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Characterization of membrane-bound fatty acid desaturases
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Abstract. Membrane-bound desaturases play key role in metabolism of polyunsaturated fatty acids. 
Characterization of these enzymes and their genes is the first step in basic understanding of their
proper functioning in living cells as well as in tailor-made preparation of highly-specific and highly-
productive strains of microorganisms interesting for applied biotechnology. It is also the crucial step 
in creation of transgenic agricultural crops with enhanced content of individual polyunsaturated fatty 
acids. Properties and applications of identified membrane-bound desaturases genes and enzymes
are discussed in this review. 
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Introduction

Polyunsaturated fatty acids (PUFAs) play important roles 
as structural components of membrane phospholipids and 
precursors of eicosanoids of signalling molecules, includ-
ing prostaglandins, thromboxanes and leukotriens (Spec-
tor 1999; Jump 2002). They are important in both medical
and pharmaceutical fields, being involved in the human
inflammatory response, reproductive functions, immune
response, blood pressure regulation, cholesterol metabolism, 
and infant retinal and brain development (Horrobin 1992; 
Benatti et al. 2004). 

Edible oils for human consumption are predominantly 
comprised of six common fatty acids: palmitic, palmitoleic, 
stearic, oleic, linoleic (LA) and α-linolenic acid (ALA) (Qiu 
and Meesapyodsuk 2009). Human body is able to convert fatty 

acid precursors from these substrates to both PUFA ω-6 and 
ω-3 classes such as γ-linolenic acid (GLA), dihommo-γ-lino-
lenic acid (DGLA), arachidonic acid (ARA), eicosapentaenoic 
acid (EPA) and docosahexaenoic acid (DHA). However, the 
affectivities of these conversions are very poor especially for
ω-3 PUFAs. Certain fish oils can be rich source of PUFAs
although processed marine oils are generally undesirable as 
food ingredients because of the associated objectionable fla-
vours and contaminants that are difficult and cost- prohibitive
to remove (Damude and Kinney 2007). PUFAs are currently 
produced from fish or cultivated microorganisms, but their
high production cost and diminishing feedstock limit their 
supply and usage (Chen et al. 2006). To obtain a more suitable 
source of large-scale production of PUFAs, the study of PUFA’s 
biosynthetic pathway and its subsequent genetic manipulation 
is challenging alternative.

Therefore, the main purposes of desaturases studies can
be summarized as follows:
• preparation of highly specific oleaginous microorganisms

that are suitable for fermentation production
• obtaining special plants with desired composition  

of PUFA. 
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Biosynthesis of PUFA

Biosynthesis of PUFA is associated with both membrane-
bound desaturase and elongation enzymes. Figure 1 represents 
the aerobic biosynthetic pathway of PUFAs. The first double
bond is introduced into Δ9-position of saturated fatty acid, 
thus palmitoleic (C 16:1, n-7) and oleic (C 18:1, n-9) are the 
most common monoens in organisms. Oleic acid is then, 
in general, transformed by Δ12-desaturase to yield linoleic 
acid (LA; C 18:2, n-6), which may be further converted by 
Δ15 (ω-3)-desaturase to α-linolenic acid (ALA; C 18:3, n-3). 
Thus, these fatty acids are the basic precursors of n-6 and n-3
fatty acid cascades. Next step is desaturation of these fatty 
acids by Δ6-desaturase. LA in n-6 pathway is converted to 
γ-linolenic acid (GLA, C 18:3, n-6) and ALA in n-3 pathway 
is converted into stearidonic acid (SDA; C 18:4, n-3). GLA 
and SDA are subsequently elongated in C20 fatty acid. GLA 
is elongated into dihommo-γ-linolenic acid (DGLA, C 20:3, 
n-6) and SDA into eicosatetraenoic acid (ETA, C 20:4, n-3). 
There occurs another desaturation step using Δ5-desaturase.

In n-6 arachidonic acid (ARA, C 20:4, n-6) is synthesized and 
in n-3 pathway EPA (C 20:5, n-3) is synthesized. These two
fatty acids go under elongation step to create C22 fatty acids 
with corresponding number of double bonds. Last step is 
catalyzed by Δ4-desaturase and docosapentaenoic acid (DPA; 
C 22:5, n-6) and docosahexaenoic acid (DHA, C 22:6, n-3) are 
produced. Each fatty acid desaturase introduces a double bond 
at the specific position of acyl chain (Los and Murata 1998).
The Δ9-desaturase is the only universally spread desaturase
being present in all living beings groups. The remaining
desaturases are missing in some of the evolutionary lineages 
(Alonso 2003). These enzymes are spread into various types
of organisms and only the certain groups of them contain 
each of them. The Δ12- and Δ15-desaturase occurs only in
marine bacteria and algae, cyanobacteria, zygomycetes fungi 
and higher plants. This distribution made LA and ALA ‘es-
sential fatty acids’ for animal and Δ9-desaturase essential 
for life (Alonso et al. 2003). The Δ6- and Δ5-desaturases are
present only in marine bacteria and algae, zygomycetes fungi 
and animals. The Δ4-desaturase was identified only in marine
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Figure 1. Aerobic biosynthetic pathway of PUFAs. FAS, fatty acid synthase system; SA, stearic acid; OA, oleic acid; LA, linoleic acid; 
ALA, alpha linolenic acid; GLA, gamma linolenic acid; SDA, stearidonic acid; DGLA, dihommo-gamma linolenic acid; ETA, eicosa-
tetraenoic acid; ARA, arachidonic acid; EPA, eicosapentaenoic acid; DPA, docosapentaenoic acid (n-6 & n-3); DHA, docosahexaenoic 
acid; E, elongase; ΔX, desaturation enzyme (the number express the carbon position in acyl chain where desaturation occurs). For 
more detailed description of pathway, see the text.
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protists, algae and thraustochytrids such as Thraustochytrium
sp. (Qiu et al. 2001), Thalassiosira (Tonon et al. 2005). Mam-
mals use for last step “Sprecher pathway” instead of direct 
desaturation of C 22:5, n-3 to DHA. Sprecher pathway has 
three distinct step – first is elongation to 24:5, n-3 followed
by desaturation with Δ6-desaturase and then one β-oxidation 
step to DHA. In the late 90’s the alternative Δ8-pathway has 
been discover in some protists and algae species e.g. Euglena 
(Wallis and Browse 1999) or Isochrysis (Qi et al. 2002). This
pathway involved the Δ9-elongation step of LA or ALA as 
first one followed by Δ8-desaturation to yield DGLA (in n-6
cascade) or ETA (in n-3 cascade). 

PUFA are synthesised through both anaerobic and aerobic 
pathway. The desaturation system of the aerobic pathway
is composed of three proteins: NAD(P)H-cytochrome b5 
reductase, cytochrome b5 and the terminal cyanide-sensi-
tive desaturase (Figure 2) (Certik and Shimizu 1999). The
exception could be found in organisms from prokaryota 
group since they contain ferredoxin instead of cytochrome 
b5. The desaturation takes place in the endoplasmatic re-
ticulum where fatty acid bound to phospholipids (especially 
phosphatidylcholine) are desaturated rather than thiol CoA 
ester (Pereira et al. 2003). Membrane-bound desaturases in-
troduce double bond into fatty acids that are either esterified
as acyl CoA or bound to the glycerol moiety of glycerolipids 
(Los and Murata 1998). 

