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Cloning of 6-phosphogluconate dehydrogenase gene cDNA
fragments from cucumber and expression analysis
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Abstract; With homology-based PCR strategy, a fragment ¢cDNA named CSPG ( accession number EU815934) was cloned from
Cucumis sativus “ Lufeng’. The length of CSPG was 1 207 bp, which encompassed an open reading frame ( ORF) with 936 bp
encoding 311 amino acid residues and 271 bp non-translation 3’-terminal end region, and no intron existed in CSPG. The protein
encoded by CSPG was more than 75% highly homologous 6-phosphogluconate dehydrogenase gene (6PGDH) of Arabidopsis thali-
ana, Glycine max, Oryza sativa, Zea mays, Spinacia oleracea. The expression of 6PGDH was analyzed by semi-quantitative RT-
PCR indicating that the gene had expression in leaf, root and stem, and that the amount of expression was higher in heat stress than
normal temperature. Which showed that expression of 6PGDH was related to heat stress.
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1 MRE5EFE
1.1 R

SR AR A R A K 2 B TR 4R (LAY BN S R EE = (Cucumis sativus * Lufeng” ) . Bl
TR T KEERFIRE T AT ER PSR, BEHN38C, MBEFIEER28 C, BHIEEYN
14 h, #iFKE2~3 FEMERET . B, £

M-MLV [ #5588, pMDI19 - T #fk | Tag MK TaKaRa 246 /= 0, KIAFFE TOPI0 R ALK % {&
. Trizol EE L KFCAA T,
1.2 HiE
1.2.1 DNA., RNA R ER#EF  #/I0F H DNA 3RBCR AT CTAB 3%, RNA $#25UR A Trizol iR 7
U MBREBUBT . AR . ZXA9.54 RNA, Ll Oligo (dT),,: 5'-GACTCGAGTCGACATCGATTTTTTTTTTT-
TTT-3"'" PN R #5197, M-MLV 5% kB4 A cDNA,
1.2.2 BWERFRBNEERSH 1) 6PCDH EH 3 Ak BMy ., SRS, K8, KE%EN
6PGDH cDNA J£3|) 3 E RSP & B %), it LR 514 S1: 5'-GCNTGGMGNMGNGTNGTNGG-3',
DARCEE %514 Oligo (dT) R TS99, LA cDNA AR TT 2 Ik PCR 4714, PCR RWIKZR A 20 ul., H
F1 &% 10xPCR Buffer 2.0 pL, 4 ¢cDNA 1 uL, 200 wmol - L™ dNTP 1.6 wL, 2.0 mmol - L™ MgCl, 1.6
ul, 0.5 pmol - L™ EFi81#% 1 ul, 1 U Tag #§0.2 pL, ddH,0 11.6 pL, 55 1 &4 1 4404H. 94 C 3
min; 94 °C 30's, 45°C 30s, 72 °C I min, 35 MEH; 72 C 10 min, 4 CHAE; F2 R PCRY ML |
PCR ¥ it , BRI 50 C, HRKZMME. 2) 6PCDH HF PR By 1, #R4E NCBI £
EEF I, KK, KE %/ 6PGDH cDNA [F5| LA G R F AR T3], &It LiEs|4 s2. 5'-
GGNAAYTTYGTNAARATGGT-3', #RIFC 15800y 3" K i BF 5111t N 519 A2: 5'-CTGCTATCTACTC-
CCCTAA-3", 45114 cDNA .| DNA F#ti#E4T PCR ¢4, RIMIKZF L, &4FHk: 94 C 3 min; 94 C 30
s, 50°C 30's, 72C 1.5 min, 35 MEH; 72 C 10 min, 4 CHAF. 3) HIOH BB, TR R4, [0l
Wery H i BOEEE] pMDI9 - T 84 |, =W 02 S KT TOP10, 175 (BERTE, BREuS
PEEFDF 1 mL LB (& 100 mg - L & FEHEE) MASESHREP, BEE37 C, 150 r - min " JR%GHEFIIRH
TEAARI 444 T UEFT PCR P88, RS Mb i e R AG G A BEAOR/N 7 B o b i (0 A 4
AF5ERL, 7 NCBI 3 i ##1T BLAST A8 Eed, I DNAman BT 2551 HUXT R RIIRAE 2047
1.2.3 FEMET 6PGDH EAE[/EPHRIE WRFEC /I CSPC J7 51t L4 S3: 5'-
CTAGCCTTGCCTATTTCG-3', Te5|4h A2 ([E.L), B3 K5 R 341 bp, LA actin FAFRIEEEM
MR Z£ cDNA BRVEEE, #47 6PGDH B:F mRNA #FE 5 R ik 47 .
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2.1.1 H/X6PGDH EH 3'sHAI5eRE  LInt jy cDNA WA, FIRIFS14) SI f Oligo (dT), X H 172
K PCR Y1, 4504 88 72 300 ~ 600 bp HSZHIIREZRW (1), PCR “H4lifb)5 5 pMDI9 - T #ik
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EE, EETYRRZERIGIFE TOP10, ZEAKRIRS, DAL MvE B4 mRAER, LslY
SI A0 Oligo (dT) ,#E1T PCR J st A A0S, WP ifeth &4 ST . K.
HBF 9 FRIRMER T 75% /) 511 bp A BMEA IR (K 2), % BoRi & A 15 bp 49 Poly A 4544, %
W R v i B B R Bt 30 (1813),

