAB00730.2); Chlamydomonas sp. ICE-L (ACX42438.1)

5 5
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Nicotiana tomentosiformis (XP_009620324.1)
Vigna radiata (AAS57912.1)
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Chlamydomonas reinhardtii (AAB00730.2)
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—— Chlorella pyrenoidosa
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Chlorella wilgaris (ABR01232.1)
9§|: Chlorella variabilis (XP_005843891.1)
Ulva prolifera (ADT89789.1)

Pyropia yezoensis (AHA93097.1)
Helicosporidium sp. ATCC 50920 (KDD73887.1)
Emiliania huxleyi CCMP 1516 (XP_005766295.1)
Volvox carteri f. nagariensis (EFJ48180.1)

100

0.1

2 HSP70
Fig.2 Phylogenetic tree of different species based on HSP70 amino acid sequences
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Blastx PGK ( 3 PGK
(Volvox carteri f. nagariensis) 75% R
, (Ch. reinhardtii) 73% , ) (
YVNDAFG AHRAHAST 4) HSP70 PGK

WNGPMGVFEF TIGGGDSV MSHISTGGGASLEL ,

Volvax carteri f. nagariensis
Chlamydomonas reinhardtii
Chlorella pyrenoidosa
Arabidopsis thaliana

Theobrama cacao
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Coccomyxa subellipsoidea C-169
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Arabidopsis thaliana
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3
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Fig.3 Alignment of PGK amino acid sequences of C. pyrenoidosa and other species
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A. thaliana (NP_176015.1); Theobroma cacao (XP_007022578.1); Zea mays (AFW78532.1); Pinus massoniana (A1274346.1); Pinus pinaster

(CBL95264.1); V. carteri f. nagariensis (XP_002951648.1); Ch. reinhardtii (XP_001699523.1); Coccomyxa subellipsoidea C-169

(XP_005651456.1)

2.3 HSP70 PGK (P<0.01); 24h  ( S5B) S
(P<0.01)
HSP70( 5) PGK( 6) 10pg/mL HSP70
12h  24h 2.57 24h 1.71
, HSP70 PGK , 0— 12h(  6A) 24h(
10pg/mL 1 5 10 15pg/mL
, (P<0.05), 5
10 pg/mL
10pg/mL PGK
12h  24h , HSP70 1.56 ,24h 1.79
(P<0.05), 12h ( HSP70 PGK ,
5A)1 5 10 15pg/mL

12h

6B)

, PGK

10 pg/mL

(P<0.01) 12h

10 pg/mL
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100 ,7 Arabidopsis thaliana (NP_176015.1)
72 - Brassica rapa (XP_009124670.1)
Nicotiana benthamiana (ADR71054.1)
82 4100‘: Solanum tuberosum (AAC26785.1)
100 Zea mays (AFW78532.1)

82 ' riticum urartu (EMS54865.1)
r Pinus massoniana (AlZ74346.1)

100 “ pinys pinaster (CBLO5264.1)
51 . Calothrix sp. PCC 7103 (WP_019495207.1)
100 ——— Fischerella sp. PCC 9339 (WP_017309094.1)
67 [ Volvos carterif f. nagariensis (XP_002951648.1)

100 L Chlamydomonas reinhardtii (XP_001699523.1)
Chlorella pyrenoidosa

Coccomyxa subellipsoidea C-169 (XP_005651456.1)

Isochrysis galbana (AAW79325.1)
84 Tetraselmis sp. GSL018 (JAC65873.1)

85

10

4 PGK
Fig.4 Phylogenetic tree of different species based on PGK amino acid sequences
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Fig.5 Effects of salicylic acid concentration on HSP70 relative expression of C. pyrenoidosa under
high temperature (mean+SD) (A: 12h, B: 24h)

a b c d e

2.0 2.0+

bd

-
[e]
1

1.6 bc bc be
ac | bc

ac

=N
N
1
jY]

1.2

o
[oe]
1

0.8+

PGKIEXIFRIAE
PGKIERIRIAE

°
S
1

0.4

o
o
I

0.0-
0 1 5 10 15 20 0 1 5 10 15 20

SANRE (ug/mL) SAXRE (ug/mL)

6 PGK (A: 12h, B: 24h)
Fig.6  Effects of salicylic acid concentration on PGK relative expression of C. pyrenoidosa under high temperature (mean+SD) (A: 12h, B: 24h)
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2.4 ( 98 9
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R 2.55 48h R 24h 1 5 10pg/mL
5-20pg/mL (P<0.05); 48h , 5
(P<0.05), 10pg/mL ,
2.07 10pg/mL , ,
R 5 10 pg/mL 1.10 1.34
2.5
3
(
0.104
A 0.104 B
b d
0.08+ b 0.08 bc ¢
a ab b
= 0.06 1 a 0.06
2 o
= a P:: a
0.04 - a 0.044
0.02 A 0.024
0.00+
0 1 5 10 15 20 0 1 5 10 15 20
SASKEE (ug/mL) SAKE (ug/mL)
7 (A: 24h, B: 48h)

Fig.7 Effects of salicylic acid concentration on C. pyrenoidosa grown in high temperature (mean+SD) (A: 12h, B: 24h)
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Fig.8 Effects of salicylic acid concentration on soluble protein content of C. pyrenoidosa under high temperature (mean+SD) (A: 12h, B: 24h)
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Fig.9 Effects of salicylic acid concentration on soluble sugar content of C. pyrenoidosa under high temperature (mean+SD) (A: 12h, B: 24h)
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EFFECTS OF SALICYLIC ACID ON GROWTH AND STRESS-RELATED GENES OF
CHLORELLA PYRENOIDOSA

DING Cong-Cong"? XU Nian-Jun"?, ZHANG Lin"? ~SUN Xue"?, LI Ya-He"?

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

Abstract  We cloned heat stock protein 70 (HSP70) and phosphoglycerate kinase (PGK) genes, and identified the effects
of 0—20.0pg/mL salicylic acid on the gene expression of HSP70 and PGK, algal growth, soluble sugar and protein

contents of Chlorella pyrenoidosa under high temperature stress. In this study, we obtained a 2405-bp HSP70 cDNA
sequence containing a 60-bp 5’-untranslated region (UTR), a 1959-bp open reading frame (ORF), and a 386-bp 3’-UTR;
and a 1664-bp PGK cDNA sequence containing a 35-bp 5’-UTR, 1398-bp ORF, and 231-bp 3°-UTR. Sequence comparison
and analysis showed that the homology of HSP70 reached 83%—91% with other green algae, and that of PGK was
70%—75%; both are highly conserved. RT-qPCR showed that with increase in salicylic acid concentration, both expression
levels of HSP70 and PGK increased at 12h and 24h, maximum in 10pg/mL salicylic acid. Compared to the control, the
expression levels of HSP70 and PGK in 10 pg/mL salicylic acid group at 12h exhibited 2.57-fold and 1.56-fold increase,
and 1.71-fold and 1.79-fold at 24h, respectively. Salicylic acid in 1—20pg/mL concentrations could improve the algal
specific growth rate, soluble sugar and protein contents. Therefore, salicylic acid in a certain concentrations could alleviate
high temperature stress, and the best results were observed in 5 and 10 pg/mL concentrations.

Key words Chlorella pyrenoidosa; salicylic acid; HSP70; phosphoglycerate kinase (PGK); high temperature stress