Anaerobic biosynthetic pathway of PUFA is carried out 
by specialized polyketide synthase (PKS) sometimes called 
FAS II system (fatty acid synthase II). FAS II is a complex 
of four discrete enzymes each with activities equivalent 
to FAS I system that is common in every cell. FAS I start 
with condensation of acetyl-CoA with malonyl-ACP by the 
beta-ketoacyl-ACP synthase (KS). This is followed by the
reduction of the beta-ketoester by a NADPH-dependent 
beta-ketoacyl-ACP reductase, the removal of water by the 
beta-hydroxyacyl-ACP dehydrase to produce trans-2 enoyl-
ACP and another reduction by the enoyl-ACP reductase to 
form a saturated acyl-ACP that in turn can initiate another 
cycle of condensation with malonyl-ACP, reductions and 
dehydration. The process continues up to the synthesis of
C 16-18 saturated acyl-ACPs. The shunt is produced by the
action of a specific b-hydroxyacyl-ACP dehydrase that, in

addition, has a trans-2-cis-3 isomerase activity on trans-2-
decenoyl-ACP that results in formation of cis-3-decenoyl-
ACP. Repetion of these steps results in synthesis of PUFA 
such as DHA. This pathway can be found in marine bacteria
such as Shewanella or Photobacterium, and thraustochytrids 
such as Szichochytrium (Uttaro 2006). This strain is also an
example of organisms that has possibility to synthesise PU-
FAs by anaerobic together with aerobic pathways. 

Fatty acid desaturases

Membrane-bound desaturase have three conserved 
separated histidine (His) boxes and four transmembrane 
domains. His residues are assumed to be ligands for iron 
ions that are essential for catalytic place of desaturase. 
From topological point of view, each desaturase crosses 
the membrane four times in two hydrophobic domains 
and all three His boxes are on membrane of endoplasmatic 
reticulum towards cytosol (Stuckey et al. 1990; Shanklin 
and Cahoon 1998). This corresponds to suppose that His

Figure 2. Desaturation system of aerobic biosynthesis of PUFAs 
(according to Certik and Shimizu 1999).

Table 1. Comparison of certain type of fatty acid desaturases 

Desaturase Cytochrome b5 domain 1st His-box 2nd His-box 3rd His-box
Δ4 N-terminal HXXXH HXXXHH QXXHH
Δ5 N-terminal HXXXH HXX(X)HH QXXHH
Δ6 N-terminal HXXXH HXXHH QXXHH
Δ9 C-terminal HXXXXH HXXHH HXXHH
Δ12 does not contains HXXXH HXXHH HXXHH
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boxes are the catalytic places for desaturation. Sperling et 
al. (2003) published review that identifies two groups of
desaturases that differ in number of amino acids between
1st and 3rd His box. Experimental data obtain for acyl-lipid 
desaturase from Bacillus subtilis shown that this desaturase 
contains another hydrophobic domain (Diaz et al. 2002). 
On the other hand, data concerning topology of mouse 
stearoyl-coA desaturase shows that this enzyme contains 
only two hydrophobic regions (Man et al. 2006). Author 
suggested that the topology of each desaturase is depend-
ent on form of the substrate - if the fatty acid is bound in 
phospholipids or if it is soluble as fatty acyl-CoA. 

The cytochrome b5 domain is an essential part of func-
tional desaturase protein. The sequence that represents
this domain is HPGG. It serves as a donor of electrons for 
introduction the double bond in to the fatty acid chain. 

Any disruption of this domain results in inactivation of 
desaturase (Sayanova et al. 1997). Depends on certain type 
of desaturase, it appears on either N-terminal or C-terminal 
end of desaturase. The reason of deletion of this domain in
Δ12-desaturase is still unknown. 

The His boxes are specific for each type of desaturase
and their usual motifs are: H(X)3-4H, H(X)2-3HH and H/
Q(X)2HH (Table 1). The 3rd His box of Δ4-, Δ5- and Δ6-de-
saturase rather contains glutamine then His. The 1st His box 
of Δ9-desaturase contains four amino acid residues between 
histidines rather than two. The 2nd His box of Δ4-desaturase 
contains three amino acids residues between histidines even 
the other proteins contains two amino acids. The 2nd His box 
of Δ5-desaturase contains typically two amino acid residues 
between His residues, but in some organisms is possible 
to found three amino acids residues between His residues. 

MTVGF - - - - - - - - - - - - - - - - - - - DE T V TM DTVRNHNMPD DAWCA I HGT - - - - - - - - - - - - - - - - VYD I T KF SKVHPGG -
MTVGG - - - - - - - - - - - - - - - - - - - DEVYSM AQVRDHNTPD DAWCA I HGE - - - - - - - - - - - - - - - - VYE L T KFARTHPGG -
MGNGNLPAS T AQLKS TSKPQ QQHEHRT I SK SE LAQHNTPK SAWCAVHSTP ATDPSHSNNK QHAHLV LD I T DFASRHPGG -
MPPSAAKDAG GAAELRAAEL ASY TRKAVT - - ERSDL T I VG DA - - - - - - - - - - - - - - - - - - - - - - - VYDAK AFREEHPGGA
MCNAA - - - - - - - - - - - - - - - - - - - - - QVE T QALRAKEAAK PTWTK I HGR - - - - - - - - - - - - - - - - T VDVE T FR - - HPGG -

D I I MLAAGKE AT I L F E T YH - - - - - - - - - I K GVPDAVLRKY KVGKLPQGKK GETSHMPTGL DSASYYSW - D SE FYRV LRER
D I I L LAAGKE AT I L F E T YH - - - - - - - - - VR P I SDAV LRKY R I GKLAAAGK DEPAN - - - - - DS - T YYSW - D SDFYKV LRQR
DL I L LASGKD ASV L FE TYH - - - - - - - - - PR GVP TS L I QKL Q I GVMEEEAF RD - - - - - - - - - - - S F YSWTD SDFY TV LKRR
HFVS L FGGRD ATEAFMEYH - - - - - - - - - RR AWPKARMSKF FVGSLAPSEK P - - - - - - - - - - - - - - - TQVD EGYLRLCAE -
N I LDL F LGMD AT TAFE T FHG HHKGAWKMLK T LPEKEVAAA D I PAQKEEHV AE - - - - - - - - - - - - - - - - - - - - - - - - - MTR

VAKKLAEPGL MQRARMELWA KA I F L LAGFW GSLYAMCV - - - LDPHGGAMV AAVT LGVFAA FVGTC I QHDG SH - - - GAFSK
VVARLEERK I ARRGGPE I W I KAA I L VSGFW SMLY LMCT - - - LDPNRGA I L AA I ALG I VAA FVGTC I QHDG NH - - - GAFAF
VVERLEERGL DRRGSKE I W I KAL F L L VGFW YCLYKMYT TS D I DQYG I A I A YS I GMGT FAA F I GTC I QHDG NH - - - GAFAQ
- VNGL LPKGS GGFAPASYWL KAAAL I VA - - - - - - AL T L EG YML LRGKT L F L SV L LGLV FA W I GLN I QHDA NH - - - GALSR
LMASWRERGL FKPRPVASS I YGLCV I - - - - - - - FA I AASV ACAPYA - PV L AG I AVGTCWA QCGF - LQHMG GHREWGRTWS

SRFMNKAAGW T LDM I GASAM TWEMQHVLGH HPY TNL I EME NGLAKVKGAD VDPKKVDQES DPDVFS TYPM LRLHPWHRQR
SP FMNKLSGW T LDM I GASAM TWEMQHVLGH HPY TNL I EME NGTQKVTHAD VDPKKADQES DPDVFS TYPM LRLHPWHRKR
NKL LNKLAGW T LDM I GASAF TWELQHMLGH HPY TNV LDGV EEERKERGED VALEEKDQES DPDVFSS FP L MRMHPHHT TS
YPAVNYCLGY MQDW I GGNMV LWLQEHVVMH HLHTN - - - - - - - - - - - - - - - - - - - - - DVDH DPDQ - KAHGA LRLKP TDSWL
FAFQHL FEGL LK - - - GGSAS WWRNRHN - KH HAKTNV LG - - - - - - - - - - - - - - - EDGDLRT TP - F FAWDPT LAKKVPDWSL