GCTTGGAGGAGAGTCGTGGGGTTGGCCATATCGGCAGGGATCAGCACCCCGGGGATGT
GTGCTAGCCTTGCCTATTTCGACACATACAGGCGTGCTAGGCTGCCTGCCAATCTTGTG
CAGGCGCAAAGAGACTTATTTGGGGCTCATACATATGAGCGGGTGGATCGCCAAGGCT
CCTACCACACAGAGTGGACAAAGCTGGCTCGCAGTGCTGATGCTGGAGTTGGCATTTT
CAACTGAGCCTTTGAGCTGCCTACCAATTTGGCTGGTTTTCTTTCTCTGCTTCAATTGG
GTGCAAATTTCCTACTTGATTTTGCTTGCCCATTTICAAAAGTTAGTAGGTTTTCTTTTTT
GTATCACAGTTTGGACAGTCTTCCATGCTTCTTAGGGGAGTAGATAGCAGATAATTTTTA
CTGGCCTTGAGTATTTGCTATGAATAATAATTAATAAGGAAAAAACAAGAAAGAAGCA
ACAGCTGCAGAATGGCCATTGAGTTCAAAAAAAAAAAAAAA

B3 6PGDH iy 3' Kintx B EEFF 5l
Fig.3 3'end nucleotide sequences of 6PGDH

K% 6PGDH &

PRFZ RO AL FEM, TRIZASPEFEREMNESEXE. The shaded region was the terminator code, and the underlined part was

superposed filed with middle fragment.
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Fig. 4 The electrophoresis results of 6PGDH gene PCR products

M. DL 3000 DNA £i#E4r T4 DL 3000 DNA marker; 1.

GGGAATTTTGTGAAGATGGTGCATAATGGTATTGAATATGGTGATATGCAGCTCATTT
CGGAGGCCTACGACGTTTTGAAACGTGTCGGAGGGTTGTCCAATTCCGAATTGGCTG
ACATTTTCTCTGAGTGGAACAGGGGGGAGTTGGAGAGCTTTCTAATTGAGATATCAGC
TGATATCTTTAAAGTTAAAGATGAACATGGTGATGGGGAATTGGTCGATAAGATTTTG
GACAAGACTGGGATGAAAGGAACTGGGAAATGGACTGTGCAGCAAGCTGCTGAGCT
TTCCATTGTAGCGCCAACGATTGCAGCCTCGTTGGATTGTAGATACTTGAGTGGATTG
AAGGACGAGAGGGAAAGTGCGGCGGAGGTGTTGAAGGAAGCAGGTATGACGGATAG
TGTAGGATCCGTGAGAAGTGGGATTGACAAGAAGAAGTTGATTGAAGATGTAAGGCA
AGCTTTGTATGCCTCCAAGATTTGCAGCTATGCTCAGGGGATGAACTTGCTAAGGGCC
AAGAGCTTGGAGAAGGGATGGAACTTGAATTTTGGGGAATTGGCGAGGATTTGGAAA
GGTGGGTGCATCATAAGAGCTGTGTTCTTGGACAGGATCAAGAAGGCATATCAGCGC
AATCCCAACCTTGCTAGCTTGCTGGTGGATCCTGAGTTTGCTAGAGAGATGGTGCAGA
GGCAGGCTGCTTGGAGGAGAGTCGTGGGGTTGGCCATATCGGCAGGGATCAGCACCC
CGGGGATGTGTGCTAGCCTTGCCTATTTCGACACATACAGGCGTGCTAGGCTGCCTGC
CAATCTTGTGCAGGCGCAAAGAGACTTATTTGGGGCTCATACATATGAGCGGGTGGA
TCGCCAAGGCTCCTACCACACAGAGTGGACAAAGCTGGCTCGCAGTGCTGATGCTGG
AGTTGGCATTTTCAACTGAGCCTITGAGCTGCCTACCAATTTGGCTGGTTTTICTTTCTC
TGCTTCAATTGGGTGCAAATTTCCTACTTGATTTTGCTTGCCCATTTCAAAAGTTAGTA
GCTTTTCTTTTTITGTATCACAGTTTGGACAGTCTTCCATGCTTCTTAGGGGAGTAGATA
GCAG

