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Cloning and Sequence Analysis of sn-Glycerol-3-Phosphate Acyltransferase
Gene (JcGPAT) from Jatropha curcas L.
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Abstract: sn-Glycerol-3-phosphate acyltransferase (GPAT), a key enzyme in lipid metabolism, playsa critical
role in biosynthesis of lipidsin plants. In this study, based on the conserved regions of GPAT genes available
from GenBank database, we designed degenerate primers and obtained the cDNA sequences of GPAT gene by
RACE technology from Jatropha curcas, named JcGPAT (GenBank accession no. HQ395225). The full length
cDNA is1 672 bp, encoding 375 amino acids which have a high identity (ranging from 78% to 95%) with GPAT
genes in other plants reported such as castor (Ricinus communis) and tung tree (Vernicia fordii). RT-PCR
analysis showed that JcCGPAT was expressed in different tissuesincluding the devel oping seeds, leaf, root tip and
callus.
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Table 1 Primersused in this study
T
Block-Cs 5 GCTTCAAGTCTAATCCTCCAGAACCNTGGAAYTG 3 62.80
Block-Ha 5 TCCAGAAAGCATCAACGAAAATYTTRTTRTA 3 61.00
LG52 5' CCAACCCATCCAGGATGCTTCTGCATAA 3' 73.63 5 RACE
LG32 5' GGGATCATGTTCAGGGGGCTGACAATAA 3 72.77 3 RACE
cDNAf 5 ATGGCTACTCCAGGTAAGCTAA 3 55.90
cDNATr 5 TCATTTCTCCTCCAGTCGCT 3 57.00
Actl 5 TGGTTCCACTATGTTCCCTGGTA 3 61.00
Act2 5 CTTCATGCTGCTTGGAGCAA 3 59.72
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acatggggccgaataaatgaaaggaatcaggagagaggggaagttaaaatacataacgtgecttgetttggtetg
cgcaaagaaggacgacatagatttctcatccattetcatttectttaccacaaacacaaaaattagaataccgtaataaagaaaaagate
aaatctatcagtttttacagaataccgtatcagaatatcacctctctctectectectectectectectgatttgetatatacaatacagcaaaaa
atggctactccaggtaagctaaagacctcgagetctgaattggacttggatcgacccaatatecgaagactaccttecttetggagtetet
M ATPGI KU LI KT SSSETLUDILU DI RZPNTIEDYTLUZPSSGVS

attcaagaacctcgtggcaagecttcgtetgegtgatttgettgacatttegecgacecctaacggaggetgetggtgecattgttgatgac
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JeGPAT  MATP--GKLKTSSSELDLDRPNIEDYLPSGVS|Q-EPRGKLRLRDLLD I SPTLTEAAGAIVDDTFTRCFKSNPPEP
vFGPAT  MNSP——GKLKTSSSELDLDRPNIEDYLPSGSS |Q-EPHGELRLRDLLD I SPTLTEAAGAIVDDTFTRCFKSNPPEP
PtGPAT  MDTA-—GNLKTSSIELDLDRPNIEDYLPSGSS |Q-EPRGKLRLRDLLD I SPTLTEAAGAIVDDSFTRCFKSNPPEP
RcGPAT  MSTA--GKLNSSSSELDLDRPNIEDYLPSGSS IH-EPHGKLRLRDLLD I SPALTEAAGA|VDDSFTRCFKSNPPEP
GmGPAT  MNGI-—GKLKSSSSELDLH-—-1EDYLPSGSSVQQERHGKLRLCDLLD I SPSLSEAARAIVDDTFTRCFKSNPPEP
WwGPAT ~ MANAPDNKLTSSSSELDLDRPNLEDYLPSG-SMQ-EPRGKLRLRDLLDISPTLTEAAGAIVDDSFTRCFKSNPPEP
AtGPAT  MSST—-AGRLVTSKSELDLDHPNIEDYLPSGSS IN-EPRGKLSLRDLLD I SPTLTEAAGA|VDDSFTRCFKSNPPEP
ZmGPAT  MATS—————-— SVAADMELDRPNLEDYLPPDSLPQEAPRN-LHLRDLLD I SPVLTEAAGA|VDDSFTRCFKSNSPEP
SbGPAT  MASS————— SVAADMELDRPNLEDYLPPDSLPQEAPRN-LHLRDLLD I SPVLTEAAGA|VDDSFTRCFKSNSPEP
O0sGPAT  MATS——— SVAGDIELDRPNLEDYLPSDSLPQEFPRN LHLRDLLD I SPVLTEAAGAIVDDSFTRCFKSNSPEP

