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Abstract: In higher p lant,Δ9 desaturase introduces the first double bond into saturated fatty acids, resulting in

the corresponding monounsaturated fatty acids1 W e have cloned gene, designated as PvfadA , for C18∶0Δ9 de2
saturase catalytic activity from Pavlova viridis by RT2PCR, RNA ligase mediated RACE ( RLM2RACE) and

Overlap2PCR strategy1 This desaturase, when exp ressed in Escherichia coli, desaturated stearic acid to yield

oleic acid, but did not desaturate other fatty acids in E1 coli1 These results indicate that PvFadA is specific to

stearic acid1 The deduced am ino acid sequences of PvFadA show that a putative (D /E) X2 HX～100 (D /E) X2

H metal binding motif, which specifically existed in acyl2ACP desaturase1 Moreover, Am ino acids of PvFadA

are sim ilar in part to those of acyl2ACP desaturases from higher p lant, such as A rabidopsis tha liana, O ryza sati2
va and Glycine m ax, but not to those of acyl2lip id desaturases of Cyanobacteria, and acyl2CoA desaturases of

higher p lant1 In addition, the 3D2model structure of PvFadA is composed of 11 helixes, moreover,α3,α4,α6

andα7 form a core 42helix bundle to regards as an active center in this enzyme, sim ilar as acyl2ACP desaturase

of R icinus comm unis and M ycobacterium tuberculosis H37Rv1
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　　C18∶0 ( Stearic acid)Δ9 desaturase p layed a key

role in the ratio of saturated and unsaturated fatty acids

(UFA) of higher p lant1 The enzymes that catalyze this

type of desturation reaction include three types:

(1)Δ9 acyl2lip id desaturase, introduce the first doub2
le bond at theΔ9 position of a saturated fatty acid that

has been esterified to a glycerolip id1 And it is bound to

p lasmatic and thylacoid membranes of cyanobacteria,

and endop lasm ic reticulum and chlorop last membrane

of higher p lant1 ( 2 ) Δ9 acyl2CoA desaturase, fatty

acids are desaturated in a CoA2bound form, and which

is bound to endop lasm ic reticulum and chlorop last

membrane of higher p lant and animals1 ( 3) Δ9 acyl2
ACP desaturase, which is soluble in the stroma of the

chlorop last in higher p lant, and fatty acid is desaturat2
ed in an ACP2bound form , and shows different am ino

acid sequences compared to the former two[ 1, 2 ] 1
Pavlova virid is, Chrysophyta, is a unicell eukary2

otic m icroalga and app lied to an essential food organism

for early larvae of crustacean, fish and shellfish in aq2
uiculture1 The total lip id of P1 virid is is composed of

46108% UFA1 Thus P1 virid is always regards as a

good source of triacylglycerols, PUFA (polyunsaturated

fatty acid) and polar lip ids, and attracted increased in2
terest recently because of the possible use of PUFA bio2
reactor in bioengineer1

A lthough many acyl2ACP desaturases from higher

p lant have been cloned, and crystal structures of acyl2
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ACP desaturase from R1 comm unis and M 1 tubercu losis

H37Rv have been elucidated
[ 3, 4 ]

, searching on theΔ9

desaturase in Genbank, severalΔ9 desaturase genes

have been isolated from cyanobacteria
[ 5 ]

and Phaeo2
dacty lum tricornu tum

[ 6 ] 1 In this report, we cloned a

possible acyl2ACP desaturase gene from marine m i2
croalgae P1 virid is1

It is known that both p lants and E1coli contain

type II fatty acid synthases
[ 7, 8 ] 1 Moreover, the en2

zymes of higher p lant in the biosynthesis of fatty acids

are more closely resemble in E1coli than in animal1
W hen genes for the Δ6 acyl2ACP desaturase from

Thunberg ia a la ta
[ 9 ]

