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ABSTRACT

Polyunsaturated Fatty Acids (PUFA) of the n-6 an@® ieries play important roles in nutrition.
Microorganisms are important sources of n-6 andfaty acids; however, most produce either n-6-@ n
fatty acids as the major PUFAs and very few prochath. This differential production suggests thdFRs
metabolic pathway is strictly controlled in micrganisms. The major pathway of n-6/n-3 faty acids
biosynthesis in lower eukaryotes is composed 1 Desaturase (Desp3 Des A15, Al7), A6 Des,A6
Elongase (Elo)A5 Des,A5 Elo andA4 Des, among which6 Des and\15 (@3) Des, located at the branch
point of PUFAs metabolic pathways, are key reguats the flux of linoleic acid (18:2 n-6) into kér n-6

or n-3 fatty acid metabolic pathways. These latt&y enzymes work together as a molecular switch tha
control the production of n-6/n-3 fatty acids. Haeethe mechanism of the molecular switch is, sprfat
clear. This review summarizes the recent advanceofethe molecular base of the differentail prodtuct

of n-6 or n-3 PUFASs in microorganisms.
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1. INTRODUCTION acid, Alpha-Linoleic Acid (ALA; 18:3 n-3).
Furthermore, most plant species do not usually pced
Poly Unsaturated Fatty Acids (PUFAs) are straight A6-desaturated fatty acids, with a few exceptionshsu
chain fatty acids with chain lengths varying frot8  as Boraginaceae, Oenothera spp. and Ribes spp.
to C22 and more than two double bonds. Among (Gunstone, 1992). In addition, some members of the
these, n-6 and n-3 fatty acids are essential toadmum Primulaceae family accumulatey-linolenic acid (GLA,;
health and play important but different physiolaic 18:3 n-6) and SteariDonic Acid (SDA; 18:4 n-3)
roles. A balanced ratio of n-6/n-3 fatty acids ahd (Sayanovaet al., 1999; 2006).Primula species can
amount of n-3 fatty acids, is regarded as importantproduce either n-6 or n-a6-desaturated fatty acids
factors for human health (Harris, 2006; Sceital., (GLA or SDA) depending on the substrate preference
2007; Candelat al., 2011). However the ratio of n-6/n- of A6 DesaturaseAG Des) but the overall production
3 in current diet oils is commonly around 10:1 @12 of n-3 fatty acids is much higher than n-6 fattydac
which is far from ideal, due to the fact that mokthe suggesting a high activity 06-3 Desaturase a(-3
traditional plant oils, such as soybean oil, sunéo oil, Des) is present in these organisms (Sayareival.,
peanut oil, contains high-levels of n-6 fatty acid, 1999; 2003; 2006). However, in general, higher tsdan
linoleic acid (LA; 18:2 n-6)), with the exceptiorf a does not produce PUFAs with carbon chain length
few plant oils, such akinum usitatissimum andPerilla beyond C18 and the few that do, do not producey fatt
frutescens, that contain very high amounts of n-3 fatty acids with more than two double bonds.
Corresponding Author: Yuanda Song, State Key Laboratory of Food SciamceTechnology, Jiangnan Universiyuxi 214122,
Jiangsu, China and Jianxin Chen, School of Scidbleangzhou Institute of Technology,
Changzhou 213022, Jiangsu, China
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Very long chain PUFAs (VL-PUFAs, with carbon chain
length =20) commonly occur in many microorganisms
including microalgae (Lenihan-Geelgt al., 2013),
filamentous fungi (Shimizuet al., 1988), marine
protists  Schizochytrium and  Thraustochytrium
(traditionally refered to marine fungi) (Nagaeb al.,
2011) and bacteria (Abd Elraza#t al., 2013). In
microalgae and filamentous fungi, the biosynthetic