* N < AkkAk H DLk ok sdskekdkkakak ok Dakokok Aedkdeokak | kokakakdkokokak | koK
JoGPAT  WNWNIYLFPLWCCGVVCRYGILFPIRVLVLTIGWI IFLSCY IPVHFLLKGHDKLRKKLERCLVEL I CSFFVASWTG
VFGPAT  WNWNIYLFPLWCFGVVIRYGILFPIRVIVLTIGWI IFLSSY |PVHFLLKGHDKLRKKLERCLVELMCSFFVASWTG
PtGPAT  WNWNVYLFPLWCCGVVIRYGILFPVRVLVLAIGWI IFLSSY IPVHFLLKGHDKLRKKLERCLVELMCSFFVASWTG
RcGPAT  WNWNIYLFPLWCCGVVIRYGILFPVRVLVLTIGWI IFLSAY IPVHFLLKGHDKLRKKLERCLVELMCSFFVASWTG
GmGPAT  WNWNVYLFPLWCCGVVVRYLILFPIRILVLALGWI I FLSAF IPVHSLLKGNDDLRKK I ERCLVEMMCSFFVASWTG
WGPAT  WNWNVYLFPLWCLGVVIRYGILFPTRVLVLTLGWI I FLSSFIPVHFLLKGNDKLRKKLERCLVEL I CSFFVASWTG
AtGPAT  WNWNIYLFPLYCFGVVVRYCILFPLRCFTLAFGWI IFLSLF IPVNALLKGQDRLRKKIERVLVEMICSFFVASWTG
ZmGPAT ~ WNWNIYLFPLWCFGVVIRYGILFPLRSLTLAIGWLAFFAAFFPVHFLLKGQDKLRSK | ERKLVEMMCSVFVASWTG
SbGPAT  WNWNIYLFPLWCFGVVIRYGILFPLRSLTLALGWLAFFAAFFPVHFLLKGQDKLRSK I ERKLVEMMCSVFVASWTG
OsGPAT  WNWNIYLFPLWCLGVVIRYGILFPLRGLTLLVGWLAFFAAFFPVHFLLKGQ-KMRSKIERKLVEMMCSVFVASWTG

stk Jokokokokok ok skekok skok kekeksk sk Dok skek D kDD D lskekl skIskesk D Isk sk Iskek skekek D Dk skekskekskokok

motifl motifll

JoGPAT  VVKYHGPRPS IRPKQVFVANHTSMIDF | | LEQMTAFAV IMQKHPGWVGLLQST ILESVGCIWFNRSEAKDRE IVTK
VFGPAT  VVKYHGPRPSIRPKQVFVANHTSMIDF I ILEQMTAFAV IMQKHPGWVGLLQST I LESVGC{IWFNRTEAKDRE | VAK
PtGPAT  VVKYHGPRPSIRPKQVFVSNHTSMIDF I ILEQMTAFAV IMQKHPGWVGLLQST I LESVGC|IWFNRAEAKDRE | VAK
RcGPAT  VVKYHGPRPS IRPKQVFVANHTSMIDF I VLEQMTAFAV IMQKHPGWVGLLQST I LESVGC|{IWFNRSEAKDRE | VAK
GmGPAT  VVKYHGPRPS |RPKQVFVANHTSMIDF I ILEQMTAFAV IMQKHPGWVGLLQST ILESVGCIWFNRTEAKDRE I VAR
WGPAT  VVKYHGPRPSRRPKQVFVANHTSMIDF I VLEQMTAFAV IMQKHPGWVGLLQST I LESVGC|IWFNRTEAKDRE | VAR
AtGPAT  VVKYHGPRPSIRPKQVYVANHTSMIDF I VLEQMTAFAV IMQKHPGWVGLLQST I LESVGC|IWFNRSEAKDRE | VAK
ZmGPAT ~ VIKYHGPRPSTRPHQVFVANHTSMIDF | ILEQMTAFAV IMQKHPGWVGF 1QKT I LESVGC|IWFNRNDLRDREVTAR
S6GPAT  VIKYHGPRPSTRPHQVFVANHTSMIDF I I LEQMTAFAV IMQKHPGWVGF I QKT I LESVGC/IWFNRNDLRDREVTAR
0sGPAT  VIKYHGPRPSTRPHQVFVANHTSMIDF I ILEQMTAFAV IMQKHPGWVGF I QKT I LESVGCI WFNRNDLKDREVVAK