FYHKFQHLY - - - AP L I FGFM T I NKV I SQDV GVV LRKR - - - - - L FQ I DANC RYGSPWNVAR FW I MKL L T T L YMVALPMYMQ
FYHRFQHLY - - - AP L L FGFM T I NKV I TQDV GVV LSKR - - - - - L FQ I DANC RYASKSYVAR FW I MKL L TV L YMVALPVY TQ
WYHKYQHLY - - - APP L FALM T LAKVFQQDF EVATSGR - - - - - L YH I DANV RYGSVWNVMR FWAMKV I TMG YMMGLP I Y FH
PWHSLQQVY I L PGEAMYAF - - - - KL L S LDA LE L LAWRWEG EP I SQLAAPL YAPAVVCKLA FWAR - - - - - - - F VALP LWLQ
RTQAF T F L PA LGAYV FV FAF TVRK - - - - - - - - - - - - - - - - - - - YSVVKRL WHEVALMVAH Y - - - - - - - AL F SWALSAAGA

GPAQGLKL F F MAHF TCGEV L ATMF I VNH I - I EGVSYASKD AVKGV - - - - - - - MAPPRTVH GVTPMQVTQK ALSAAES T - -
GL VDGLKL F F I AHFSCGEL L ATMF I VNH I - I EGVSYASKD SVKGT - - - - - - - MAPPRTVH GVTPMHDTRD ALGKEKAA - -
GV LRGVGL FV I GHLACGEL L ATMF I VNHV - I EGVSYGTKD LVGGASHGDE KK I VKP T TV L GDTPMEKTRE EALKSNSNNN
PS LHTAAC I C ATVCTGSFY L AF F F F I SHN - FDGVA - - - - - - - - - - - - - - - - - - - - - - - - - SVGP - - - - QG S LSRSAT - - -
S L SSGL T F YC TGYAWQG I Y L GF F FGLSHFA VERV - - - - - - - - - - - - - - - - - - - - - - - - - - - - - PS TAT - - - - - - - - - - - -

- - KSDADKT T M I P LNDWAAV QCQTSVNWAV GSWFWNHFSG GLNHQ I EHHC FPQNPHTVNV Y I SG I VKE TC EEYGVPYQAE
- - - - - - - - TK HVP LNDWAAV QCQTSVNWS I GSWFWNHFSG GLNHQ I EHHL FPGL THT TYV Y I QDVVQATC AEYGVPYQSE
KKKGEKNSVP SVP FNDWAAV QCQTSVNWSP GSWFWNHFSG GLSHQ I EHHL FPS I CHTNYC H I QDVVES TC AEYGVPYQSE
- - - - - - - - - - - - - - - - F TQR QVE TSSNVG - GKWL - AHLNG GLNYQ I EHHL FPRLHHSYYA T I AP L VRQR I EAMGYKYSHF
- - - - - - - - - - - - - - - - WLES TMMGTVDWGG SSAFCGYLSG F LN I Q I EHHM APQMPMENLR Q I RADCKAAA HKFGLPYR - E

I S L F SAY FKM LSHLRT LGNE DL TAW - - - - - - S T * - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
QS L F SAY FKM LSHLRALGNE PMPSWEKDHP KSK * - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SNL F VAYGKM I SHLKF LGKA KC - - - - - - - - - - - E - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
P T I GSNLGAM MSHLGKMAAR PTSADKLARP SEKSSVECRL RLGAACARGS QASDAASL I S WLG
L T FVAATKLM MSGLYRTGKD EL - - - - - - - - - - - - KLRADR RKF TRAQAYM GAASALVDT L KAD

1

Figure 3. Alignment of amino acid sequences of Δ4-desaturase proteins (D4D) from following sources: Thraustochytrium spp., Schizo-
chytrium aggregatum, Thalassiosira pseudonana, Pavlova viridis and Isochrysis galbana. Cytochrome b5 domain and His box are framed, 
degree of sequences conservation rises from light grey up to black (black, total conservation; dark grey, high conservation; middle grey, 
partial conservation; light grey, low conservation). For more details see Table 1.
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These changes suggest that ‘front-end’ desaturases has one
common ancestor and through the evolution divide to three 
independent enzymes. 

Δ4-desaturase

Δ4-desaturase is enzyme that is responsible for biosynthe-
sis of docosapentaenoic acid (DPA C 22:5, ω-6) and DHA 

(C 22:6, ω-3). It was isolated from Thraustochytrium sp. (Qui 
et al. 2001; Zank et al. 2005), Schizochytrium aggregatum 
(Kinney et al. 2004), Isochrysis galbana (Pereira et al. 2004), 
Thalassiosira pseudonana (Tonon et al. 2005), Pavlova viridis 
(Xu et al. 2011). It has typical sign for ‘front-end’ desaturase 
– Q in 3rd His box instead of H, cytochrome b5 domain on 
N-terminal, but in 2nd His box contains one more amino 
acid residue (Fig. 3).

MGTD - - - - - - - - - QGKT F T - - - - - - WEALA AHNA - EGDL L LA I RGNVYDV TKF L SR - HPG GTDT L L LGAG RDVTPV F EMY
MGTD - - - - - - - - - QGKT F T - - - - - - WQEVA KHNT - AKSAW V I I RGEVYDV TEWADK - HPG GSEL I V LHSG RECTDT F YSY
MSV - - - - - - - - - - - - KT F S - - - - - - WEE I E KHNH - EGSAW LV I HGKVYDV TKF I PQ - HPG G - DM I L LGAG RHSTE L F I SH
MPPR - - - - - - - - - DSYSYAA PPSAQLHEVD TPQE - HDKKE LV I GDRAYDV TNFVKR - HPG G - K I I AYQVG TDATDAYKQF
M - - - - - - - - - - - - - - - - - - - - - - - - - - - V L REQE - HEP F F I K I DGKWCQ I DDAVLRSHPG GS - A I T T YKN MDAT T V FHT F
MAP - - DPVQT PDPASAQLRQ MRYF TWEEVA QRSGREKERW LV I DRKVYN I SDF SRR - HPG GSRV I SHYAG QDATDRFVAF
MAP - - DP LAA E - - TAAQGL T PRYF TWDEVA QRSGCE - ERW LV I DRKVYN I SE F TRR - HPG GSRV I SHYAG QDATDPFVAF
MGRGGENSDT T SPNPNTDSS QRYYSWEE I K KHNQKE - DRW LV I DRQVYN I TNWSQR - HPG GSKV I GHYAG QDATEAFRAF

HEFG - AAD - A I MKKYYVGT L VSN - E L P I F P EP - - T V F - - - - - - - - - - HKT I KTRVEGYFK DRNKDPKNRP E I -WGR - - YA
HP FSNRAD - K I LAKYK I GKL VGGYEFPV FK PD - - SGF - - - - - - - - - - YKE CSERVAEY FK TNNLDPK - - A AF - AGL - -WR
HPTKT I TNTK F L EKFY I GD - - - - - - - H I FA PDSQT T F - - - - - - - - - - YDE CRAEVEKYFK ENNL T PRDVP AM - Y LK - - T I
HVRSAKAD - K MLKSL - - - - - - - - PSRPVHK - - GYSPR - - - - - - - - - - RAD L I ADFQEF TK QLEAEGMFEP S L PHVA - - YR
HTGSKEA - YQ WL TE LKKECP TQEPE I PD I K DDP I KG I DDV NMGT FN I SEK RSAQ I NKS F T DLRMRVRAEG LMDGSPL F Y I
H I NKGLVE - K YMNSL L I GE L A - - PEQSS FE P - - - - - - - - - - - - - - - - - - T KNKAL TDE FR E LRATVERMG LMKANHL F F L
H I NKGLVK - K YMNSL L I GE L S - - PEQPS FE P - - - - - - - - - - - - - - - - - - T KNKE L TDE FR E LRATVERMG LMKANHVF F L
HNDLS F VR - K F LKP LH I GSS C - - SDE - - F P V - - - - - - - - - - - - - - - - - - T - - - EMSADFE E LRRMAEKMG L FKPSYCF F F