, Δ9 acyl2ACP desaturase from

Sunflower
[ 10 ]

andΔ4 acyl2ACP desaturase from Ivy
[ 11 ]

exp ressed in E1coli, the exp ressed p rotein showed a

soluble and active form [ 12 ] 1 Therefore, we demonstrate

in this paper that an in vivo system for the characteriza2
tion of p lantΔ9 acyl2ACP desaturase activity in E1coli1

1　M a ter ia l and M ethods

111　M a ter ia l　Marine m icroalgae P1 virid is from the

A lgae Culture Collection of the Institute of Aquatic,

Guangdong Ocean University, were grown photoau2
totrophically at 25℃ in Zhanjiang aquatic 107—118

(Chen, 1998) with shaking several times every day1
In the exponential phase of growth, cells were harves2
ted by centrifugation at 2, 500 × g for 10m in at 4℃

and vacuum Freeze2D rying at1
O ther reagents were of analytical grade or higher1

A ll DNA manipulations and E1coli transformationswere

performed using standard p rocedures as described[ 13 ] 1
A ll the assays were repeated three times1
112　C lon ing of 3′cod ing sequence PvfadA from

P1 V irid is　Total RNA was extracted from P1 virid is

with Trizol reagent ( Invitrogen, USA ) 1 First2strand

cDNA was synthesized by reverse2transcrip t with O ligo

( dT ) p rimer using SuperScrip t III Reverse Tran2
scrip tase ( Invitrogen, USA) 1 3′end cDNA was amp li2
fied using O ligo ( dT) p rimer and gene specific p rimer

( GSP) ( 5′2GTGGAGAATGACGAGTCCTGGCA 3′or

5′2GTGGAGAATGACGAGTCATGGCA 3′) derived

from GenBank according to conserved sequence of fatty

acid desaturase genes1 3′RACE PCR p rofile was as

following: 94℃ for 2 m in; 94℃ for 30 s, 55℃ for

30 s, 68℃ for 2 m in (30 cycles) and 68℃ for 10 m in1
A 1490bp PCR p roduct was determ ined by agarose gel

electrophoresis and cloned into pTOPO TA vector ( In2
vitrogen, USA ) and sequenced1
113　Rap id am plif ica tion of 5′cD NA end　 For

full2length fragment, RNA ligase2mediated rap id am2
p lification of 5′cDNA end (RLM 2RACE) was carried

out to determ ine the 5′nucleotide sequence of the de2
saturase using GeneRacer Kit ( Invitrogen, USA ) 1 To2
tal RNA was treated with C IP (Calf intestine A lkaline

Phosphatase) , TAP ( tobacco acid pyrophosphatase )

and ligated with GeneRacer RNA O ligo at the 5′end of

the mRNA using T4 RNA ligase following manufac2
ture’s instructions1 And then first2strand cDNA synthe2
sis was performed by SuperScrip t III Reverse Tran2
scrip tase ( Invitrogen, USA ) 1 A first PCR was conduc2
ted on first2strand cDNA using reverse GSP1 (5′2GGC2
CCGTCAGGTAGAGGAACTTA23′) and GeneRacer 5′

Primer1 Nested PCR to amp lify 5′end cDNA was then

performed using GeneRacer nested 5′Primer and re2
verse nested GSP2 ( 5′2GTGTTCAACAGCGTCTGG2
TAGGT23′) 1 Fragment generated was gel2purified

using the S1N1A1P1 Gel Purification Kit ( Invitrogen,

USA ) , cloned into pTOPO TA vector and sequenced1
114　O verlap2PCR to liga te 5′and 3′sequence of

PvfadA　The temp lates for chimera construction were

the p lasm ids pTOPO TA23 and pTOPO TA25 containing

5′and 3′2coding sequences, respectively1 The fusion

p rimers were used to generate 5′and 3′2coding PCR

fragments contained a comp lementary 180bp region su2
perposition located at the 3′end of 5′2coding sequence

and 5′end of 3′2coding sequence, respectively1 After

purification of agarose gels using S1N1A1P1 Gel Purifi2
cation Kit ( Invitrogen, USA ) , these fragments served

as temp late in a subsequent PCR1 The extension of the

overlap using pfu polymerase ( Stratagen, USA ) yiel2
ded a recombinant molecule, which was amp lified

using the outlying p rimers ( sense p rimer 5′2ACGTG2
GATCCATGCGGGAGCACA23′and antisense p rimer