sk T skeskeskskkskoksk ek D skok Dk D 2 PN ¥k D Iskkxk (| D0

motirlll mot-i'FlV
JeGPAT  KLRDHVQGADNNPLL VNNHYTVMFKKGAFELGCTVCP I AIKYNK | FVDAFWNSRKQSFTTHLLQLMTSW
vFGPAT  KLRDHVQGADNNPLL VNNHYTVMFKKGAFELGCTVCPVAIKYNK | FVDAFWNSRKQSFTMHLLQLMTSW
PtGPAT  KLRDHVQEADNNPLL VNNHYTVMFKKGAFELDSTVCP I AI[KYNK | FVDAFWNSRKQSFTKHLLQLMTSW
RcGPAT  KLRDHVQGADNNPLL VNNHYTVMFK—GAFELGCTVCP I AI[KYNK | F-DAFWNSRKQSFTTHLLQLMTSW
GmGPAT  KLRDHVLGANNNPLL VNNHYSVMFKKGAFELGCT|I CPVAIKYNK | FVDAFWNSRKQSFTTHLLQLMTSW
WwGPAT  KLRDHVQGADNNPLL VNNHYTVMFKKGAFELGCTVCP I AIKYNK | FVDAFWNSKKQSFTMHLLQLMTSW
AtGPAT  KLRDHVQGADSNPLL VNNNYTVMFKKGAFELDCTVCP IAIKYNK | FVDAFWNSRKQSFTMHLLQLMTSW
ZmGPAT  KLRDHVQQPDNNPLL VNNQYTVMFKKGAFELGCAVCP I AI[KYNK | FVDAFWNSKKQSFTMHLVRLMTSW
Sb6GPAT  KLRDHVQQPDNNPLL VNNQYTVMFKKGAFELGCAVCP I AIKYNK | FVDAFWNSKKQSFTMHLVRLMTSW
O0sGPAT  KLRDHVQHPDSNPLL VNNQYTVMFKKGAFELGCAVCP I AI[KYNK | FVDAFWNSKKQSFTMHLVRLMTSW
- Tk ST : *okl 2

JecGPAT  AVVCDVWYLEPQNLKPGETPIEFAERVRD | I SVRAGLKKVPWDGYLKYSRPSPKHRERKQQSFAESVLQRLEEK
vFGPAT  AVVCDVWYLEPQNLKPGETPIEFAERVRDI | SVRAG I KKVPWDGYLKYARPSPKHRERKQQSFAESVLRRLEEK
PtGPAT  AVVCDVWYLEPQNLRPGETAIEFAERVRD| I SVRAGLKKVPWDGYLKYSRPSPKHRERKQQSFAESVLRCLQEK
RcGPAT  AVVCDVWYLEPQNLRPGETPIEFAERVRD | | SVRAGLKKVPWDGYLKYSRPSPKHRERK
GmGPAT  AVVCDVWYLEPQNLKPGETPIEFAERVRD | I SHRAGLKKVPWDGYLKYSRPSPKHREGKQQ I FAESVLRRFEEK
WwGPAT  AVVCDVWYLEPQTLKPGETPIEFAERVRD I I SLRAGLKKVPWDGYLKYSRPSPKHREQKQQSFADSVLRRLEEK
AtGPAT  AVVCEVWYLEPQTIRPGETGIEFAERVRDMISLRAGLKKVPWDGYLKYSRPSPKHSERKQQSFAES I LARLEEK
ZmGPAT ~ AVVCDVWYLPPQYLREGETA|AFAERVRDMIAARAGLKKVPWDGYLKHNRPSPKHTEEKQR | FAESVLMRLEEK
SbGPAT  AVVCDVWYLEPQYLREGETAIAFAERVRDMIAARAGLKKVPWDGYLKHNRPSPKHTEEKQR I FAESVLRRLEEK
OsGPAT AVV(DVWYLEPOYLRDGETAIEFAERVRDMIAARAGLKKVPWDGYLKHNRPSPKHTEEKORIFADSVLRRLEES

sesfesieske | skeskesieske sk 0 skl sk skelesiesesieskeste [ sk | seskeske | o % sk
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Fig.3 Comparison of the amino acid sequences of GPAT in different plants
I~V , (mm) JCGPAT ( ,
HQ395225) ViGPAT ( , ACT32030) PtGPAT ( , XP_002305552) RcGPAT ( , XP_002525812) GMmGPAT (
, ACU23757) VVGPAT ( , CAN62196) AtGPAT9 ( , ACT32031) ZmGPAT ( , NP_001146225) SbGPAT

(

, XP_002462955) OsGPAT ( , NP_001059853)



-3- (JcGPAT) cDNA 187

I
VIGPAT

66

38 PtGPA'l
B ——— RcGPAT
90
GmGPAT
VvGPAT
AtGPAT
OsGPAT

100 E ZmGPAT
100 SbGPAT

| s |
0.02
4 GPAT
Fig.4 Phylogenetic analysis of GPAT in various plant species
GPAT GenBank 3
) A S R L C