L I - - - - FGS L I ASYYAQL F - - VP F VVERTW LQVVFA I I MG FACAQVGLNP LHDASHFSV T HNPTVWK I LG - ATHDF FNGA
MV - - - - F V FA VAALAYMGM - - NE L I PGNVY AQYAWGVVFG VFQALP L LHV MHDSSHAACS SSPAMWQ I I G RGVMDWFAGA
LS LSVWF I L Y LAT F YY - - F - - NS I I - - - - - L S L L VA I VWG WSNAN I GMGM MHDANHGGYS DNPT I NR I VG L - CFD I LGGS
LAEV I AMHVA GAAL I WHGY - - T - - - - - - - - - - FAG I AMLG VVQGRCGW - L MHEGGHYSL T GN I AFDRA I Q VACYGLGCGM
RK I L E T I F T I L FAF Y LQYH - - T YY L PS - - - - - - - - A I LMG VAWQQLGW - L I HE FAHHQL F KNRYYNDLAS Y F VGNF LQGF
FY L LH I L L LD VAAWL T LW I F GTS L VP - - - - - F T LCAV L L S T VQAQAGW - L QHDFGHLSV F S T S TWNHLVH HFV I GHLKGA
LY L LH I L L LD GAAWL T LWVF GTS F L P - - - - - F L LCAV L L S AVQAQAGW - L QHDFGHLSV F S T SKWNHL LH HFV I GHLKGA
LNVGYVL I L E V FAY L T LKY L GTGWLP - - - - - Y F L SV L F YS I VQAQTGW - I QHDFGHLSV F KRSKFDHFWH YF TMGF I KGA

SY LVWMYQHM LGHHPYTN I A GADPDVS T - - - - - S - EPDVR - R I KPNQKWF VNH I NQHMFV P F - - L YGL LA FKVR I QD I N I
SMVSWLNQHV VGHH I Y TNVA GADPDLPV - - - - - DF ESDVR - R I VHRQVL L P I YKFQH I Y L PP - - L YGV LG LKFR I QDV F E
S F - TWKM I HS VGHHVNTNVE ERDPD I HT - - - - - N - EPHFR - K I KEGQKQH WWYSYQH I Y L P F - - L YCT L L F E LAFRDFAA
SGAWWRNQHN K - HHATPQKL QHDVDLDT L P L VAFHER I AA - KVKSPAMKA WLSMQAKL FA PV T T L L VALG WQLYL - - - - -
SSGGWKEQHN V - HHAATNVV GRDGDLDLVP F YATVAEHLN - NYSQDSWVM T L FRWQHVHW T FMLP F LRLS WL LQ - - - - - -
PASWWNHMHF Q - HHAKPNCF RKDPD I NMHP L F FALGKVLS VE LGKEKKKH MPYNHQHKYF F L I GPPAL L P L Y FQW - - - - -
PASWWNHMHF Q - HHAKPNCF RKDPD I NMHP F F FALGK I L S VE LGKQKKNY MPYNHQHKYF F L I GPPAL L P L Y FQW - - - - -
SPAWWSHMHY Q - HHAKPNVL DKDPD I R I DK - Y F V I GDTMS LEVAKKKKKS MPYNFQHRYF F V I GPP L L F P VY FQY - - - - -

L Y F VKTNDA I RVN - - P I S TW - - - - HT VMFW GGKAF FVWYR L I VP LQYLP L GKVL L - - L F T I ADMVSSYWL AL T FQANHVV
T F VS L TNGPV RVNPHPVSDW - - - - VQM I F - - AKAFWT FYR I Y I P L VWLK I T PS T FWGVF F LAE F T TGWYL AFNFQVSHVS
MM I GAWGG - V KFQPAPKNEY - - - - - - L L F V SSKMCWL TYS LAFP LMFSHH STATV FMLWT I AYMVASF I L V LMFQVNHVT
- - - - - - - - - - - - - - HPRHML - - - - RTKHYD ELAMLG I RYG LVGYLA - ANY GAGYVLACYL L YVQLGAMY I FCNFAVSHTH
- - - - - - - S I I F VSQMPTHYY DYYRNTA I YE QVGLS LHWAW SLGQLY F L PD WSTR I M - F F L VSHLVGGF L L SHVV T FNHYS
- - - - - - - - - - - - - - - - - Y I F Y F VVQRKKWV DLAWMLSFYV RVF F T YMPL L GLKGL LCL F F I VRF L ESNWF VWVTQMNH I P
- - - - - - - - - - - - - - - - - Y I F Y F V I QRKKWV DLAWM I T F YV RF F L T YVP L L GLKAF LGL F F I VRF L ESNWF VWVTQMNH I P
- - - - - - - - - - - - - - - - - AL L HYA I SRRAWA DLAWMAAF F I K I F Y L Y T P F L GFWGVLAYY F VVRCVESHWF TWVSQSNH I P

EEVQWPLPD - - - - E - NG I I Q KDWAAMQVET TQDYAHDSHL WTS I TGS LNY QAVHHL F PNV SQHHYPD I LA I I KDTCSEYK
TECEYPCGD - - - - APSAEVG DEWA I SQVKS SVDYAHGSPL AAF LCGALNY QVTHHLYPG I SQYHYPA I AP I I I DVCKKYN
- - - - - P L TDT YHVENDGMVH ADWGVTQVSG SSNFACRSWL WNH I SGGLCH QTEHHL F P T I CH I HYPQ I QP I VEKCAKKYN
LPVVEP - - - - - - - - - - - NEH ATWVEYAANH T TNCS - PSWW CDWWMSYLNY Q I EHHLYPSM PQFRHPK I AP RVKQL FEKHG
VE - - - - - - - - - KFAL SSN I M SNYACLQ I MT TRNMR - PGRF I DWLWGGLNY Q I EHHL F P TM PRHNLNTVMP LVKE FAAANG
MH I DH - - - - - - - - - - - - DRN VDWVSTQLQA TCNV - HQSAF NNWFSGHLNF Q I EHHL L P TM PRHNYHKVAP LVQSLCAKYG
MH I DH - - - - - - - - - - - - DRN MDWVSTQLQA TCNV - HKSAF NDWFSGHLNF Q I EHHL F P TM PRHNYHKVAP LVQSLCAKHG
MDVEH - - - - - - - - - - - - DTA QPRLALQLHA TCD I - EKS F F NDWF TGHLNF Q I EHHL F P TM PRHNLYK I AP YVKS LCEKHG

VPY LVKDT FW QAFAS - - HL E HLRV LGL - - - RPKE - - - E -
I KY T V L P T F T EAL LA - - HFK HLKNMGEL - G KPVE I HMG -
I RYNAYPS FW DAVVG - - HF T L LKEMGAQ - G KKVTGWKDL
LHYDVRGYF - EAMAD - - T FA NLDNVAHA - P EKKM - - - - Q
L PYMVDDYF T GFWLE I EQFR N I ANVAAK - L TKK I A - - - -
I KYESKP L L - TAFAD I VY - - S LKESGQLWL DAY - LHQ - -
I EYQSKPL L - SAFAD I I H - - S LKESGQLWL DAY - LHQ - -
I RYEVKP LG - KAFVDVVR - - T LKHSGE I WY AAYQAHHML
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Figure 4. Alignment of amino acid sequences of Δ5-desaturase proteins (D5D) from Mortierella alpina, Pythium irregulare, Naegleria 
gruberi, Pavlova salina, Caenorhabditis elegans, Rattus norvegicus, Homo sapiens, Octopus vulgaris. Cytochrome b5 domain and His box 
are framed, degree of sequences conservation rises from light grey up to black (black, total conservation; dark grey, high conservation; 
middle grey, partial conservation; light grey, low conservation). For more details see Table 1.
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Δ5-desaturase

Δ5-desaturase catalyzes the conversion of DGLA (C 20:3, 
ω-6) to ARA (C 20:4, ω-3) and the biosynthesis of EPA (C 20:5, 
ω-3). The genes for Δ5-desaturase have been isolated from
many organisms e.g. Caenorhabditis elegans (Michaelson 
et al. 1998), various strain of Mortierella alpina (Tavares et 

al. 2011), Rattus norvegicus (Zolfaghari et al. 2001), Pavlova 
saliva (Zhou et al. 2007), Naegleria gruberi (Fritz-Laylin et al. 
2010), Pythium irregulare (Hong et al. 2002a), Homo sapiens 
(Cho et al. 1999a), Octopus vulgaris (Monroig et al. 2011) etc. 
Figure 4 shows the alignment of these sequences. This type
of desaturase contains cytochrome b5 domain located on N-
terminal (typical motif HPGG). It contains three His box with 