flux of LA to n-6/n-3 fatty acids is controlled by
endogeneous biosynthetic pathways which are regplilat
by either the property of the enzymes, such asr thei
substrate preference, or environmental stimuli sash
low temperature, which has been shown to inducdatt3
acid prodution (Shimizet al., 1988). The main enzymes
involved in the biosynthesis of n-6/n-3 PUFASs ikanyotic
microorganisms (both algae and fungi) a2 Des,»-3

pathway for PUFAs is the desaturase/elongase systen(Al5,A17) DesA6 Des,A6 Elo, A5 Des,A5 Elo andA4

while in marine protsits, the desaturase/elonggstes
and Polyketide Synthase (PKS) both exist and inmaar
bacteria only PKS is available for PUFAs biosynibes
(Metz et al., 2001). Therefore in this review we focus
on the regulation of PUFAs biosynthesis in micraalg
and filamentous  fungi. Most  oleaginuous
microorganisms, such as algae and a few fungi,
produce oils with n-3 fatty acids as dominant PUFAs
some, such as the zygomycete fungi, produce otils wi
n-6 fatty acids as dominant PUFAs, only very few
microorganisms can produce oils with both n-3 arfil n
fatty acids as major PUFAs. Therefore the produactb
different series of PUFAs is strictly regulated each
individual microorganism, suggesting that the meliab

w-6

2 S . . .
Oleic acid A12 Des Linoleic acid

[OA. 18:1(A9)] 3 [LA. 18:2(A9.12)]
l A6 Des

Ganuna linolenic acid
[GLA. 18:3(A6.9.12)]

lAGEm

Dihomo-gamma linolenic acid
[DGLA, 20:3 (A8.11,14)]

lAﬁDes‘

Arachidonic acid
[ARA, 20:4 (A5.8.11.14)]

l;sEm

Docosatetraenoic acid
[DTA. 22:4(A7.10,13.16)]

lA—l Des

Docosapentaenoic acid

[DPA. n-6, 22:5(A4.,7.10.13.16)]

Des (Pereirat al., 2003), as shown iAg. 1.

During the synthesis of PUFAS, the precursor, oleic
acid (18:1 n-9) is first converted to LA (18:2 ni§)A12
Des which, in turn, is converted to ALA (18:3 n43y
A15 Des. LA and ALA are further converted to
Docosapentaenoic Acid (DPA, 225 n-6) and
Docosahexaenoic Acid (DHA, 22:6 n-3), respectivaky,
the end products of the n-6/n-3 fatty acid pathways
catalysed by\6 Des,A6 Elo,A5 Des,A5 Elo andA4
Des. Among these enzymeAf Des andw-3 Des
(especiallyA15 Des), located at the branch point of n-
6/n-3 fatty acid pathways, work together as a
molecular switch that regulate the flux of LA into

Fig. 1. Main metabolic pathway of LA flux into n-6 or nFBJFAs in eukaryotic microorganisms
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either n-6 or n-3 fatty acid pathway.
w-3
A15 Des Alpha linolenic acid
-3 Des [‘XL.‘X‘ 18:3 (A")‘lz‘lg}]
l A6 Des
A15 Des Stearidonic acid
Do [SDA, 18:4 (A6.9,12.15)]
l AGElo
A17 Des Eicosatetraenoic acid
=3 Do [ETA. 20:4 (A8.11.14.17)]
lAFDﬁ
A17 Des Eicosapentaenoic acid
o3Des  [EPA 20:5(A5811,14.17)]
l_\. S Elo
Docosapentaenoic acid
[DPA. n-3, 22:5(A7.10.13.,16,19)]
lA4Dﬁ
Docosahexaenoic Acid
[DHA, 22:6 (A4.7.10.13.16.19)]
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In this article, we summarize the recent findingeuwt n- converted to GLA (18:3 n-6); group 4 contai Des,
6/n-3 fatty acid production in microorganisms that A12 Des,A15 (®-3) Des andA6 Des, therefore the LA
contain bothA6 Des andw-3 Des. We also give a produced in this group of cyanobacteria can be edad
summary of the biochemical characterizatiom6fDes into both n-6 GLA and n-3 ALA.