5′2CAGTAAGCTTGTTAGTGCACGCGC23′, contained

B am H I and H ind III restriction sites ( underlined) ) to

yield a corresponding comp leted cds of PvfadA gene1
The temperature p rofile for a fusion PCR was as follow2
ing: 94℃ for 2 m in, 37℃ for 10 m in, 68℃ for 2
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m in; and then 94℃ for 45 s; 55℃ for 30 s, 68℃ for

2 m in (30 cycles) and 68℃ for 10 m in1 The resultant

p roduct was subcloned into pET32a + (Novagen) with

B am H I and H ind III and the accuracy of chimeric

constructs was confirmed by DNA sequencing1
115　Expression of recom b inan t PvFadA　The E1
coli BL21 (DE3 ) cells was transformed with PvfadA

gene (pET232a + 2PvfadA ) and grown at 37℃ induced

with IPTG ( isop ropylthio2β2galactopyranoside) at a fi2
nal concentration of 015mM until cell density reached

015 OD600 (op tical density at 600 nm) 1 In addition,

exogenous fatty acids stearic acid were added to a final

culture concentration of 0105mmol/L to increase the

basal level of C18∶0 and Tergitol NP240 ( Sigma) at fi2
nal concentration of 012% ( v/v) , respectively1 BL21

cells containing the emp ty p lasm id vector pET232a

( + ) was used as a negative control1 For assessment of

desaturase activity, recombinant E1coli cells were car2
ried at 37℃with shaking (200 rpm ) for 2 h and har2
vested after induced with IPTG1
116　W estern2blotting ana lysis　15ug of total p ro2
tein were electrophoresed on an 11% SDS2PAGE and

then transferred to PVDF membrane1 Proteins were de2
tected using anti2H is antibody ( Invitrogen, USA ) and

antibody conjugated with horseradish peroxidase

( Zhongshan, China ) and chem ilum inescent agent

( enhanced chem ilum inescence; Zhongshan, China) 1
117　Fa tty ac id ana lysis　Total fatty acids of P1 viri2
d is and E1coli cells were extracted and methylated as

Kang’s one2step method
[ 14 ]

and methyl C17∶0 and

C23∶0 as an internal standard, respectively1 Fatty acid

methyl esters ( FAMEs) were analyzed with GC217A

and MS2QP5000 fitted a 30m ×0125mm ( inner diam2
eter) DB2WAX ( Supelco, USA ) column1 Oven tem2
perature was raised from 100℃ at 15℃ /m in to 220℃

after a 1 m in hold and then at 10℃ /m in to 250℃ after

a 13m in hold, then holds 15m in1 Most FAMEs were

identified by comparison of retention times to a 37

FAME m ix ( Supelco) 1 Double bond positions of mo2
nounsaturated fatty acid methyl esters were determ ined

by GC2MS ( gas chromatography2mass spectrometry) 1
118　Sequence ana lysis and character iza tion of Pv2
fadA gene　 Sequence analysis, signal pep tide and

secondary2structure p rediction were conducted with

BLAST p rogram ( http: / /www. ncbi. nlm. nih. gov/ )

and Anthep rot software, respectively1 Am ino acids se2
quences of front2endΔ9 acyl2ACP desaturases, acyl2
lip id desaturases and acyl2CoA desaturases of different

p lants were extracted from GenBank, and multip le

alignments of rep resentative desaturase genes se2
quences of these three fatty acid desaturase fam ilies