GenBank GPAT , JeGPAT _
2

JCcGPAT GenBank

B 16 |
GPAT M N
y 1.2 }
ProtScale  JCGPAT / ® ooy
, . Frentzen (1990) 5 z:
GPAT =0
3 JcGPAT 02}
RT-PCR - JcGPAT 0 S N ) c
( 5A), 5 RT-PCR
Fig.5 Expression analysis by semi-quantitative
’ ’ RT-PCR method
( 5B) GPAT A: JCGPAT  B: JCGPAT
A Gly3P sn-1 S R L . C
, (lysophosphatidic-
acid, LPA) Kennedy TAG ,
( ) , (Sui 2007)
TAG , (Yan 2008)
JCGPAT ) DNA ;
; , JCcGPAT DNA ,
TAG RACE , RACE cDNA ,

( ) GPAT cDNA ( EST)



188

JCGPAT
GPAT ,
GPAT9 , JCGPAT
TAG
( ) 1) b
. (1987). . : , 258
(1996). 44 : , 148

Coleman RA, Lee DP (2004). Enzymes of triacylglycerol synthe-
sis and their regulation. Prog Lipid Res, 43: 134~176

Ding LW, Sun QY, Wang ZY, Sun Y B, Xu ZF (2008). Using silica
particles to isolate total RNA from plant tissues recalcitrant
to extraction in guanidine thiocyanate. Anal Biochem, 374:
426~428

Foidl N, Foidl G, Sanchez M, Mittelbach M, Hackel S (1996).
Jatropha curcas L. as a source for the production of biofuel
in Nicaragua. Bioresource Technol, 58: 77~82

Frentzen M (1990). Comparison of certain properties of mem-
brane bound and solubilized acyltransferase activities of plant
microsomes. Plant Sci, 69: 39~48

Gidda KS, Shockey MJ, Rothstein JS, Dyer MJ, Mullen TR (2009).
Arabidopsisthaliana GPAT8 and GPAT9 are localized to the
ER and possess distinct ER retrieval signals: functional
divergence of the dilysine ER retrieval motif in plant cells.
Plant Physiol Biochem, 47: 867~879

Gonzalez-Baro MR, Lewin TM, Coleman RA (2007). Regulation
of triglyceride metabolism Il. Function of mitochondrial
GPATL1 in the regulation of triacylglycerol biosynthesis and
insulin action. Am J Physiol Gastrointest Liver Physiol, 292:

1195~1199

Gressel J (2008). Transgenics are imperative for biofuel crops.
Plant Sci, 174: 246~263

Gubitz GM, Mittelbach M, Trabi M (1999). Exploitation of the
tropical oil seed plant Jatropha curcas L. Bioresource
Technol, 67: 73~82

Jain RK, Coffey M, Lai K, Kumar A, MacKenzie SL (2000).
Enhancement of seed oil content by expression of glycerol-
3-phosphate acyltransferase genes. Biochem Soc T, 28:
958~961

Kennedy EP (1961). Biosynthesis of complex lipids. Fed Proc,
20 (4): 934~940

Murata N, Tasaka Y (1997). Glycerol-3-phosphate
acyltransferase in plants. Biochim Biophys Acta Lipids Lipid
Metabol, 1348: 10~16

Roughan PG, Slack CR (1982). Cellular organisation of glycero-
lipid metabolism. Annu Rev Plant Physiol, 33: 97~132

Sui N, Li M, Zhao SJ, Li F, Liang H, Meng QW (2007).
Overexpression of glycerol-3-phosphate acyltransferase gene
improves chilling tolerance in tomato. Planta, 226: 1097~1108

Sujatha M, Reddy TP, Mahasi MJ (2008). Role of biotechnologi-
cal interventions in the improvement of castor (Ricinus
communis L.) and Jatropha curcas L. Biotechnol Adv, 26:
424~435

Taylor B, Powell A (1982). Isolation of plant DNA and RNA.
Focus, 4: 4~6

Yan K, Chen N, Qu YY, Dong XC, Meng QW, Zhao SJ (2008).
Overexpression of sweet pepper glycerol-3-phosphate
acyltransferase gene enhanced thermotolerance of photo-
synthetic apparatus in transgenic tobacco. J Integr Plant
Biol, 50: 613~621

Zheng ZF, Xia Q, Dauk M, Shen WY, Selvaraj G, Zou JT (2003).
Arabidopsis AtGPAT1, a member of the membrane-bound
glycerol-3-phosphate acyltransferase gene family, is essen-
tial for tapetum differentiation and male fertility. Plant Cell,
15: 1872~1887