and ®-3 Des and provide a rational correlation between

the LA flux and the substrate preference and aytivf 3. MOLECULAR SWITCH OF

the molecular switch. MICROORGANISMSTHAT PRODUCE

2. MICROORGANISMSTHAT CONTAIN N-6 FATTY ACIDSASMAJOR LIPIDS
BOTH A6 DESAND Q-3 DES GENES Species belonging to the genwdortierella can

. ) ) ~ produce large amounts of Arachidonic Acid (ARA; £0:

Not all PUFAs-producing microorganisms with n-g) but very little Eicosapentaenoic Acid (EPA;20-
desaturase systems contain ba#h Des andw-3 Des  3) (Murata and Wada, 1995Mortierella alpina is
genes. For example, the filamentous furigiucor currently used to produce ARA commercially. Genomic
circinelloides that produces significant amounts of GLA analysis has shown that this fungus contaih§ (©-3)
(Kennedyet al., 1993), but not ALA or SDA, has thk6 Des, A6 Des, A6 Elo and A5 Des fatty acid
Des gene but not that coding fal5 (©-3) Des in its  desaturation/elongation systems for the productién
genome as revealed by genomic analysisseries PUFAs (Wang al., 2011). Although it contains a
(http://genome.jgi-psf.org/Mucci2/Mucci2.home.html) complete set of desaturase genes for the biosyathés
In contrast, the green microalgaChlamydomonas both ARA (n-6) and EPA (n-3), at physiological gtbw
reinhardtii, that produces 80% of its total fatty acids as temperatures, it produces ARA as the only major VL-
n-3 fatty acid ALA (18:3 n-6) has-3 Des gene but not PUFA. This regulation of PUFA metabolic flux is far
A6 Des gene in its genome (Nguyeh al., 2013). due to the substrate specificity of thé DesTable 2,
Neither of these microorganisms has baéhDes ando- (Liu et al., 2011; Sakuradani and Shimizu, 2003;
3 Des and clearly no switching between the PUFA Sakuradangt al., 2005; Zhuet al., 2002) which prefers
pathways is possible. Therefore, these and similarn-6 fatty acid LA to n-3 ALA as substrate andatS Des
oleaginous microorganisms that only produce PUFAs o Must be repressed at physiological growth tempeatu
a single series will not be further discussed is ffaper. ~ (Shimizuet al., 1998). Although the>-3 Deshave been

Although genomic sequences of many fungi andcloned and biochemically ~studied in a few
microalgae are available, the desaturases of thos&nicroorganismdables, (Gellerman and Schienk, 1979;
organisms have yet to be identified. Those orgamism Pereiraet al., 2004; Sakamotet al., 1994; Wada and
that have bothh6 and -3 Des, based on the PUFAs Murata, 1990), its expression level in oleaginous
profile of the microorganisms, including some where Microorganisms has not been determined so far.
molecular work has been carried out on their deaags, However over-expression @f-3 Des inMt. alpina by
are listed inTable 1. Most microorganisms that have genetic engineering increased the production of EPA
both A6 Des andw-3 Des are filamentous fungi and from 5 to 35% of the total FAs and ARA decreaseuinfr
microalgae. In general, yeast species hsl& (»-3) Des 60 to 30% of total FAs, while the amount of totatty
but not A6 Des in their genome; however, one yeast, acids did not change significantly (Andw al., 2009).
Candida diddensiae, may have bath and ©-3 Des  These results suggested that k& Des ando-3 Des
based on its fatty acid profile (Rateldge, 1997hisT  work together as a switch, which is regulated bgirth
however, is from a single report and the constituen substrate preference and activity, controlling fioe of
desaturases were not identified. Interestingly, LA into n-6 and/or n-3 fatty acid pathways. Furthere,
cyanobacteria species show highly diversified deaae  at low temperatures (12-1@) some species oMt.
systems (Dyal and Narine, 2005): Group 1 have a8ly  alpina can produce significant amount of EPA (2% w/w
Des and, as a consequence, they produce onlpf TFA for strain ATCC 32222; 15% w/w of TFA for
monounsaturated fatty acids; group 2 ha@Des,A12 strain 1S-4). These results suggested &8t Des, which
Des and A15 @-3) Des and, accordingly, these converts LA to ALA, is regulated by temperature.
organisms can produce LA, that is further convetted- Whereas cold-induced expression @3 Des gene at
3 fatty acid ALA (18:3 n-3); group 3 contai® Des, mRNA level have been found in algae and many plants
A12 Des andA6 Des and produce LA, that is further (Wada and Murata 1990; Shi al., 2011; Zhangt al.,
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2011; Takemurat al., 2012) and it is most sensitive to Des from Ostreococcus lucimarinus showed strong
changes in temperature compared to other desasuraségreference for ALA, 39% of fed ALA was converted to