MS - - - - - - - - T LDRQS I - - - F T I KE L ES I S QR I HDGDEEA MK - - F I I I DK KVYDV TE F I E DHPGGAQVL L THVGKDASDV
MS - - - - - - - - SDVGATVPHF Y TRAE LAD I H QDVLDKKPEA RK - - L I VVEN KVYD I TDFV F DHPGGERVL L TQEGRDATDV
MA - - - - - - - - AAPSVRT - - - F TRAE I LN - A EALNEGKKDA EAPF LM I I DN KVYDVREFVP DHPGGS - V I L THVGKDGTDV
MV - - - - - - - - DL - KPGVKRL VSWKE I - - - - - - - - - REHAT PATAW I V I HH KVYD I SKW - D SHPGGS - VML TQAGEDATDA
MA - - - - - - - - A - - - - Q I KKY I T SDE L - - - - - - - - - KNHDK PGDLW I S I QG KAYDVSDWVK DHPGGSFP LK S LAGQEVTDA
MGKGGNQGEG STE LQAPMPT FRWEE I - - - - - - - - - QKHNL RTDRWLV I DR KVYNV TKWSQ RHPGGHRV I G HYSGEDATDA
MGKGGNQGEG AAEREVSVP T FSWEE I - - - - - - - - - QKHNL RTDRWLV I DR KVYN I TKWS I QHPGGQRV I G HYAGEDATDA
MGGGGQL TEP GSGRAGGV - - Y TWEEV - - - - - - - - - QRHSS RSDQWLV I DR KVYN I TQWAT RHPGGLRV I S HYAGEDATEA

FHAMHPESAY - - EV LNNY FV GDVQETVV - - - T EKSS - - SA - - - - - - - - QF AVEMRQLRDQ LKKEGYFHSS KL FYAYK - - -
FHEMHPPSAY - - E L LANCYV GDCEPKLP I D S TDKKALNSA - - - - - - - - AF AQE I RDLRDK LEKQGYFDAS TGFY I YK - - -
FDT FHPEAAW - - E T LANFYV GD I DES - - - - - - - DRA I KND - - - - - - - - DF AAEVRKLRT L FQS LGYYDSS KAYYAFK - - -
FAV FHPSSAL - - KL L EQFYV GDVDETSKAE I EGEPASDEE RARRER I NE F I ASYRRLRVK VKGMGLYDAS ALYYAWK - - -
F VAFHPAS TW - - KNLDKF F T G - - - - - - - - - - - - - - - - - - Y Y LKDYSVSEV SKDYRKLV FE FSKMGLYD - K KGH I MFAT LC
FRAFHLDLDF VGKF LKP L L I GE LAPEEPS L DRGKSS - - - - - - - - - - - - Q I T EDFRALKKT AEDMNL FKTN HL F F F - - - - -
FRAFHPDLE F VGKF LKP L L I GE LAPEEPSQ DHGKNS - - - - - - - - - - - - K I T EDFRALRKT AEDMNL FKTN HVF F L - - - - -
FAAFHPDP T F VQKF LKP LQ I GE LAASEPSQ DRNKNA - - - - - - - - - - - - A I I QDFHALRAQ AESEGL FQTQ PL F FC - - - - -

- V L S T LA I C I AGLS - - L L YA YGRTS T LAVV ASA I T VG I FW QQCGWLAHDF GHHQCFEDRT WNDVLVV F LG NFCQGFS LSW
- VS T T L L VC I VGLA - - I LKA WGREST LAV F I AAS LVGL FW QQCGWLAHDY AHYQV I KDPN VNNL F LV T FG NLVQGFS LSW
- VS FNL - - C I WGLS T F I VAK WGQTS T LANV LSAAL LGL FW QQCGWLAHDF LHHQVFQDRF WGDL FGAF LG GVCQGFSSSW
- L VS T FG I AV L SMA I CF F F - - - - NS FAMYM VAGV I MGL FY QQSGWLAHDF LHNQVCENRT LGNL I GCLVG NAWQGFSVQW
F I AML FAMSV YGVL FC - - - - - - - EGV LVHL FSGCLMGF LW I QSGW I GHDA GHYMVVSDSR LNKFMG I FAA NCLSG I S I GW
- L L L SH I I VM ES I AWF I L SY FG - NGW I P T V I TAF V LATSQ AQAGWLQHDY GHLSVYKKS I WNH I VHKFV I GHLKGASANW
- L L LAH I I AL ES I AWF TV FY FG - NGW I P T L I TAF V LATSQ AQAGWLQHDY GHLSVYRKPK WNHLVHKFV I GHLKGASANW
- LHLGH I V L L EALAWLM I WH WG - TNW I L T L LCAVMLATAQ SQAGWLQHDF GHLSV FKKSS WNHL LHKFA I GHLKGASANW

WKNKHNTHHA STNVHGQ - - - - - - - DPD I DT APV L LWD - - - - - EYASAAYY AS LDQEP T - - MVSRF LAEQV LPHQTRY F F F
WKNKHNTHHA STNVSGE - - - - - - - DPD I DT AP I L LWD - - - - - E FAVANFY GSLKDNAS - - GFDRF I AEH I L PYQTRYY F F
WKDKHNTHHA APNVHGE - - - - - - - DPD I DT HP L L TWS - - - - - EHALEMFS DVPDEE L T - R MWSRFM - - - V L - NQTWFYFP
WKNKHNLHHA VPNLHSAKDE GF I GDPD I DT MPL LAWSK - - - - EMARKAFE SA - - - - - - - - - HGP F F - - - - I RNQAF LY FP
WKWNHNAHH I ACN - - - - - - - S L EYDPDLQY I P F L VVSS - - - - KF FGS L TS HFYEKRL T FD S LSRF F - - - - VSYQHWT FYP
WNHRHFQHHA KPN I - - - - - - - FHKDPD I KS LHV FV LGEWQ PLEYGKKKLK Y LP - - - - - - - - - - - - - - - - - YNHQHEY F F L
WNHRHFQHHA KPN I - - - - - - - FHKDPDVNM LHVFV LGEWQ P I EYGKKKLK Y LP - - - - - - - - - - - - - - - - - YNHQHEY F F L
WNHRHFQHHA KPN I - - - - - - - FRKDPDVNM LS I F VVGATQ PVEYG I KK I K HMP - - - - - - - - - - - - - - - - - YHRQHQYF F L

I - - LAFARLS WALQSLSYS F KKES I NKSR - - - - QLNL F ER VC I VGHWAL F AFC I YSWCSN VYHMVL F F L V SQAT TGYT LA
I - - LGFARTS WA I QS I I YS F KNE T LNKSK - - - - L L SWCER I F L I VHWVF F TYCT I AW I SS I RN I AMF FVV SQ I T TGY L LA
I - - L S FARLS WCLQS I MFV L PNGQAHKPSG ARVP I S L VEQ LS LAMHWTWY LATMF L F I KD PVNM I VY F L V SQAVCGNL LA
L - - L L LARLS WLAQSF FYV F T E FS FG - - I F DKVE FDGPEK AGL I VHY I WQ LA I PY FCNMS L FEGVAYF LM GQASCGL L LA
I - - MCAARLN MYVQSL I ML L TKRNVS - - - - - - - - YRAHE L LGCLV FS I WY P - L L VSCLPN WGER I MFV I A S L SV TG - MQQ
I GPP L L I PMY FQYQ I I MTM I RRR - - - - - - - - - - - - DWVDL AWA I SYYARF - F Y T Y I P F YG I LGALV F LNF I RF L ESHWFV
I GPP L L I PMY FQYQ I I MTM I VHK - - - - - - - - - - - - NWVDL AWAVSYY I RF - F I T Y I P F YG I LGAL L F LNF I RF L ESHWFV
VGPP L L I PV F FH I Q I MHTM I SRH - - - - - - - - - - - - DWVDL VWSMSYY LRY - FCCYVP LYG L FGSLAL I S F VRF LESHWFV

