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Abstract: In higher plant, A 9 desaturase introduces the first double bond into saturated fatty acids, resulting in
the correponding monounsaturated fatty acids W e have cloned gene, designated as PvfadA, for C18 0A 9 de-
saturase catalytic activity from Pavlova viridis by RT-PCR, RNA ligase mediated RACE (RLM-RACE) and
Overlgp-PCR strategy. This desaturase, when expressed in Escherichia coli, desaturated stearic acid o yield
oleic acid, but did not desaturate other fatty acids in E. coli. These reaults indicate that PvFadA is pecific to
stearic acid. The deduced amino acid sequencesof PvFadA show that a putative (D/E) X,HX 100(D/E) X,
H metal binding motif, which ecifically existed in acyl-ACP desaturase. Moreover, Amino acids of PvFadA

are smilar in part to those of acyl-ACP desaturases from higher plant, such asArabidopsis thaliana, Oryza sati-

va and Glycinemax, but not to those of acyl-lipid desaturases of Cyanobacteria, and acyl-CoA desaturases of
higher plant. In addition, the 3D-model structure of PvFadA is composed of 11 helixes, moreover, 0 3, 0 4, 0 6
anda 7 fom a core 4-helix bundle t regards as an active center in thisenzyme, smilar as acyl-ACP desaturase

of Ricinus canmunis and M ycobacterium tuberculosis H37Rv.

Key words Stearoyl-ACP; A 9 desaturase; RLM -RACE PCR; Pavlova viridis GCMS
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C18 0 (Stearic acid) A 9 desaturase played a key
le in the ratio of saturated and unsaturated fatty acids
(UFA) of higher plant. The enzymes that catalyze this
type of desturation reaction include three types
(1) A 9 acyl-lipid desaturase, introduce the first doub-
le bond at theAA 9 position of a saturated fatty acid that
has been esterified o a glycerolipid. And it isbound ©
plasnatic and thylacoid membranes of cyanobacteria,
and endoplasnic reticulum and chloroplast membrane
of higher plant. (2) A9 acyl-CoA desaturase, fatty
acids are desaturated in a CoA -bound fom, and which
is bound to endoplasnic reticulun and chloroplast
membrane of higher plant and animals (3) A 9 acyl-
ACP desaturase, which is ®luble in the strama of the
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chloroplast in higher plant, and fatty acid is desaturat-
ed in an ACP-bound fom, and shows different anino
acid sequences campared  the fomer o™ .

Pavlova viridis, Chrysophyta, isa unicell eukary-
otic microalga and goplied o an esential food organisn
for early larvae of crustacean, fish and shellfish in ag-
uiculture. The wtal lipid of P. viridis is composed of
46.08% UFA. Thus P. viridis always regards as a
good urce of triacylglycerols, PUFA (polyunsaturated
fatty acid) and polar lipids, and attracted increased in-
terest recently because of the possible use of RUFA bio-
reactor in bioengineer.

A Ithough many acyl-ACP desaturases fran higher
plant have been cloned, and crystal structures of acyl-
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ACP desaturase from R. canmunis andM . tuberculosis
H37Rv have been elucidated>*', searching on theA 9
desaturase in Genbank, sveral A9 desaturase genes
have been imlated from cyanobacterid® and Phaeo-
" In this report, we cloned a
possible acyl-ACP desaturase gene fraom marine mi-

dactylum tricornutum

croalgae P. viridis

It is knovn that both plants and E. coli contain
type Il fatty acid synthases”® . Moreover,
zymesof higher plant in the biogynthesis of fatty acids
are more closly resamble in E. coli than in animal.
When genes for the A6 acyl’ACP desaturase fram
Thunbergia alata® , A9 acylACP desaturase from
Sunflover ™ andA 4 acyl-ACP desaturase from vy ™
expresed in E. coli, the expresed protein shoved a

[12]

the en-

luble and active fom' ™" . Therefore, we demonstrate
in thispgper that an in vivo systan for the characteriza-

tion of plantA 9 acyl-ACP desaturase activity in E. coli.
1 M aterial and M ethods

1.1 Material Marinemicroalgae P. viridis fram the
Algae Culture Collection of the Institute of Aquatic,
Guangdong Ocean University, were grovn photoau-
otrophically at 25
(Chen, 1998) with shaking several times every day.
In the exponential phase of growth, cellswere harves
ted by centrifugation at 2, 500 % g for 10min at 4
and vacuum FreezeDrying at.