such asA9, A12 and A6 Des gene (Sakamote al.,
1994). Therefore, it is suggested thaB Des gene ivit.
alpina is repressed at physiological temperature of 2&28
leading to flux of LA to ARA and at low temperatyieis
induced, leading to the partial flux of LA to ALAyhich is
further metabolized to EPA.

Recent work has found that a phototrophic alga

Parietochloris incisa, can produce ARA up to 60% of
the total FA, but with very little EPATable 4,
(Iskandarovet al., 2010), although tha6 Des of this
organism can convert LA and ALA at similar actiggi
This suggests that ita1l5 or -3 Des gene must be
repressed at physiological temperatures, whichltregu
in the switch-off of LA flux to ALA and therefore
leading to diminished flux of ALA to EPA. Similatly
other organisms such &gnechocystis sp. PCC 6803 and

'that

SDA, while only 6.6% of fed LA was converted to GLA
A6 Des from Micromona pusilla also shows strong
preference for n-3 fatty acids, the conversiondyaf ALA

is ten times higher than that of LA.

These data suggests that the substrate preferénce o
A6 Des play a major role in directing the flux of lufto
n-3/n-6 fatty acid pathway. However, it is notevigrt
A6 Des from microalgae Phaeodactylum
ricornutum, Glossomastix chrysoplasta and
Thalassiosira pseudonana have no significant
substrate preferencerdble 4), but these organisms
can still produce n-3 fatty acids as major PUFAs,
indicating that an activan-3 Des gene is highly
expressed in these organisms, although @k& Des
from these organisms have not been characterized so
far. Taken together, the n-3 fatty acid prefereota6
Des and the potential high-level expression B

Conidiobolus obscurus that can produce more n-6 fatty Des gene probably lead to the high production &f n-

acids than n-3 fatty acids, even though th&lr Des
works equally with either n-6 or n-3 fatty acidble 3,
(Reddyet al., 1993; Taret al., 2011).

Pythium irregulare, is a rare example of a

microorganism that can produce both n-6 ARA and n-3

EPA as its major PUFASable 4, (O'Brien et al., 1993;
Hong et al., 2002). TheA6 Des of this fungus can
catalyze the desaturation of both LA and ALA athhig
conversion yields, albeit with slight substrateference
towards LA. These results indicate thatwe3 Des is
actively expressed in this organism. Furthermohe, t

fatty acids and thus high ratio of n-3/n-6 fattydesc

5. POTENTIAL REGULATORY
MECHANISM OF THE MOLECULAR
SWITCH

The molecular switch of n-6/n-3 PUFA production is
controlled by the substrate preferenceA6fDes and the
activity of o-3 Des. Although many studies have been
carried out to determine the substrate preferernice o
heterogeneous expressad Des, no structure-function

fungus produced much more EPA than ARA (1.4-fold studies have been achieved so far, not to mentiom h

increase) when grow at low temperature state,\ikele
to the induction of»-3 Des gene by low temperature.