were p reformed using CLUSTAL X
[ 15 ] 1

119 　M olecular m odeling of PvFadA 　 Crystal

structure of R1 comm unisΔ9 Acyl2ACP desaturase

( PDB code: 1afr_A ) [ 16 ]
showed 41% identity with

deduced am ino acid sequences of PvfadA gene1 The

NCB I blast analysis showed that PvFadA belongs to a

p rotein of ferritin2like superfam ily, with E2value of

311e2931 Therefore, p rediction 3D2model structure of

PvFadA was performed by 3D2J IGSAW servers using

1afr_A as model ( http: / /www1bmm1 icnet1uk / serv2
ers/3djigsaw / ) [ 17—21 ] 1

2　Results

211　C lon ing and sequence ana lysis of PvfadA gene

Fatty acid p rofiling of six species of marine m i2
croalgae ( Zhanjiang, Guangdong, China) have shown

that P1virid is is a good candidate to discover genes in2
volved in the p roduction and storage of PUFA ( data not

shown) 1 Fatty acid content of P1virid is reached to

5177% in dry samp le1 UFA , EPA and DHA content

reached to 46108% , 23195% and 4183% of total lip2
ids in P1virid is, respectively ( Tab1 1) 1

Tab1 1　GC2M S results of Fa tty ac id con ten ts in P1virid is ( % )

Samp le C 14∶0 C 16∶0 C 16∶1 C 18∶0 C 18∶1 C 18∶2
C 18∶3
( n - 6)

C 18∶3
( n - 3)

C 20∶4 C 20∶5 C 22∶6

Pavlova 18100 ± 16134 ± 12187 ± 1129 ± 5142 ± 1121 ± 2193 ± 9194 ± 3122 ± 23195 ± 4183 ±

virid is 　1102 1143　 1152　 0104 0141 0103 0117 0181 0111 3186　 0152

　　Note: Results were averaged and exp ressed as±SE ( n = 3)

　　To clone and characterize the PvfadA p resent in P1virid is, total RNA was isolated from P1virid is and
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used for first2strand cDNA synthesis1 A 1490bp 3′end

cDNA was amp lified by 3′2RACE PCR using O ligo

( dT) p rimer and GSP p rimer designed for desaturase

gene1 Then, the remainder of a 490bp 5′ORF was ob2
tained by RLM 2RACE PCR and nested PCR1 And 5′

and 3′2end cDNA were ligated by Overlap2PCR using

outlying p rimers1 Thus, a comp lete cds ofΔ9 fad

( designated as PvfadA , GenBank accession number

EU000382) gene was obtained1 PvfadA was 1700bp,

including a putative ORF of 1161bp and a signal pep2
tide of 22bp with a cleavage site located at G22 and

S23 by Anthep rot[ 22, 23 ] 1 The putative p rotein contains a

387 am ino acid residues and isoelectric point 517951
The deduced am ino acids sequence of PvFadA showed

a putative specific (D /E ) X2 HX～100 (D /E ) X2 H

metal binding motif at residues 160 to 196, which

particularly conserved at stearoyl2ACP desaturase fam2
ily ( Fig1 1 ) , whereas no three typ ical HRX3 HR ,

HX2 HH , HX2 HH clusters of histidine residues,

which specifically existed at acyl2lip id desaturase and

acyl2CoA desaturase, were found in PvFadA
[ 24 ]

( Fig1 1) 1

Fig1 1　Prediction of secondary structure of PvFadA

Deduced am ino acids sequence ( SEQ) and p redicted secondary structure ( SS_qp) for PvfadA gene from residues 1—3041 A putative (D /E) X2 HX

～100 ( D /E ) X2 H metal binding motif in the acyl2ACP desaturase was marked with square1 Prediction Ferritin2liked domain was marked

　　　　　　 with underline1 C coiled region; Hα2helix1α3,α4,α6 andα7 composed a p rediction bimetal2ion bundle