Other reagentswere of analytical grade or higher.
Al DNA manipulations and E. coli trandoimationswere
perfomed using standard procedures as described ™ .
All the assayswere repeated three times
1.2 Cloning of 3' codhg squence PvfadA fram
P. Viridis Total RNA was extracted from P. viridis
with Trizol reagent ( Invitogen, USA) . First-strand
DNA was gynthesized by reverse-transcript with Oligo
(dT) primer using SuperScript Il Revere Tran-
sriptase ( Invitrogen, USA) . 3’ end dDNA was ampli-
fied using Oligo (dT) primer and gene Pecific primer
(GSP) (5'-GTGGAGAATGACGAGTCCTGGCA 3' or
5'-GTGGAGAATGACGAGTCATGGCA  3')  derived
from GerBank acoording © conserved sequence of fatty
acid desaturae genes 3' RACE PCR profile was as
for 2 min; 94  for 30s 55 for

in Zhanjiang aquatic 107—118

folloving 94

30s 68 for2min (30 cycles) and 68 for 10 min.
A 1490bp PCR productwas detemined by agarose gel
electrophoresis and cloned into pTOPO TA vector ( In-
vitogen, USA) and sequenced.

1.3 Rapid amplification of 5° dNA end For
full-length fragnent, RNA ligasemediated rgpid an-
plification of 5' dDNA end (RLM-RACE) was carried
out b detemine the 5' nucleotide sequence of the de-
saturase using GeneRacer Kit ( Invitogen, URA) . To-
tal RNA was treated with CIP (Calf intestine A Ikaline
Phophatase), TAP (tobacco acid pyrophosphatase)
and ligated with GeneRacer RNA Oligo at the 5’ end of
the mRNA using T4 RNA ligae followving manufac-
ture’ sinstructions And then first-strand dNA synthe-
siswas perfomed by SuperScript 1l Reverse Tran-
sriptase ( Invitogen, USA) . A first PCR was conduc-
ted on first-strand dDNA using reverse GSP1 (5'-GGC-
CCGTCA GGTAGA GGAACTTA-3') and GeneRacer 5'
Primer. Nested PCR to anplify 5’ end dNA was then
perfomed using GeneRacer nested 5 Primer and re-
vere nested GSP2 (5'-GTGTTCAACA GCGICTGG-
TAGGT-3') . Fragnent generated was gel-purified
using the SN.A. P. Gel Purification Kit ( Invitrogen,
USA), cloned into pTOPO TA vector and sequenced.

1.4 Overlap-PCR to ligate 5' and 3' squence of
PvfadA The tamplates for chimera construction were
the plasnidspTORO TA-3 and pTORO TA -5 containing
5" and 3'-coding sequences, regectively. The fusion
primerswere used  generate 5' and 3'-coding PCR
fragnents contained a complementary 180bp region wu-
pemosition located at the 3" end of 5'-coding sequence
and 5’ end of 3'-coding seguence, regectively. After
purification of agarose gelsusing SN.A. P. Gel Purifi-
cation Kit ( Invitogen, USA) , these fragnents served
as tanplate in a subsequent PCR. The extension of the
overlgp using pfu polymerase (Stratagen, USA) viel-
ded a recombinant molecule, which was amplified
using the outlying primers ( ense primer 5'-ACGIG-
CATCCATGCGGEA GCACA-3" and antiense primer
5'-CA GTAAGCTTGTTA GTGCACGCGC-3', contained
BamH | and Hind Il restriction sites (underlined) )
yield a correpponding completed cds of PvfadA gene.
The tamperature profile for a fusion PCR was as follow-
ing 94 for 2 min, 37 for 10 min, 68 for 2
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min; and then 94 for45 s 55 for30 s 68 for
2min (30 cycles and 68 for 10 min. The resultant
productwas subcloned into pET32a+ (Novagen) with
BamH | and Hind Il and the accuracy of chimeric
constructswas confimed by DNA sequencing.

