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Cloning and characterization of glycerol —3 — phosphate dehydrogenase gene ( RecGPDH) from castor bean
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Abstract: In order to elucidate the role of glycerol — 3 — phosphate dehydrogenase gene ( ReGPDH) from
castor bean in castor oil accumulation we designed primers according to express sequence tags ( EST) and cloned
the full ¢cDNA of ReGPDH gene by RACE ( rapid — amplification of ¢cDNA ends) . The yeast expression vector pY—
ES2.1 /V5 — His — TOPO — RcGPDH was constructed and transformed to wild yeast strain BY4742 using plas—
mid pYES2.1 / V5 — His/lacZ as control. We drew the growth curves of transformed yeast strains with spectro—
photometer at 600nm and determined their oil content using vanillin method. Results showed that they grew stably
after cultured 18h but the strain with ReGPDH gene grew slower than control. The oil content didn’t change be—
tween the two yeast strains which suggested that ReGPDH gene was not involved in yeast oil accumulation. These
results suggested that other GPDH homologous genes may be involved in triacylglycerls ( TAG) synthesis in castor
seeds.
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Table 1 Primer information used in this study
Primer Sequence Annedling temp/C
3’ RACE 5’ = GAGCCACAGCTGAGCATTTGTTTGAAGT -3’ 70.0
5’ RACE 5" — AGCAGTAAAGACACTACCCCAAGCACC -3’ 67.0
ReGPDH - S 5’ = TATCTCCCAAACCGACTTCC -3’ 56.0
RcGPDH - A 5’ —TAATGTGAAAGGAAAATCCAGTT -3’ 56.0
RcGPDH YeastS 5’ — GAAATGGCTAAAAATACTGAAACA -3’ 56.2
RcGPDH YeastA 5" = AGGTTTCTTTCCCAGGAGTGA -3’ 57.9
Yeast Clone S 5" = TCGGTTTGTATTACTTCTTATTC -3’ 51.5
ReGPDH - YcloneA 5’ = TAGGTGACCATAACTATCTTGC -3’ 51.9
NCBI  Blast. ORF finder  Banklt ImL Trizol
N 10min 30s 30s 0. 2mL
o SublLoc v1.0 1 ~2min 2 ~5min 12 000
RcGPDH ( ht— rpm 10min RNasefree
tp: / /www. bioinfo. tsinghua. edu. cn/SubLoc/) 0.6 ~1 -80C 5
Re¢GPDH N N ~10min 12 000rpm 10min 1.5mL
ClustalX 1.8 70% ( RNase — free) 12 000rpm
RcGPDH GPDH 2min 10 ~15min 50uL DEPC
o DNASTAR MegAlign DNase I 2%
o RNA RT - PCR o
1.2.3 1.2.5
RcGPDH TOPO TA
pYES2.1/V5 - His — TOPO( Invitrogen) Scu (
RcGPDH YeastS  RcGPDH YeastA ( 1) pYES2.1 TOPO TA Expression Kit )
RcGPDH YeastS ATG 250rpm 30°C 0Dy
GAA Sc —u (
ReGPDH YeastA . pYES2.1 TOPO TA Expression Kit )
BY4742 pYES2. 1/V5 — His/lacZ ODgy =0.4  250rpm.30C
DNA BY4742 Sc - 30h 6h 0Dy,
u( pYES2.1 TOPO TA Expression Kit °
) 28°C 2 ~4d. ?
Ivitrogen pYES2. 1 TOPO TA Expression 2mL 18h
Kit S. c¢. EasyComp. Transformation Kit o
o Yeast Clone S ReGP- ImL 3
DH - YcloneA ( 1) PCR Yeast S0pL ImL 18mol /L S50pL
CloneS ReGPDH - Yclo- 100°C 10min
neA RcGPDH — vanillin 2.5mL 37C
1.2.4 RNA  1h ODsy o 3
o ; =0.053 59 +1.815 x
3 ODg;,
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Fig.1 Total RNA from castor bean seeds and ReGPDH gene clone
2.2 RcGPDH 002513073) 467 5’
5’ RACE 1 176bp 3’ (UTR) 3’ ( UTR) 701bp
RACE 1 512bp 2372bp( 1) 267bp( 2) . <DNA ATG -3
37 5’RACE ReGP- +4 Kozak
DH ( GenBank © GU969273) ( ORF) ReGPDH .
cDNA 702 2 105 1 404
bp Chan ( XM _ o