212　Expression of PvFadA in E1co li

Fig1 2A and Fig1 2B showed the PvFadA accu2
mulates to high levels in solution in E1coli after centrif2
ugation and identification by SDS2PAGE1 PvFadA ex2
p ression in a soluble and active form in E1coli and fur2
ther assessed byW estern2blotting ( Fig12C) 1 The con2
tent of C18∶1Δ9 in PvFadA carrying cells was in2
creased 6185 folds compared with control, but the con2
tents of 12∶0, 14∶0, 16∶0, 18∶1Δ11 was slightly re2
duced ( Tab1 2) 1 Thus, the PvFadA rep resents a spe2
cificΔ9 acyl2ACP desaturase that is amenable to bio2
chem ical investigation1 It also p rovides a system to per2

form comparative structure2function studies onΔ9 de2
saturase to gain insights into enzymatic control of regio2
specifity with respect to saturated substrates1
213　Sequence ana lysis and character iza tion of Pv2

FadA

PvFadA were sequenced and shown to be homolo2
gous, with a 4014% identity, toΔ9 acyl2ACP desatu2
rase from R1comm un i1 Phylogenetic analysis of 25 spe2
cies from higher p lant contained these three group s of

Δ9 desaturase fam ilies by Clust X 1181 showed that

PvFadA contained a closer evolution position to acyl2
ACP desaturase than acyl2lip id desaturase and acyl2CoA
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desaturase (Fig1 3) 1 The Conserved Domain Database

(CDD ) ( http: / /www1ncbi1nlm1nih1gov/ sites/ entrez?

db = cdd) result of PvFadA showed two putative con2

served domains: one belongs to acyl2ACP desaturase

fam ily ( residues 1—304) and another belongs to a fer2
ritin2like fam ily ( residues 56—204) ( Fig1 1) [ 25 ] 1

Fig1 2　SDS2PAGE p icture of fused exp ression of PvFadA

11 pET32a + , 21 Non2induced of PvFadA, 31 Induced of PvFadA [A: SDS2PAGE result of PvFadA (66140kD) ]; 11 Supernatant of PvFadA; 21

Sediment of PvFadA [ B: SDS2PAGE result for soluble of PvFadA ( 66140kD ) ]; 11 Non2induced of PvFadA; 21 Induced of PvFadA

　　　　　 (C: western2blotting result)

Tab1 2　GC2M S results of fa tty ac id com position in E1coli ( nm ol)

C 12∶0 C 14∶0 C 16∶0 C 16∶1 C 16∶2 C 18∶0 C 18∶1Δ11 C 18∶1Δ9

pET32a + 14169 ±1120 25109 ±2141 105143 ±6174 38197 ±4102 4179 ±0136 26186 ±3167 89153 ±5163 2120 ±0125

pET32a2PvFadA 15101 ±1148 24157 ±2189 103156 ±4116 36143 ±3127 4132 ±0160 23105 ±3198 88137 ±6158 15108 ±1147

　　Note: Results were averaged and exp ressed as±SE ( n = 3)

　　After searching Swiss2Model p rogram, PvFadA was

homologous to 3D2structure (1afr_A) of R1comm uniΔ9

acyl2ACP desaturase, and then, a 3D2model structure

of PvFadA , which included 11α2helixes from N2term i2
nal to C2term inal to form a big helix domain, was sim2
ulated by comparative method of 3D2J IGSAW 1 N ineα2
helixes (α32α11) form a reverse direction parallelα2
helical bundle andα3,α4,α6 andα7 form a four2heli2
cal bundle structure which is the p redicted substrate2
combined center after superposition with 1afr_A [ 26, 27 ]