1.5 Expression of recanbhnant PvFadA The E.
coli BL21 (DE3) cellswas trandomed with PvfadA
gene (pET-32a+-PvfadA) and grown at 37  induced
with IPTG (isopropylthiof -galactopyranoside) at a fi-
nal concentration of 0. 5mM until cell density reached
0.50D600 (optical density at 600 nrm) . In addition,
exogenous fatty acids stearic acid were added t© a final
culture concentration of 0. 05mmol/L t increase the
basal level of C18 0 and Tergitol NP-40 (Signa) at fi-
nal concentration of 0. 2% (v/v), repectively. BL21
cells containing the empty plasnid vecior pET-32a
( +) wasused as a negative control. For assessnent of
desaturase activity, recambinant E. coli cellswere car-
ried at 37  with shaking (200 pm) for 2 h and har-
vested after induced with IPTG.

1.6 W estern-blotthg analysis 15ug of total pro-
tein were electrophoresed on an 11% P S-PAGE and
then tranderred o P/DF manbrane. Proteinswere de-
tected using anti-H is antibody ( Invitogen, USA) and
antibody oonjugated with horseradish peroxidase
(Zhongshan, China) and chemiluminescent agent
(enhanced chamiluminescence; Zhongshan, China) .
1.7 Fatty acid analysis Total fatty acidsof P. viri-
dis and E. coli cellswere extracted and methylated as
Kang' s one-step method ™' and methyl C17 0 and
C23 0 asan internal standard, regectively. Fatty acid
methyl esters (FAM Es) were analyzed with GC-17A
and M SQP5000 fitted a30m x 0. 25mm (inner diam-
eter) DBWAX (Supelco, USA) column. Oven tam-
peraturewas raised fram 100 at15 /min 220
after a1l min hold and then at10 /min © 250  after
a 13min hold, then holds 15min. Most FAM Es were

identified by compari®n of retention times b a 37
FAM E mix (Supeloo) . Double bond positions of mo-
nounsaturated fatty acid methyl esterswere detemined
by GCM S (gas chromaiography-mass gectrometry) .
1.8 Sequence analysisand character ization of Pv-
fadA gene  Sequence analysis signal peptide and
seocondary-structure prediction were conducted with
BLAST progran (http: / Aww. ncbi nim. nih gov/)
and Antheprot fvare, repectively. Amino acids s=-
guences of front-endA 9 acyl-ACP desaturases, acyl-
lipid desaturases and acyl-CoA desaturases of different
plants were extracted fran GerBank, and multiple
aligoments of representative desaturase genes s
quences of thes three fatty acid desaturase families
were prefomed using CLUSTAL X ™.
1.9 Molecular modelng of PvFadA Crystal
structure of R. canmunis A 9 Acyl-ACP desaturase
(FDB code 1lafr A) ' showed 41% identity with
deduced anino acid sequences of PvfadA gene. The
NCB | blast analysis shoved that PvFadA belongs b a
protein of ferritin-like superfanily, with E-value of
3.1e93. Therefore, prediction 3D-model structure of
PvFadA was perfomed by 3D-JIGSAW ervers using
lafr_A asmodel (http: / Aww. bmm. icnet. uk/serv-
ers/3djigsaw /) .

2 Realts

2.1 Clonhgand ssquence analysis of PvfadA gene

Fatty acid profiling of six gecies of marine mi-
croalgae (Zhanjiang, Guangdong, China) have shown
that P. viridis is a good candidate to discover genes in-
wolved in the production and storage of FUFA (data not
showvn) . Fatty acid content of P. viridis reached
5.77% in dry sample. UFA, EPA and DHA ocontent
reached 1o 46. 08%, 23.95% and 4. 83% of tal lip-
ids in P. viridis repectively (Tab. 1) .

Tab. 1 GCM Srealts of Fatty acid contents in P. viridis(%)

Cc18 3 Cc18 3

Sample Cci140 Cl6 0 Cle 1 Cci80 ci81 C18 2 (n-6) (n-3) C20 4 C20 5 C226
Paviova 18.00+ 16.34+ 12.87% 1.29+ 5.42 1.21+ 2.93 % 9.94 + 3.22% 23.95 % 4.83
viridis 1.02 1.43 1.52 0.04 0.41 0.03 0.17 0.81 0.11 3.86 0.52

Note Resultswere averaged and expressed as+ SE (n =3)
To clone and characterize the PvfadA present in