4. MOLECULAR SWITCH OF
MICROORGANISMS THAT PRODUCE
N-3FATTY ACIDASMAJOR LIPIDS

Many oleaginous microalgae can produce n-3 VL-

PUFAs and theA6 Des from several n-3 fatty acid

producing organisms have been characterized
biochemically Table 3, (Dunstan et al., 1992;
Domergue et al., 2005; Petrieet al., 2010a; 2010b;

Wagneret al., 2010; Ahmanret al., 2011). In general,
the substrate preference A8 Des correlates with the ratio
of n-3/n-6 fatty acids. Marine microalgae are ofig¢he
primary producers of n-3 fatty acids, such as BRARHA
and the ratio of n-3/n-6 fatty acids in these oigfas are
usually very high. In terms of the substrate spgts of
the A6 Des in these organisms, as showiable 3, they
usually prefer to use n-3 fatty acids ALA. For exdeA6

////4 Science Publications
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this substrate preference 86 Des may be regulated by
nutritional or environmental conditions.

The molecular mechanism for the sensing of low-
temperature and induced expression of desaturase ge
in eukaryotic organisms is unknown, however it has
been investigated in cyanobacteria &atillus subtilis
(Suzuki and Murata, 2000; Aguilat al., 2001) and well
reviewed (Sakamoto and Murata, 2002; Shivaji and
Prakash, 2010). It was suggested that the primgnals
perceived by a bacterium when exposed to low-tegher
is the rigidification of the membrane. This caushe
activation of a membrane-associated sensor, whictri,
activates a cytosolic response regulator. Besidleis,
activated response regulator binds to the pronufte¢he
desaturase and as a consequence the desaturahecedi
In cyanobacteria the Hik 33 (sensor)-Rer 26 (respon
regulator), while in Bacillus the DesK (sensor)-Res
(response regulator), the two component systemofer
temperature signaling has been identified (Suzuki a
Murata, 2000; Aguilar et a., 2001).
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Table 1. Microorganisms that contain bot® Des ando-3 Des

Family Species MaiRPUFAs (%) References
Cyanobacteria ? Synechocystis GLA: 21 (Wada and Murata, 1990;
sp. PCC 6803 SDA: 8 Reddyal., 1993;
Sakamotet al. 1994)
Yeast Saccharomycetaceae Candida diddensiae ALA: 5 (Rateldge, 1997)
SDA: 1 (Shimiziet al., 1988;
GLA: 10 Sakuradarst al., 2005)
Mortierellaceae GLA: 37
Mortierella elongate ARA: 5
EPA: 7 (Bajpagt al., 1992)
ARA: 177
EPA: 14 (O'Brienet al., 1993;
Pythium irregular ARA: 10
EPA: 2% Honget al., 2002)
Filamentous fungus Pythiaceae Pythium ultimum ARA: 15 (Weete and Gandhi, 1992)
EPA: 12
GLA: 2
Phytophthora infestans ARA: 3 (Larkin and Groves, 2003;
EPA: 20 Suret al., 2013)
GLA: 3
DGLA: 7
Ancylistaceae Conidiobolus obscures ARA: 10
ETA: 1 (Tanetal., 2011)
EPA: 7
Saprolegniaceae Saprolegnia diclina ARA: 10 (Gellerman and Schlenk, 1979;
EPA: 20 Pereirat al., 2004)
SDA: 21
Micromonas pusilla EPA: <1 (Dunstarmt al., 1992;
DPA: <1 Petriest al., 2010b)
DHA: 9
Mamiellaceae Ostreococcus lucimarinus  DHA: 3 (Petrieet al., 2010a;
Ahmanret al., 2011)
Microalgae Ostreococcus tauri DHA: 12 (Domerguet al., 2005;
Phaeodactylaceae Phaeodactylumtricornutum ETA: <1 Wagnegt al., 2010)
ARA: 1
EPA: 36 (Grimat al., 1996;
DHA: 3 Domerguet al., 2002)
Thalassiosiraceae Thalassiosira pseudonana EPA: 17 (Tonoret al., 2002;
DHA: 5 Tononet al., 2005)
Pinguiochrysidaceae Glossomastix chrysoplasta ARA: 6 (Kawachiet al., 2002;
EPA: 39 Hsia@t al., 2007)
DHA: 9
Parietochlorisincise ARA: 57 (Iskandaroet al., 2010)
EPA: <1
Chlorellaceae Chlorella minutissma ARA: 3 (Setoet al., 1984)
EPA: 45
Chlorella NKG042401 GLA: 11 (Hiranet al., 1990)
ALA: 14
ARA: 5
EPA: 2
Schizochytrium sp. DPA: <1 (Naganet al., 2011)
DHA: 6
Thraustochytriaceae ARA: 5
EPA: 3
Thraustochytrium sp. DPA: <1 (Naganet al., 2011)
DHA: 29
ARA: 1
Isochrysidaceae Isochrysis galbana EPA: 25 (Liuet al., 2013)
DHA: 11
Nannochloropsisoculata  ARA: 4 (Tononet al., 2002)
EPA: 38 (Tonoret al., 2002)
Monodopsidaceae Nannochloropsis sp. ALA: 2 (Nitsanet al., 1999)
ARA: 5
EPA: 28
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Table 2. A6 Des with substrate preference of LA