1 TATCTCCCAAACCGACTTCCGTTAGACGGAATTCTCTTGCTTTAGTCCACTTCTGGTAAT

61 ACCCATTGTGTGAATGAATGAGCACAAGCTAACAAAAACATAAAATAGAAAAAAGTCTAG

121 AATCAGTATCACCGCGTTGAGGAAGCTGACAAACAAAAGAGGTGGTTTCGCTTTCTCTTC

181 TCTTTGTTCACTTTGTACGCTTATGTTGACTGGGTTTCTTGGTTGGGTTAGATGACGGAA

241 GCTTTAGACTAAGTTCATTCTTGCATTTCTTTCTGTAATATCTTACTCGGATTGTCATTA

301 GATATGCTGATGGCGGCATAAAGTACCATGAAAAACCCGTGTAGCAAAATTCAGTTTCGA

361 TCAATGTTTTAGAGTTTCTAAGTTCTAGATCAATGTTCTAGAAACAACAAAATCTAGCTG

421 TTGTTATGTTTGATAGCTAATTTGATGATCTAAGCCCTTACACTTGATGAGGGATGTAGC

481 CTCTATATATATATATATACCTGGAAATTGGGTTACTTTAAGATCCATAGAAATTGTTAG

541 GAATCTGTTGTCTCTAGACAGCAATATAATTTTTGTGTGTTGAGCTTAGTAAATATCGAC

601 AGAAGAGATCCTTTCTTTGGTATTGGTGCTACGTTTCCTAGTTCTATATAAAGGTTCATC

661 ACACAAGACTTAATAACGGTAGTGTAAGTCGAGAGGAGAAAATGGCTAAAAATACTGAAA
M A K N T E 6

721 CAGAGAGTCACAATGTACATTCAAATGGATCAATTCATAATCAGAACTCGAATGGTGCTT
T E S H N V H S N G S I H N Q N S N G A 206

781 TAGAAGAAAAGCTAGATGAGCTTCGACGTCTCATGGGCAAATCGGAAGGTGATCCTTTGA
L E E XK L b E L R R L M 66 K S E G D P L 46

841 GGATTGTTGGCGTCGGTGCTGGTGCTTGGGGTAGTGTCTTTACTGCTTTGTTGCAAGATA
R I V.6 VvV G A G A W G S V F T A L L Q D 66

901 GTTATGGTCACCTAAGAGATAAGGTTCTAATAAGGTTATGGAGAAGGCCTGGAAAATCAG
S ' Y G H L R D K V L I R L W R R P G K S 86

961 TTGATAGAGCCACAGCTGAGCATTTGTTTGAAGTGATTAATTCCAGGGAAGACGTATTAA
v b R A T A E H L F E V I N S R E D V L 106

1021 GGAGATTGATTAGGCGTTGTGCATACTTAAAGTATGTTGAAGCAAGATTAGGTGATAGGA
R R L I R R € A Y L K Y V E A R L G D R 126

1081 CCTTGTATGCAGATGAGATTTTGAAAGATGGCTTTTGCTTAAACATGATAGATACCCCAC
T L Y A D E 1 L K D G F C L N M I D T P 146

1141 TTTGCCCTTTAAAGGTTGTAACCAATTTGCAGGAAGCGGTGTGGGATGCTGATATTGTTA
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L ¢ p L XK vV v T N L Q E A V W D A D I V 166
TTAATGGGTTGCCTTCCACTGAGACCAGTGAGGCGVTCCAGCAAATTAGTAGGTATTGGA