P. viridis, btal RNA was i®lated fram P. viridis and
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used for first-strand dMNA synthesis A 1490bp 3'end
dDNA was anplified by 3'-RACE PCR using Oligp
(dT) primer and GSP primer designed for desaturase
gene. Then, the remainder of a 490bp 5'ORF was ob-
tained by RLM -RACE PCR and nested PCR. And 5’
and 3'-end AONA were ligated by Overlgp-PCR using
outlying primers Thus, a complete cds of A9 fad
(designated as PvfadA, GerBank accession number
BU000382) gene was obtained. PvfadA was 1700bp,
including a putative ORF of 1161bp and a signal pep-
tide of 22bp with a cleavage site located at G22 and

23 by Antheprot ?*! . The putative protein contains a
387 amino acid residues and ielectric point 5. 795.
The deduced amino acids sequence of PvFadA showed
a putative gecific (D/E) X,HX 100 (D/E) X, H
metal binding motif at residues 160 © 196, which
particularly conserved at stearoyl-A CP desaturase fan-
ily (Fig. 1), whereas no three typical HRX; HR,
HX,HH, HX, HH clusters of histidine residues,
which gecifically existed at acyl-lipid desaturase and
acyl-CoA desaturase, were found in PvFadA'®"

(Fig- 1).

SEQ 1 KVEVLQAMEPFVEQHLNILKTVDESWQPQDFLPDMRREDWREK TAELRAECQETPDALLV 60
SS_ap CHHHHHHHHHHHHHHHHHHCCHHHCCCCCCCCCCCCCCCCCCCCCCCCHHHCCCCHHHHH
61 Al VGHTVTEEALPTYQTLLNTFEGMEDPTGTSQSPWARWSRGWT@V%D ILNKFLYL 120
HHHHHHHHHHHCCHHHHHHHHHCCCCCCCCCCCCHHHHHHHHHHHHHHHHHHHHHHHHHH
a3 a4
121 TGRIDMRAMEVTVHNLIKDGFNPSGEKDPYRGI IYTSF@RATK I SHQNVARLCGEAGAK 180
CCCCCHHHHHHHHHHHHHCCCCCCCCCCHHHHHHHHHHHHHHHHHHHHHHHHHHHCCCCH
ab
181 KLAILTTRI AGIﬁAREEMAYQAFMKEIFRLDPSNAMISFNEMMKAQIVMPAE[.MNDP INP 240
HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHCCHHHHHHHHHHHHHCCCCCCCCCCCCCCC
a7
241 NLYDDFSRVAQKIGVYTAVDYANITAYLVKEFKAETMTGLNAEAQAAQASVCALPKRYGR 300
HHHHHHHHHHHHHCCCCHHHHHHHHHHHHHHCCCCCCCCCCHHHHHHHHHHHHHHHHHHH
301 LAER 304

HHCC

Fig 1 Prediction of secondary structure of PvFadA
Deduced amino acids sequence (SEQ) and predicted secondary structure (SS qp) for PviadA gene fram residues1—304. A putative (D /E) X,HX
100 (D/E) X, H metal binding motif in the acyl’ACP desaturase was marked with square. Prediction Ferritin-liked domain was marked

with underline. C coiled region; HO -helix. 0 3, a 4, a 6 andd 7 canposed a prediction bimetal-ion bundle

2.2 Expression of PvFadA n E. coli

Fig 2A and Fig 2B showed the PvFadA accu-
mulates o high levels in Dlution in E. coli after centrif-
ugation and identification by DS-PAGE. PvFadA ex-
pression in a ©luble and active fom in E. coli and fur-
ther assessed by W estern-blotting (Fig. 2C) . The con-
tent of C18 1A 9in PvFadA carrying cells was in-
creased 6. 85 folds compared with control, but the con-
tentsof 12 0, 14 0, 16 0, 18 1A 11 was dightly re-
duced (Tab. 2). Thus, the PvFadA representsa e
cificA 9 acyl-ACP desaturase that is anenable o bio-
chamical investigation. It al9 providesa systam 1o per-

fom comparative structure-function studies onA 9 de-
saturase © gain insights into enzymatic control of regio-
pecifity with repect o saturated substrates
2.3 Sequence analysisand character ization of Pv-
FadA
PvFadA were squenced and shovn © be hanolo-
gous, with a40. 4% identity, oA 9 acyl-ACP desatu-
raee fran R. canmuni. Phylogenetic analysisof 25 ge-
cies fran higher plant contained these three groups of
A 9 desaturase families by Clust X 1.81 showed that
PvFadA contained a closer ewlution position o acyl-
ACP desaturase than acyl-lipid desaturase and acyl-CoA
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desaturase (Fig 3) . The Conserved Damain Database
(CDD) (http: / Mmw. ncbi. nim. nih. gov/ sites/ entrez?
db = cdd) result of PvFadA showved twvo putative con-