A6 Des substrate
conversion yieltl(%)

Organisms Main PUFAs (%) n-3 FAs/n-6 FAs LA ALA Reface
ARA: 48 (Shimizuet al., 1988;
Mt. alpina 1S-4 EPA: 0 Sakuradani and Shimizu, 2003)
GLA: 10'
ARA: 28 (Zhuetal., 2002;
EPA: 15 0 Liu et al., 2011)
<1 47 30
Mt. alpina W15 GLA: 4
DGLA: 3
AA: 9 0 51 0

*Strain was cultivated at 28%Gtrain was cultivated at 12°C §Substrate convergield was calculated as described previously
(Sakuradanet al., 2005), Conversion yield (%) = 100x ([product]fdduct + substrate\6 Desaturase gene frokh. alpina 1S-4
was expressed iA. oryzae. A6 Des gene fronM. alpina W15 was expressed i pastoris. The substrate preference was calculated
based on its endogenous fatty acids production

Table 3. A6 Des with substrate preference of ALA

A6 Des substrate
conversion yieldtl(%)

Organisms Main PUFAs (%) n-3 FAs/n-6 FAs LA ALA Reference
Micromonas pusilla SDA: 21 (Dunstaset al., 1992;
EPA:<1 Petriet al., 2010b)
DPA:<1 (Petriet al., 2010a;
DHA:9 N.A. 5 63 Ahmanret al., 2011)
Ostreococcus lucimarinus DHA: 3 (Domergueet al., 2005;

N.A. 7 39 Wagneet al., 2010)
Ostreococcus tauri DHA: 12 4 59 82

§Substrate conversion yield was calculated as ithestrpreviously (Sakuradargt al., 2005), Conversion yield (%) = 100x
([product]/ [product + substrate]. NA: Not Avail@lA6 Des genes in these organisms were express8dcerevisiae and the
substrate preference was studied by feeding thet yéth exogenous precursor fatty acids as sulestrat

Table4. A6 Des with no significant substrate preference

A6 Des substrate
conversion yieldti(%)

Organism Main PUFAs (%) n-3 FAs/n-6 FAs LA ALA Reface
Parietochlorisincisa ARA: 57 (Iskandaroet al., 2010)
EPA: <1
<1 5 5 (Wada and Murata, 1990;
Synechocystis sp. PCC 6803 GLA: 21 Reddyal., 1993)
SDA: 8
<1 68 57 (Tart al., 2011)
Conidiobolus obscurus GLA: 3
DGLA: 7
ARA: 10
ETA: 1
EPA: 7
<1 15 16 (O'Brieret al., 1993;
Pythiumirregulare ARA: 11" Honget al., 2002)
EPA: 14
ARA: 10'
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Table4. Continue