LV FALNHNGM PV I T EEKAES MEF FE I QV I T GRDVT LSP LG DWFMGGLNYQ I EHHV FPNMP RHNLP TVKPM VKSLCQKYD I
I V FAMNHNGM PVYSPEEANH TE FYE LQC I T GRDVNCTV FG DWLMGGLNYQ I EHHL FPEMP RHHLSKVKSM VKP I AQKYN I
I V F S LNHNGM PV I SKEEAVD MDF F TKQ I I T GRDVHPGL FA NWF TGGLNYQ I EHHL FPSMP RHNFSK I QPA VE T LCKKYGV
LV FS I GHNGM SVYERE - - TK PDFWQLQVT T TRN I RASV FM DWF TGGLNYQ I DHHL FP LVP RHNLPKVNVL I KS LCKE FD I
VQFS LNHFSS SVYVGKPKGN - NWFEKQTDG T LD I SCPPWM DWFHGGLQFQ I EHHL FPKMP RCNLRK I SPY V I E LCKKHNL
WVTQMNH I VM E I - - - DLDHY RDWFSSQLAA TCNVEQSF FN DWFSGHLNFQ I EHHL FP TMP RHNLHK I AP L VKS LCAKHG I
WVTQMNH I VM E I - - - DQEAY RDWFSSQL TA TCNVEQSF FN DWFSGHLNFQ I EHHL FP TMP RHNLHK I AP L VKS LCAKHG I
WVTQMNHLPM D I - - - DHEKH RDWL TMQLQA TCN I EQS F FN DWFSGHLNFQ I EHHL FP TMP RHNYHLVAPH VRALCEKYG I

NYHDTGF LKG T LEV LQT LD I T SKLS LQLSK KSF - - - - - - - - - - - -
PYHDT TV I GG T I EV LQT LDF VQK I SQKFSK KML - - - - - - - - - - - -
RYHT TGM I EG TAEV FSRLNE VSKAASKMGK AQ - - - - - - - - - - - - -
P FHE TGFWEG I YEVVDHLAD I SKE F I T E F P AM - - - - - - - - - - - - -
PYNYAS FSKA NEMT LRT LRN TALQARD I TK P LPKNLVWEA LHTHG
EYQEKPL LRA L LD I VSS LKK SGELWLDA - - - - - - - - - - - - - Y LHK
EYQEKPL LRA L LD I I RS LKK SGKLWLDA - - - - - - - - - - - - - Y LHK
PYQ I KTMWQG L TD I VRS LKN SGDLWLDA - - - - - - - - - - - - - Y LHK
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Figure 5. Alignment of amino acid sequences of Δ6-desaturase proteins (D6D) from Rhizopus nigricans, Mucor rouxii, Mortierella alpina, 
Pythium irregulare, Borago officinalis, Rattus norvegicus, Homo sapiens, Rachycentron canadum. Cytochrome b5 domain and His box 
are framed, degree of sequences conservation rises from light grey up to black (black, total conservation; dark grey, high conservation; 
middle grey, partial conservation; light grey, low conservation). For more details see Table 1.
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typical patterns. The alignment pointed out that genes from
multicellular organisms (Rattus, Homo, and Octopus) contain 
the short sequence right after the start codon. It suggests that
these are the signal sequences that direct the protein to the 
specific cell organ. Expression of Δ5-desaturase gene from M. 
alpina in transgenic canola led to production unusual fatty acid 
such as taxoleic (C 18:2- 5, 9) and pinoleic acid (C 18:3- 5, 9, 

12) that are products of conversion of oleic and linoleic acids 
with Δ5-desaturase (Knutzon et al. 1998). 

Δ6-desaturase

Δ6-desaturase catalyzes the conversion of LA to GLA 
(C 18:3, ω-6) and conversion of ALA (C 18:3, ω-3) to 

MVKN - - - - - - - - - - - - - - - - - - - - - VDQVD LSQVDT I ASG - - - - - - RDVN YKVKY TSGVK MSQGAYDDKG R - - - - - - - - -
MP T SGT T I E L I DDQFPKDDS ASSG I VDEVD L TEAN I LATG LNKKAPR I VN GFGSLMGSKE MVSVE FDKKG NEKKSNLDRL
MSN - I AT - - - - - - - - - - - - - - - - - - L T S TA RTKTESMKPP LPK - - - - - - - - - - - - - - - TK MPP - - - - - - - - - - - - - - - - -
MATP LPP - - - - - - - - - - - - - - - - - - S F VVP ATQTE TRRDP LQH - - - - - - - - - - - - - - - EE L PP - - - - - - - - - - - - - - - - -
MT FR - - - - - - - - - - - - - - - - - - - - SSQTVS - - - - - - - - - - - - - - - - - - - - - - - - - - T I I E QSPS LKHDD - - - - - - - - - - -
MPAH - - - - - - - - - - - - - - - - - - - - I LQE I S GSYSAT - - - - - - - - - - - - - - - - - - - - T T I T APPSGGQQNG GEKFEKNPHH
MAPN - - - - - - - - - - - - - - - - - - - - I TD - - - - - - - AN - - - - - - - - - - - - - - - - - - - - GV L F ESDAT TPD - - - - - - - - - - - -
MS - - - - - - - - - - - - - - - - - - - - - - V T S T VE ENHQKN - - - - - - - - - - - - - - - - - - - - - - - P S T PAAVEEKK KRRW - - - - - -

- - - - - - - - - - - - - - - H I SEQ P F TWANWHQH I NWLNF I L V I AL P L SS - - FA AAP FVS FNWK TAAFAVGYYM CTGLG I TAGY
LEKDNQEKEE AKTK I H I SEQ PWT LNNWHQH LNWLNMVLVC GMPM I GWYFA LSGKVP LHLN V F L F SV FYYA VGGVS I TAGY
- - - - - - - - - - - - - - - - L FDQ PV TSKNWTKF VNWPQA I L LC V TP L I AL YG I F T - - T E L TKK T L I WSW I YY F I TGLG I TAGY
- - - - - - - - - - - - - - - - L F PE K I T I YN I WRY LDYKHVVGLG L TP L I AL YGL L T - - T E I QTK T L I WS I I YYY ATGLG I TAGY
I GAD - - RNMT DD I LDT T Y TK KVDPKPP I K I V -WRNV I LMC L LH I GAFYG - L F F I PAAKP I T LAWATVCFM LSALGVTAGA
WGADVRPE I K DDLYDPSYQD EEGPPPKLEY V -WRN I I LMA L LH I GALYG - I T L VPSCKVY TCL FAY LYYV I SALG I TAGA
LGLP I QP - - - - - - - - - - - I Q QADNRPK - QF V -WRN I I L FA Y LH I AALYGG YL F L FHAKWQ TD I FAY I L YV MSGLG I TAGA
- - - - - - - - - - - - - - - - - - - - - V FWDRRWRR LDYVKFSAS F TVHS LAL LAP FY F TWSALWV T F L F - - - - Y T I GGLG I T VSY

HRMWAHRAYK AALPVR I I LA L FGGGAVEGS I RWWASSHRV HHRWTDSNKD PYDARKGFWF SHFGWML LVP NP - - KNK - GR
HRLWSHRSYS AHWPLRL FYA I FGCASVEGS AKWWGHSHR I HHRY TDT LRD PYDARRGLWY SHMGWML LKP NP - - KYK - AR
HRMWSHRAYR GTDL LRWFMS FAGAGAVEGS I YWWSRGHRA HHRWTDTDKD PYSAHRGF F F SHFGWMLVQ - RP - - KNR I GY
HRLWAHRAYN AGPAMSFV LA L LGAGAVEGS I KWWSRGHRA HHRWTDTEKD PYSAHRGL F F SH I GWML I K - RP - - GWK I GH
HRLWSHRSYK AKLP LR I F LA VVNSMAFQND I YEWARDHRV HHKFSE TDAD PHNATRGF F F SH I GWL L I RK HPDV I EKGKK
HRLWSHRTYK ARLP LRL F L I I ANTMAFQND VYEWARDHRA HHKFSE THAD PHNSRRGF F F SHVGWL LVRK HPAVKEKGGK
HRLWAHKSYK AKWPLRL I L V I FNT LAFQDS A I DWARDHRM HHKYSE TDAD PHNASRGF F F SH I GWL LVRK HPE LKRKGKG
HRNLAHRSFK VPKWLEY L LA YCAL LA I QGD P I DWVSTHRY HHQF TDSERD PHSPKEGFWF SHL LW I YDSA Y - L VSKCGRR