A M 1 2 3 B M

kD kD
66.40 66.40
44.30 44.30

srved damains one belongs o acyl-ACP desaturase
family (residues 1—304) and another belongs o a fer-
ritin-like family (residues56—204) (Fig 1)"*'.

1 2

Fig 2 DSPAGE picture of fused expression of PvFadA
1. pET32a+, 2. Non-induced of PvFadA, 3. Induced of PvFadA [A: 9D S-PAGE resultof PvFadA (66.40kD) ]; 1. Supematant of PvFadA; 2.

Sediment of PvFadA [B: DSPAGE realt for oluble of PvFadA (66.40kD) ]; 1. Non-induced of PvFadA; 2.

Induced of PvFadA

(C: westem-blotting result)

Tab. 2 GC+M S reaults of fatty acid composition in E. coli (nmol)

C12 0 Ci14 0 C16 0 Cil6 1 C16 2 C18 0 Cc18 11 C18 19
pET32a+ 14.69+1.20 25.09+2.41 105.43+6.74 38.97+4.02 4.79+0.36 26.86+3.67 89.53+5.63 2.20+0.25
pET32a-PvFadA  15.01+1.48 24.57 +2.89 103.56+4.16 36.43+3.27 4.32+0.60 23.05+3.98 88.37+6.58 15.08 +1.47

Note Resultswere averaged and expresed as+ SE (n =3)

After searching SvissModel progran, PvFadA was
hamologous o 3D -structure (1afr A) of R. canmunil 9
acyl-ACP desaturase, and then, a 3D-model structure
of PvFadA , which included 110 -helixes from N-temi-
nal o C-teminal © fom a big helix domain, was sm-
ulated by comparative method of 3D-JIGSAW. Nined -
helixes @ 36 11) fom a reverse direction parallela -
helical bundle anda 3,0 4,0 6 anda 7 fom a four-heli-
cal bundle structure which is the predicted substrate-
combined center after superposition with 1afr A ?*%!
(Fig 4).

3 D iscussion

Fatty acid profiling of P. viridis shaved it is a
good candidate to discover genes inwolved in the pro-
duction and storage of RJFA. A lthough many genes
coding for C18 0A 9 acyl-ACP desaturase have been
cloned from higher plants, such as Jatropha curcas,

[28]

Glycinemax and Oryza sativa, etc” . However, there

is little known of fatty acid desaturases from P. viridis
and this is the first report of identification of functional
A 9 desaturase in P. viridis In the present study, we
preliminarily characterized the PvFadA gene using an
expression systan under the control of T7 RNA poly-
merase in E. coli. The level of C18 0 decreased and
that of C18 £° increased 6-fold in the cells that had
been trandomed with pET32a-PvFadA. And there
were no significant differences betveen the C12 O,
Cl4 0, Cl16 0, C16 1, C16 2, C18 1A 11 camposi-
tions in E. coli cells that had been trandomed with
pET32a + and pET32a-PvFadA. Therefore, it could
confimed that PvFadA gene demonstrate a C18 0A 9
acyl-ACP desaturase activity gecifically.

PvFadA contains an 1161bp putative ORF, corre-
sonding o 387 amino acid residues A putative (D/
E) X, HX 100 (D/E) X, H metal binding motif
(D124, E166, H169, E219, E252 and H255), e
cifically conserved in acyl-ACP desaturase, which gp-
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peared in the anino acid sequence of PvFadA, indi-
cates that PvFadA possibly belongs to ®luble acyl-ACP
desaturase, but not © transnembrane acyl-lipid desat-
urase and acyl-CoA desaturase (Fig 1)"®'. Phyloge-
netic analysis of A 9 desaturase further indicated PvFa-
dA contained a closer ewolution relationship withA 9