5 6PGDH BEE B R BNZRERFT
Fig. 5 Middle nucleotide sequences of 6PGDH
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BASZERA MBlY, FRIL RS 3 KRB ESRXE . The shaded region was the primer code, and the underlined part was superposed

filed with 3’end fragment.
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Fig. 6 Alignment of predicted amino acid sequences of 6PGDH from different species
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IF. KRE. KRG, k. 338 6PGDH MRIEHARL 75% LA b, BLBTZEE N B IR Fr 51 A R s RO OR<T
P, BRTER EMRAWETIN 6PCDH FH [ CFRRHA, 18I 5 SNH RBHE— AL SRR B I 6E
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PEEE T HEA

SEH:

(1] klH, E8E. AEdk¥ [M] dbal: @%3E haMat, 1990 104
[2] van Assche F, Cardinaels C, Clijsters H. Induction of enzyme capacity in plants as a results of heave metal toxicity: dose-response relation

in Phaseolus vulgaris L. treated with zinc and cadmium [J]. Environ Pollut, 1988, 52(2): 103 115



42

ROk b K% 2 # %33 %

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]
[11]

[12]

[13]

[14]

[15]

(16]
[17]

(18]

Slaki J §, Zhang G, Basu U, et al. Aluminum resistance in wheat( Triticum aestivum L. ) is associated with rapid, Al-induced changes in
activities of glucose-6-phosphate dehydrogenase and 6-phosphoglucanate dehydrogenase in root apices [ J]. Physiologia Plantarum, 1996,
98. 477 -484

Sindeldr L, Sindeltovs M, Burketovd L. Changes in activity of glucose-6-phosphate and 6-phosphoglucanate dehydrogenase isozymes upon
potato virus Y infection in tobacco leaf tissues and protoplast [J]. Plant Phsiol Biochem, 1999, 37(3): 195 -201

Redinbaugh M G, Campbell W H. Nitrate regulation of the oxidative pentose phosphate pathway in maize( Zea mays L. ) root plastids induc-
tion of 6-phosophoglunconate activity, protein and transcript levels [J]. Plant Science, 1998, 134(2): 129140

Fahrendorf T, Ni W, Shorroosh B S, et al. Stress responses in alfalfa( Medicago sativa L. ). XIX. Transcriptional activation of oxidative
pentose phosphate pathway genes at the onset of the isoflavanoid phytoalexin response [J]. Plant Mol Biol, 1995, 28. 885 —900
Alexandrov N N, Troukhan M E, Brover V V, et al. Features of Arabidopsis genes and genome discovered using full-length ¢DNAs [J].
Plant Mol Biol, 2006, 60: 69 —85

Krepinsky K, Plaumann M, Martin W, et al. Purification and cloning of chloroplast 6-phesophoglunconate dehydrogenase from spinach
[J]. Eur J Biochom, 2001, 268: 2678 —2686

Huang Ji, Zhang Hongsheng, Wang Jianfei, et al. Molecular cloning of rice 6-phosphoglucanate dehydrogenase genes that is up regulated by
salt-stress [J]. Mol Biol Reports, 2003, 30; 223 —227

Murray M G, Thompson W F. Rapid isolation of high molecular weight DNA [J]. Nucl Acids Res, 1980, 8(19): 4321 -4326
Wk, B, %HE, % & T cDNA-AFLP ME/R40N & RNA SREFR BB E [J]. THRRYKERHR, 2007, 29(1).
129 -133

Hayashi H, Huang P, Takada S, et al. Differential expression of three oxidosqualene cyclase mRNAs in Glycyrrhiza glabra [J]. Biol
Pharm Bull, 2004, 27, 1086 - 1092

Tturbe-Ormaetxe 1, Haralampidis K, Papadopoulou K, et al. Molecular cloning and characterization of triterpene synthases from Medicago
truncatula L. and Lotus japonicas [J]. Plant Mol Biol, 2003, 51; 731 -743

AIEFE, BEM, FE, & FERAOXWHMLFEKEE DNA WEBRFEFISHE [J]. BRRLA%EER, 2006, 29(2),
15-19

R, BER, BOFE, B ASEBAR BLOS2 #H DNA 2F 5 EEREMFEMT [1]. BRRk%3E®R, 2007, 30
(3): 27-32

pRER, BRBEE, FHE, ¥ MEBRENBFRGEERAMMITSESUNMTR (1], REEYER, 2001, 22(2): 17-21
RE, #EA, %Y. BHEMNIEHERMSBRMXBESHEWMTE [J]. RUEFER ¥R, 2004, 23(3);
452 - 454

BRZE. KERERREEFNTXEBERN TR SN (D] BH: ERERLKASE, 2005; 40-42

RERE: LEH