( Fig1 4) 1

3　D iscussion

Fatty acid p rofiling of P1 virid is showed it is a

good candidate to discover genes involved in the p ro2
duction and storage of PUFA1 A lthough many genes

coding for C18∶0Δ9 acyl2ACP desaturase have been

cloned from higher p lants, such as Ja tropha curcas,

Glycine m ax and O ryza sa tiva, etc
[ 28 ] 1 However, there

is little known of fatty acid desaturases from P1 virid is

and this is the first report of identification of functional

Δ9 desaturase in P1 virid is1 In the p resent study, we

p relim inarily characterized the PvFadA gene using an

exp ression system under the control of T7 RNA poly2
merase in E1coli1 The level of C18∶0 decreased and

that of C18∶1Δ9 increased 62fold in the cells that had

been transformed with pET32a2PvFadA1 And there

were no significant differences between the C12∶0,

C14∶0, C16∶0, C16∶1, C16∶2, C18∶1Δ11 composi2
tions in E1coli cells that had been transformed with

pET32a + and pET32a2PvFadA1 Therefore, it could

confirmed that PvFadA gene demonstrate a C18∶0Δ9

acyl2ACP desaturase activity specifically1
PvFadA contains an 1161bp putative ORF, corre2

sponding to 387 am ino acid residues1 A putative (D /

E) X2 HX ～ 100 ( D /E ) X2 H metal binding motif

(D124, E166, H169, E219, E252 and H255) , spe2
cifically conserved in acyl2ACP desaturase, which ap2
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peared in the am ino acid sequence of PvFadA , indi2
cates that PvFadA possibly belongs to soluble acyl2ACP

desaturase, but not to transmembrane acyl2lip id desat2
urase and acyl2CoA desaturase ( Fig1 1) [ 16 ] 1 Phyloge2
netic analysis ofΔ9 desaturase further indicated PvFa2
dA contained a closer evolution relationship withΔ9

desaturase of higher p lant than acyl2lip id desaturase of

cyanobacteria and acyl2CoA desaturase of B 1 taurus1
Crystal structures and site2directed mutagenesis of

higher p lant acyl2ACP desaturases have p rovided insight

into the structure2function characterization of PvFadA1
Detailed comparative analysis and computer modeling

Fig1 3　Phylogenetic relationship of three kinds ofΔ9 desaturase inferred from parsimony analysis1 Determ ined using CLUSTAL X 1181

The length of branches is p roportional to the inferred evolutionary distance between desaturases1 The Genbank accession number, identity and sub2

cellular location of each desaturase are indicated1 1 is acyl2ACP desaturase, 2 is acyl2CoA desaturase, 3 is acyl2lip id desaturase1 P1 virid is:

ABS20117 Pavlova virid is; G1 m ax 1: AAX86049 Glycine m ax; A1 tha liana 1: NP186911 A rabidopsis tha liana; M 1 truncatu la 1: AAY43331

M edicago truncatu la; J1 curcas 1: AAY86086 Jatropha curcas; L1 corniculatus 1: AAY78547 Lotus corniculatus var1 japonicus; M 1 unguis 1:

AAC05293 M acfadyena unguis2cati; R1 comm unis 1: CAA39859 R icinus comm unis; H1 annuus 1: AAB65144 Helianthus annuus; O1 sa tiva 1:

BAA07631 O ryza sativa (Japonica cultivar2group) ; C1 reinhardtii 1: EDP04705 Chlam ydom onas reinhardtii; G1 hirsutum : CAA65232 Gossypium

hirsu tum ; T1 ala ta: AAA61560 Thunbergia ala ta ( black2eyed Susan vine) ; T1 pseudonana 1: EED86327 Thalassiosira pseudonana CCMP1335;

P1 tricornutum 1: XP_002177417 Phaeodactylum tricornutum CCAP 1055; H1 sapiens 2: NP005054 Hom o sapiens; D1 rerio 2: NP942110 D anio

rerio; A1 aegypti 2: XP001658226 A edes aegypti; A1 tha liana 2: NP172098 A rabidopsis tha liana; B 1 Taurus 2: NP776384 B os Taurus; P1 tricor2

nutum 2: AAW70158 Phaeodactylum tricornutum ; M 1 m usculus 2: AAR06950 M us m usculus; C1 carpio 2: AAB03857 Cyprinus carpio; A1 tha li2

ana 3: BAA25181 A rabidopsis tha liana; A1 variabilis 3: BAA03434 Anabaena variabilis; N ostoc sp1 3: CAF18426; P1 hollandica 3: AAG16761