desaturase of higher plant than acyl-lipid desaturase of
cyanobacteria and acyl-CoA desaturase of B. taurus
Crystal structures and site-directed mutagenesis of
higher plant acyl-ACP desaturases have provided insight
ino the structure-function characterization of PvFadA.
Detailed comparative analysis and computer modeling
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Fig 3 Phylogenetic relationship of three kinds of A 9 desaturase inferred fran parsimony analysis Detemined using CLUSTAL X 1. 81
The length of branches isproportional to the inferred evolutionary distance betveen desaturases The Genbank accession number, identity and sub-
cellular location of each desaturase are indicated. 1 is acyl-ACP desaturase, 2 is acyl-CoA desaturase, 3 is acyl-lipid desaturae. P. viridis
AB 320117 Pavlova viridis G. max 1: AAX86049 Glycinemax; A. thaliana 1: NP186911 Arabidopsis thaliana; M. truncatula 1: AAY43331
M edicago truncatula; J. curcas 1: AAY86086 Jatropha curcas L. comiculatus 1: AAY78547 Lotus corniculatus var. jgoonicus M. unguis 1:
AACO05293 M acfadyena unguis-cati; R. canmunis 1: CAA39859 Ricinus canmunis H. annuus 1: AAB65144 Helianthus annuus O. sativa 1:
BAA07631 Oryza sativa (Jgponica cultivar-group) ; C. reinhardtii 1: EDP04705 Chlamydanonas reinhardtii; G. hirsutum: CAA65232 Gossypium
hirsutum; T. alata: AAA61560 Thunbergia alata (black-eyed Susan vine) ; T. psaudonana 1. EED86327 Thalassiosira pseudonana CCM P1335;
P. tricomutum 1: XP_002177417 Phaeodactylum tricornutum CCAP 1055; H. sapiens2: NP005054 Hano sapiens D. rerio 2: NP942110 Danio
rerio; A. aegypti 2: XP001658226 Aedes aegypti; A. thaliana 2: NP172098 Arabidopsis thaliana; B. Taurus2: NP776384 Bos Taurus P. tricor-
nutum 2: AAW 70158 Phaeodactylum tricornutum; M. musculus2: AAR06950 M usmusculus C. carpio 2: AAB03857 Cyprinus carpig A. thali-
ana 3: BAA25181 Arabidopsis thaliana; A. variabilis 3: BAA03434 Anabaena variabilis Nostoc 9. 3: CAF18426; P. hollandica 3: AAG16761
Prochlorothrix hollandica; S. wulcanus 3: AAD00699 Synechococcus wulcanus Synechocystis . PCC 6803 3: BAA 03982
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of 3D-model of PvFadA further demonstrate that a puta-
tive ferritin-like domain exists at resdues 56—204,
03,04, 06 anda 7 fom a typical 4-helical bundle
structure with left-handed wist and 1 crosover connec-
tion (Fig. 1 and Fig. 4) . Moreover, aligmment results
of PvFadA with stearoyl-ACP desaturase of higher plant
indicated another conserved site, WX, WX;W TAEE at
residues 155 o 162, which localized atd 4 domain of
metal binding motif in stearoyl-ACP desaturasg™*’ .
Basd on the structural supemosition of PvFadA with
crystal structure of R. canmuni, W103 of WX, WX,
W TAEE participates b consist of the substrate channel of
PvFadA. Of course, the current work highlights the fact
that desaturase function, in temsof regioselectivity, can-
not lely be based on prediction from primary anino acid
fguence identity. The structure and function characters
of PvFadA need further experiments uch as site-directed
mutagenesis 1o further confim the prediction.

1l &
Vea

Fig 4 Proposed structural models for PvFadA

Ribbon diagran of the 3D modeling structure of PvFadA, generated using

Sviss-Pdb V iewver

4 Conclusion

The identity of predicted secondary structure, the
proposed model, the location of anino acids previously
implicated in catalysis and substrate recognition do-

main, the digosition of the function residues predic-
tion, phylogenetic relationship and NCB | B last reaults
indicate that 3D ‘model structure of PvFadA was a kind
of a aperfamily of acyl-ACP desaturae. GCMS re-
aults showed PvFadA gppeared an activity of C18 0A 9
desaturase. Therefore, it could concluded that PvFadA
maybe a stearoyl-ACP desaturase in unicell microal-
gae. PvFadA will extend food-technological applica-
tions, and will be useful for studying the biochamical
pathway of fatty acid biogynthesis of microalgae.
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