TD I SDLNNDW VVRLQHKYYV YV LV FMA I V L P T L - - VCGFG WGD -WKGGLV YAG I MRY T FV QQVT FCVNS L AHW I GEQPFD
AD I TDMTDDW T I RFQHRHY I L LML L TAFV I P T L - - I CGY F FND - YMGGL I YAGF I RV F V I QQAT FC I NSM AHY I GTQP FD
ADVADLKADH VVAFQHKYYP Y FALGMGF I F P T L - - VAGLG WGD - FRGGYF YAGVLRLCFV HHAT FCVNS L AHYLGES T FD
ADVDDLNKSK LVQWQHKNYL P LV L I MGVV F P T L - - VAGLG WGD -WRGGYF YAA I LRL V FV HHAT FCVNS L AHWLGDGPFD
LDLSDLKADK VVMFQRRNYK LS I L VMCF I L P T V - - I PWYF WNESFSVAFY VPCL LRYALV LNATWLVNSA AHMYGNQPYD
LDMSDLKAEK LVMFQRRYYK PGL L LMCF I L P T L - - VPWYC WGET FVNS LC VS T F LRYAVV LNATWLVNSA AHLYGYRPYD
LDLNDLYADP I LRFQKKYY L L LMP I ACF I L P T V - - I PVY F WSETWSNAF F VAAL FRY T F I LNV TWLVNSA AHKWGDKPYD
ANVEDLKRQW FYRF LQKTV L FH I LGLGF F L F Y LGGMSFV T WGMGVGAALE V - - - - - - - - - - HV TCL I NS L CH I WGTRTWK

DRRTPRDHAL TALV T FGEGY HNFHHEFPSD YRNA - L I WYQ YDPTKWL I WT LKQVGLAWDL QT FSQNA I EQ GLVQQRQKKL
DRRTPRDNW I TA I V T FGEGY HNFHHEFP TD YRNA - I KWYQ YDPTKV I I Y L T S L VGLAYDL KKFSQNA I EE AL I QQEQKK I
DHNTPRDSWV TALV TMGEGY HNFHHQFPQD YRNA - I KFGQ YDPTKWK I I V L SWFGLAYE L KQFP TNEV TK GRL FMEEKR I
DRHSPRDHF I TAF V T LGEGY HNFHHQFPQD YRNA - I RF YQ YDPTKWV I AL CAF FGLASHL KT FPENEVRK GQLQM I EKRV
KT I NPRENP L VA I GA I GEGF HNYHHT FP FD YSSSE FGL - K FN I T TGF I DL MCL LGLASNC KR - - - - - VSK E T I MARKMR -
KN I SSREN I L VSMGAVGEGF HNYHHAFPYD YSASEYRW - H I NF T T F F I DC MAL LGLAYDR KR - - - - - VSK AAVLAR I KR -
KS I KPSEN I S VSV FALGEGF HNYHHT FPWD YKTAE LGNNR LNF T TNF I NF FAKFGWAYDL KT - - - - - VSD E I VQNRVKR -
TNDTSRNVWW LSVFS FGESW HNNHHAFESS ARQG - L EWWQ I D I SWY I VRF F E I I GLATDV K - - - - - - - - - - - VP T EAQR -

DKWRNNLNWG I P I EQLPV I E F EE FQEQAK - - TRDLV L I SG I VHDVSAFVE HHPGGKAL I M SAVGKDGTAV FNGGVYRHSN
NKKKAK I NWG PVL TDLPMWD KQT F LAKSK - ENKGLV I I SG I VHDVSGY I S EHPGGET L I K TALGKDATKA FSGGVYRHSN
QAQKAKLSYG TP LKDLP I Y T WEEYQSLV LN DNKKWVL I EG V LYDVEE FMK EHPGGMKYLS TAVGKDMT TA FNGG I YNHSN
LEKKTKLQWG TP I ADLP I L S F EDYQHACKN DNKKW I L L EG VVYDVADFMS EHPGGEKY I K MGVGKDMTAA FNGGMYDHSN
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - TGDGSHR - - - - SG - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - TGEESCK - - - - SG - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - TGDGSHHLWG WGG - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

AGHNL LATMR VSV I RGGMEV EVWKTAQNEK KDQN I VSDES GNR I HRAGLQ ATRVENPGMS GMAA
AAQNVLADMR VAV I K - - - - - - - - - - - - - ES KNSA I RMASK RGE I YE - - - - - - - - - - - - - T GKF F
GTRNL L T S LR VGVLRNGMQV MT - - - - - - EA - DATAS LYDD SLE FDSKA - - - - - - - - - AL F NKSK
AARNL LS LMR VAVVEYGGEV EA - - - - - - QK KNPSMP I YGT D - - - - - - - - - - - - - - - - - - H AKAE
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - RR MA I VR - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1

Figure 6. Alignment of amino acid sequences of Δ9-desaturase proteins (D9D) from Yarrowia lipolytica, Saccharomyces cerevisiae, 
Amylomyces rouxii, Mortierella alpina, Xenopus laevis, Rattus norvegicus, Antheraea pernyi, Arabidopsis thaliana. Cytochrome b5 domain 
and His box are framed, degree of sequences conservation rises from light grey up to black (black, total conservation; dark grey, high 
conservation; middle grey, partial conservation; light grey, low conservation). For more details see Table 1.
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stearidonic acid (SDA, C 18:4, ω-3). Many genes coding this 
enzymes have been isolated and characterized e.g. Pythium 
irregulare (Hong et al. 2002b), Rhizopus nigricans (Lu et al. 
2009), Rachycentron canadum (Zheng et al. 2009), Mucor 
rouxii (Laoteng et al. 2005b), Borago officinalis (Sayanova 
et al. 1997), Mortierella alpina (Sakuradani et al. 1999a), 
Rattus norvegicus (Aki et. al 1999), Homo sapiens (Cho et 
al. 1999b) etc. The partial sequences form Thaminidium
elegans and various Mucor strains have been characterized 
in our laboratory (GenBank accession No. HM856138, 
HQ437169, HQ437170, HQ437171, HQ437172). The
alignment of these sequences is presented on Figure 5. 
Each desaturase has the cytochrome b5 domain present 
on N-terminal and three His boxes with common pattern 
– Q instead of H in 3rd His box, two amino acid residues 
between His residues in 2nd His box. The change of Q to
H in 3rd His box leads to complete loss of activity of pro-
tein (Sperling et al. 2003). Expression of Δ6-desaturase 
gene from Cunnighamela echinulata in yeast strain Pichia 
pastoris led to production of γ-linolenic acid with yield 
3% of total lipids and octadecadienoic acid (C 18:2, ω-9) 
in trace concentration. However, the most controversal 
changes were observed in other fatty acid that occurs natu-
rally in this yeast strain. The content of heptadecenoic acid
(C 17:1) increased 30 times, and the yield of α-linolenic acid 
(C 18:3, ω-3) was enhanced from 3 to 15% of total lipids. 
On the other hand, the striking decrease was observed in 
linoleic acid where its content dropped from 16 to 0.1% 
of total lipids (Xia et al. 2009). The expression of the very
same gene isolated from Thamnidium elegans in the same 
host led only to production of γ-linolenic acid and there 
were no significant changes in content of other fatty acids
(Wang et al. 2007). Expression of Δ6-desaturase gene from 
Mucor rouxii in the yeast Saccharomyces cerevisiae caused 
the desaturation of all available fatty acids without regard 
to chain length. This desaturase shows no substrate spe-
cificity (Na-Ranong et al. 2005). Zhou et al. (2006) carried
out the heterelogic expression of Δ6-desaturase gene from 
plant Echium plantagineum to tobacco and Arabidopsis 
that currently synthesize linoleic and α-linolenic acids. It 
is noteworthy that while the gene expression in Arabidopsis 
led to desaturation of both fatty acids, transformed tobacco 
preferentially transformed linoleic acid to GLA. These re-
sults indicate that the Δ6-desaturase specificity varies and
depends not only on the origin of the gene, but also on the 
host. The further studies on substrate specificity of Δ6-de-
saturase may bring more light to the genetically-mediated 
production of desired PUFAs. 