N G L P S T E T S E V F Q Q I S R Y W 186
AAGAGAGGATAACAGTACCAGTTATCATCTCTTTGGCAAAAGGCATAGAGGCTGAGTTGG
K E R I T VvV P VvV 1 I s L A K G I E A E L 206
AGCCTGAGCCTCGCATAATAACTCCCACTCAAATGATAAATCGAGCAACTGGAGTCCCAA
E P E P R 1 I T p T Q M I N R A T G V P 22
TGGAGAACATCCTCTATCTTGGAGGACCTAACATCGCCTCGGAGATTTACAATAAGGAAT
M E N I L Y L 6 G P N I A S E I Y N K E 246
ATGCTAATGCCCGAATATGTGGCGCAGAAAAATGGAGGAAACCTTTGGCAAAGTTTTTGA
Y A N A R I € G A E K W R K P L A K F L 266
GGCAACCCCATTTTATAGTGTGGGATAATAGTGATCTAGTTACTCATGAAGTCATGGGTG
R Q p H F I vV wW D N S D L V T H E V M G 286
GATTAAAGAATGTATATGCAATTGGAGCTGGAATGGTAGCAGCTCTGACCAACGAGAGTG
G L K N VY A I G A G M V A A L T N E S 306
CAACAAGTAAATCAGTGTACTTTGCTCACTGTACATCAGAAATGATATTTATCACGCATT
AT § K S vV Y F A H ¢ T s E M I F I T H 326
TGTTGGCAGAGGAACCTGAGAGACTTGCGGGTCCCCTTTTAGCTGACACTTATGTCACCT
L L A E E P E R L A G P L L A D T Y V T 346
TATTGAAAGGCCGTAATGCATGGTACGGTCAGCAGTTGGCCAAAGGGGGGTTGAACCTTG
L L K 6 R N A W Y G Q Q L A K G G L N L 366
ATATGGGTGACAGCATCAAGGGCGAGGGGATGATTCAGGGTGTCTCTGCAGTGAAAGCAT
b Mm 6 D S I K G E GG M I Q G V S A V K A 386
TCTATGAACTGCTGAGTCAGTCTTGCTTAAGTGTCCTACATCCTGAAGAAAAGAAGCCTG
F Yy E L L § @ S € L S V L H P E E K K P 406
TAGCCCCTGTTGAACTTTGCCCCATATTGAAGATGCTATATAGAATACTCATAACGAGGG
v A P V E L ¢ P I L K M L Y R I L I T R 426
AGTTTCCGGCACAGGCTATTCTTCAAGCTTTAAGGGATGAAACGATGAATGACCCAAGAG
E F P A Q A I L Q A L R D E T M N D P R 446
ATCGCATTGAGATTGCACAAAGCCATGTATTCTACAGAGCATCACTCCTGGGAAAGAAAC
b R I E I A Q S H V F Y R A S L L G K K 466
CTTGACGATATACTGACTAATTTTGCATGTTGCTGTTGTCAATCGATATGATGTGATAAG
p * 467
CTACATAATGTAGTTCCACAATTTCAGAAAGTATCAGGACAAGGACGCTAGATTGCGAGT
TGGTTGTTAAGTTTGTTGTTGTATCAATTGCTTTATTTGTTGAGTTTGGCCATGCAGAAC
AGTGAAATGAACAGATTTGTCAAACTGGATTTTCCTTTCACATTAATGTTAAATCGAATT
GAATCTGTTAAAAAAAAAAAAAAAAAAAAAAA