EPA: 25"
1&1
P 80 67 (Grimaet al., 1996;
Phaeodactylum tricornutum ETA: <1 Domerguet al., 2002)
ARA: 1
EPA: 36
DHA: 3
39 28 27 (Kawachdt al., 2002;
Glossomastix chrysoplasta ARA: 6 Hsiaoet al., 2007)
EPA: 39
DHA: 9
8 6 7
Thalassiosira pseudonana EPA: 17 (Tonoret al., 2002;
DHA: 5 N.A. 68 80 Tonoret al., 2005)

*Grown at 22°C{Grown at 14°C, 8Substrate conversion yield was tatled as described previously (Sakuradenal., 2005),
Conversion yield (%) = 100x ([product]/ [product ttbstrate].A6 Des gene from P. irregular was expressed in Bmashincea,
substrate preference was calculated based ondtmenous fatty acids production6 Des gene fron®ynechocystis sp. PCC 6803
was expressed in Anabaena, substrate preferenceal@asated based on its endogenous fatty acidduptmn.A6 Des from all
other organisms were expressedSincerevisiae and the substrate preference was studied by fgetim yeast with exogenous
precursor fatty acids as substrates

Table 5. »-3 Des from different specigs

®-3 Des substrate
conversion yieldtl(%)

Organism Main PUFAs (%) n-3 FAs/n-6 FAs 18C 20C Rafee
Saprolegnia diclina ARA: 10 (Gellerman and Schlenk, 1979;
EPA: 20 2 0 31 Pereirt al., 2004)
Mortierella alpina 1S-4 ARA: 48 (Shimizuet al., 1988;
EPA: 0 Sakuradanét al., 2005)
ARA: 28
EPA: 15
(04
<1 20 10
Synechocystis sp. PCC 6803  GLA: 21 (Wada and Murata, 1990;
SDA: 8 <1l 25 ? Sakamotb al., 1994)

*Strain was cultivated at 28°C tStrain was cultédhat 12°CGgYield of substrate conversion was calculated asriesd previously
(Sakuradanét al., 2005), Conversion yield (%) = 100x ([product]fdduct + substrate}»-3 Des gene frondynechocystis sp. PCC
6803 was expressed Bynechococcus sp. PCC 7942w»-3 Des genes from other organisms were expressé&d derevisiae, the
substrate preference wstsidied by feeding the yeast with exogenous prectatty acids as substrates

6. SUMMARY LA or ALA is comparable, then the activity af3 Des,
which is controlled by its genetic background, higo
Most fungi, microalgae and some bacteria produceregulated by environmental stimuli such as tempeeat
PUFAs through oxidative desaturation of fatty adids determines the metabolic flux of LA into n-6 or riedty
only some of them can produce both GLA and ALA and acids. When the activity ob-3 Des is very low, the
their derived fatty acids, these organisms corttai A6 microorganism produces n-6 fatty acids as majadsip
and o-3 Des. The substrate preference A Des of  when the activity ofo-3 Des is very high, then it
microorganisms plays a major role in directing the produces n-3 fatty acids as major lipids and ataaer
metabolic flux of LA into either n-6 or n-3 PUFAR. activity level, it may produce equal amount of af&l n-
produces n-6 or n-3 PUFAs as major product accgrdin 3 fatty acids. The substrate preferenceA@f Des is
to its substrate preference of n-6 or n-3 fattydsci controlled by its protein structure which is primar
However when the substrate preferenceA6fDes for  determined by the amino acid sequence of the protei
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whether and how this substrate preference may beBajpai, P., P. Bajpai and O. Ward, 1992. Optimisanf
regulated by other nutritional or environmental culture conditions for production of
conditions is, so far, not clear. The molecular hagism eicosapentaenoic acid byortierella elongate
of low temperature induced expression of fatty acid NRRL 5513. J. Ind. Microbiol., 9: 11-17. DOI:
desaturase in bacteria has been investigated, wbe t 10.1007/BF01576363

component system for the sensing of the low tentpe¥a  candela, C.G., L.M.B. Lopez and V.L. Kohen, 2011.
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