Prochlorothrix hollandica; S1 vulcanus 3: AAD00699 Synechococcus vulcanus; Synechocystis sp1 PCC 6803 3: BAA03982
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of 3D2model of PvFadA further demonstrate that a puta2
tive ferritin2like domain exists at residues 56—204,

α3, α4, α6 andα7 form a typ ical 42helical bundle

structure with left2handed twist and 1 crossover connec2
tion ( Fig1 1 and Fig1 4) 1 Moreover, alignment results

of PvFadA with stearoyl2ACP desaturase of higher p lant

indicated another conserved site, WX2 WX3 W TAEE at

residues 155 to 162, which localized atα4 domain of

metal binding motif in stearoyl2ACP desaturase
[ 16, 29 ] 1

Based on the structural superposition of PvFadA with

crystal structure of R1 comm uni, W103 of WX2 WX3

WTAEE participates to consist of the substrate channel of

PvFadA1 Of course, the current work highlights the fact

that desaturase function, in terms of regioselectivity, can2
not solely be based on p rediction from primary amino acid

sequence identity1 The structure and function characters

of PvFadA need further experiments, such as site2directed

mutagenesis, to further confirm the prediction1

Fig1 4　Proposed structural models for PvFadA

R ibbon diagram of the 3D modeling structure of PvFadA, generated using

　　　　 Swiss2Pdb V iewer

4　Conclusion

The identity of p redicted secondary structure, the

p roposed model, the location of am ino acids p reviously

imp licated in catalysis and substrate recognition do2

main, the disposition of the function residues p redic2
tion, phylogenetic relationship and NCB I B last results

indicate that 3D2model structure of PvFadA was a kind

of a superfam ily of acyl2ACP desaturase1 GC2MS re2
sults showed PvFadA appeared an activity of C18∶0Δ9

desaturase1 Therefore, it could concluded that PvFadA

maybe a stearoyl2ACP desaturase in unicell m icroal2
gae1 PvFadA will extend food2technological app lica2
tions, and will be useful for studying the biochem ical

pathway of fatty acid biosynthesis of m icroalgae1
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绿色巴夫藻脂肪酸去饱和酶的克隆和初步研究

元冬娟 1　周克元 1　康景轩 2　江黎明 1

(11广东医学院生物化学与分子生物学教研室 , 湛江　524023; 21哈佛大学医学院麻省总医院 ,波士顿　02114)

摘要 :在高等植物中 ,Δ9脂肪酸去饱和酶引入第一个双键到饱和的脂肪酸链中 ,导致单不饱和脂肪酸的形成。我们通过 RT2
PCR、RNA ligase mediated RACE (RLM 2RACE) and Overlap2PCR方法从海洋微藻绿色巴夫藻中克隆到一个命名为 PvfadA的脂

肪酸去饱和酶候选基因。通过将 PvfadA基因在大肠杆菌表达系统中成功表达 , PvFadA可以特异性地将 C18∶0脂肪酸转变成

C18∶1脂肪酸。PvFadA的氨基酸序列中存在一个存在于 acyl2ACP去饱和酶的特异性金属离子结合区段 (D /E) X2 HX～100

(D /E) X2 H。通过同源模建 PvFadA的 3D结构显示 ,其包含了 11个α螺旋 ,其中α3、α4、α6和α7组成了一个 4个螺旋桶的

核心结构 ,预测其可能是酶的活性中心。PvFadA的 3D结构类似于蓖麻和结核分枝杆菌 H37Rv的 acyl2ACP去饱和酶。

关键词 :硬脂酰 2ACP;Δ9去饱和酶 ; RLM 2RACE PCR;绿色巴夫藻 ; GC2MS