2 RcGPDH
Fig.2 Nucleotide and deduced amino seqences of RcGPDH from Ricinus communis

AtGPDH1 GKSEKDPLRIVSVGAGAWGSVFAALLQESYGGFRDKFQIRIWRRAGRAVDRETAEHLFEV
AtGPDH2 GCNDDSKSKVTVV|GSIGNWGSVAAKLIASNALKLP-—--—-—-————— SFHDEVRMWVFEEV
AtGPDH3 GKADDDPLRIVGVGAIGAWGSVFIAMLQENYGKFRGKVSVRIWRRGGRAIDKATAEHLFEV
DvGPDH ----AEKVNVCIVGSIGNNGSATAKIVGANAAALP - ——————————— EFEERVTMFVYEEM
EcGPDH --MNQRNASMTV I|GAG|SY/GTALAITLARNG------------—= ——————————— HEVVL
OsGPDH1 GKADGDLLRIVGV|GGGAWGISAFCALLQDAYGRHRDKAQVRVWRRPGRAVDRATAEHLFEV
OsGPDH2 GKSDGDLLKIVGIIGAGAWGSVFAALLQDAYGRFREKVQIRIWRRAGRSVDRTTAEHLFEV
OsGPDH3 GKADGDPLRIVGVIGAGAWGSVFCALMQDAYGHLRDKVQVRIWRRPGRAVDRATAEHLFEV
OsGPDH4 ----HAKNLVAVIGSGNWGSVASRLIASNTAKLP-----—---———— SFHDEVRMWVFEE
PtGPDH2 GKAEGDPLRIVGIGAGAWGSVFTALLQDSYGHLRDKVLIRIWRRPGRSVDRSTAEHLFEV
PtGPDH GKAEGDPLRIVGIGAGAWGSVFTALLQESYGHLRDKVLIRIWRRPGRSVDRATAEHLFEV
ReGPDH2  GKADGDPLRIAGV|GAIGAWGSVFAALLQDSYSQFRDKVQIRIWRRPGRAVDRATAEHLFEV
SbGPDH GKSEGDLLKIVSV|GAGAWGSVFAALLQDAYGHFRDKVQIRIWRRPGRTVDRSTAEHLFEV
VvGPDH GKAEGDPMRIVGVIGAGAWGSVFAAMLOQDSYGHLRDKVQIRIWRRPGRFVDRATAEHLFEV
RecGPDH  GKSEGDPLRIVGV|GAIGAWGSVFTALLQDSYGHLRDKVLIRLWRRPGKSVDRATAEHLFEV
GXIGXX|G,
3 RcGPDH GPDH

Fig.3 Domain analysis of deduced amino acid sequences of RecGPDH and GPDH homologoue of other species



456 2011 33(5)

GPDH RcGPDH
GPDH AtGPDH2
GPDH GXGXXG( 3 2) 5 OsGPDHA ( 2)s
2 RcGPDH GPDH
Table 2 Multi — alignment of deducde amino acid sequences of ReGPDH and GPDH from various species
/%
Species Gene Accession number Homology
Ricinus communis RcGPDH2 XP_002533846 85.6
Escherichia coli EcGPDH P37606 20.4
Vitis vinifera VoGPDH XP_002271029 86.7
Sorghum bicolor SbGPDH XP_002456915 85.4
Populus trichocarpa PtGPDH XP_002332423 90.4
PtGPDH2 XP_002304772 89.7
Drosophila virilis DvGPDH EC1.1.1.8 21.6
Arabidopsis thaliana AtGPDH1 CAC69665 83.8
AtGPDH2 NP_198877 24.8
AtGPDH3 NP_187426 80.7
Oryza sativa OsGPDH1 NP_001055933 78.8
OsGPDH2 NP_001045350 83.2
OsGPDH3 NP_001044541 81.4
0sGPDHA NP_001045535 26.2
PtGPDH
PtGPDH
R¢GPDH
VvGPDH
AtGPDH1
RcGPDH2
OsGPDH1
OsGPDH3
OsGPDH2
SbGPDH
AtGPDH3
AtGPDH2
h OsGPDH4
' DVGPDH
EcGPDH
189.0 T T T T T T T T T 1
180 160 140 120 100 80 60 40 20 0

AFEMBEH Amino acid substitutions (X 100)

4 GPDH
Fig.4 Phylogenetic tree based on alignment of deduced amino — acid sequences of GPDH homologues
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Note: 1. Total RNA of transgenic yeast strain; 2. Total RNA of control yeast strain;
3. PCR analysis of transgenic yeast strain; 4. RT — PCR analysis of transgenic yeast strain;
5. RT - PCR analysis of control yeast strain; 6. PCR analysis of total RNA of transgenic yeast strain; M. 100bp plus DNA ladder
5

Fig.5 Expression analysis of transgenic yeast strains
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Fig. 6 Growth curve of transgenic and
controlled yeast strains
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