Δ9-desaturase

Δ9 is the only desaturase that is spread through all type of 
organisms. In the nature it widely catalyses the conversion 

of stearic acid (C 18:0) to oleic acid (C 18:1, ω-9) as well as 
palmitic acid (C 16:0) to palmitoleic acid (C 16:1, n-7). The
enzyme was probably the most important for maintenance 
of proper membrane fluidity of living organismsm during
the evolution. Wongwathanarat (1999) reported that the 
yeast Δ9-desaturase activity, compared with other fatty acid 
desaturases, was mostly involved to changing the membranes 
fluidity during temperature shift. Hsieh and Kou (2005)
support this hypothesis with experiment with two fishes
Ctenopharyngodon idella and Chanos chanos. Plenty of genes 
coding this enzyme have been isolated and characterized in 
other various organisms e.g. Mortierella alpina (Sakuradani 
et al. 1999b), Amylomyces rouxii (Laoteng et al. 2005a) Sac-
charomyces cerevisiae (Stuckey et al. 1990), Yarrowia lipolytica 
(Xue et al. 2009), Arabidopsis thaliana (Fukuchi-Mizutani et 
al. 1998), Rattus norvegicus (Baba et al. 1994), Xenopus laevis 
(Klein et al. 2002), Antheraea pernyi (Wang et al. 2010) etc. 
Figure 6 represents the alignment of these sequences where 
the cytochrome b5 domain is located at C-terminal end of 
protein. Genes from multicelluar organisms – arabidopsis, 
rat, oak and frog do not contain this domain. The reason of
the cytochrome b5 domain deletion from Δ9-desaturases is 
still unknown, but in a fact it was found only in the higher 
eukaryotes, whew diffusible cytochrome b5 of the endoplas-
mic reticulum serves as electron donor in these cases (Uttaro 
2006). Figure 7 also shows that the pattern of the His boxes 
corresponds to typical motif of Δ9-desaturase as follows: 
1st His box contains four amino acid residues between His 
residues and 3rd His box contains H instead of Q. Expression 
of the Δ9-desaturase commonly yielded to higher amounts 
oleic acid. Nevertheless, Kajiwara et al. (2000) interestingly 
reported that overexpression of Δ9-desaturase protein in 
Saccharomyces cerevisiae increased the ethanol fermenta-
tion. Also, heterological expression of Δ9-desaturase in the 
tomato enhanced its resistance against powdery mildew 
(Wang et al. 1998).

Δ12-desaturase

Δ12-desaturase is enzyme that is responsible for conversion 
of oleic acid to linoleic acid. This enzyme is not presented in
human or any animals and that makes linoleic acid essential 
for human health. It has been isolated from various type of 
organisms such as Mortierella alpina (Sakuradani et al. 1999c), 
Amylomyces rouxii (GenBank No. AF533361), Aspergillus flavus 
(GenBank No. AY280867), Chlorella vulgaris (Suga et al. 2002), 
Borago officinalis (GenBank No. AF074324), Helianthus annus 
(Martinez-Rivas et al. 2001), Caenorhabditis elegans (Peyou-Ndi 
et al. 2000), Trypanosoma brucei (Petrini et al. 2004) etc. The
motif of each His boxes does not display any exception from the 
typical pattern (Fig. 7). However, as it was mentioned above, the 
Δ12-desaturase does not contain the cytochrome b5 domain. 
The reason for deletion of the cytochrome b5 domain has not 
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been explained yet. Since the Δ12-desaturase is enzyme that 
needs to accept the electrons for proper function, microsomal 
cytochrome b5 might be involved to this process. 

Peyou-Ndi et al. (2000) heterologically expressed Δ12-
desaturase gene isolated from Caenorhabditis elegans into 
Saccharomyces cereviase. The transformed yeasts increased
(by 40%) conversion rate of palmitoleic and oleic acids to 
their consequent analogues with another double bond in cis-

12-position. It should be noted that this transformed strain 
showed higher resistance to ethanol and oxidative stress. 

Phylogenetic tree of fatty acid desaturases

The phylogenetic tree of chosen fatty acids desaturases
(Fig. 8) indicate following interesting fact:

MGG - - - GGRM P - - - - - - - - - - - - - - - - VP T KGKKSKSDVF QRVPSEK - - - - - - - - - - - - - - - - - - PP F T - - VGDLKKV I P
MGA - - - GGRM S - - - - - - - - - - - - - - - - SPN GKEKDGPKPL ERALHEK - - - - - - - - - - - - - - - - - - PP F T - - VGD I KKV I P
MAA - - - TRRA P - - - - - - - - - - - - - - - - SAE GWTR - - - - - - - QPVNTK - - - - - - - - - - - - - - - - - - PAF S - - VS T LRKA I P
MAT - - - KRNV T - - - - - - - - - - - - - - - - SNA PAAED I S I SN KAV I DEA I ER - - - - - - - - - - - NWE I PNF T - - I KE I RDA I P
MAP - - - PNT I D - - - - - - - - - - - - - - - - AGL TQRH I S T SAA P TSAKPAFER - - - - - - - - - - - NYQLPE F T - - I KE I REC I P
MLP - - - KQQM G - - - - - - - - - - - - - - - - GSV CNAS I E T VNT EATDPSEAKK I V LNAGRSEK VNVYVPPS T L MVRD I QEQ I P
MSS TA I PKRM ALNRNPGTDS SVPSVSVSP F DSPRHSPSS T S LSS LASESE NKGKMLDTYG NEFK I PDY T - - I KQ I RDA I P
M - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - T I AT KVNTNKK - - - - - - - - - - - DL DT I KVPE LP - SVAAVKAA I P

PHCFQRSV LH S FSYVVYDLV - I AAL F F Y - - - - - - - - TASR Y I HLQPHP LS Y - - - VAWPLY WFCQGSVL TG VWV I AHECGH
PHCFKRSV I R S F SYVVYDL T - I AS I F YY - - - - - - - - LANN Y I P L L PNS LA Y - - - VAWPVY W I FQGCVL TG VWV I AHECGH
AHCWQRSLPR SCAYLAADL L ALAALVW - - - - - - - - - - AS T F I DAAPVPAA VRWLALWPAY WYLAGAVATG I WV I AHECGH
AHCFRRDT FR S F THV LHD I I I MS I LA - - - - - - - - - - I GAS Y I DS I PNT - - YAR I ALWPLY W I AQG I VGTG VWV I GHECGH
AHCFERSGLR GLCHVA I DL T WASL L F - - - - - - - - - - LAAT Q I DKFENP - - L I RY LAWPAY W I MQG I VCTG I WVLAHECGH
AEY FQRSMWR SFSY LSRDMF QL F L T F V I MY NFV LPMLDSS L LNAVPPVAW LSRAAAWM I Y WFVQGLNGTA LWVLAHECGH
AHCYERKAL T S LYYV FRD I A MLGS I F Y - - - - - - - - - V FHN YV TPE TVPS F PARVALWSLY TVVQGL I ATG VWVLAHECGH
EHCFVKDPL T S I SY L I KDYV L LAGLY FA - - - - - - - - - - - - - VPY I EHY LG W I GL LGW - - Y W - AMG I VGSA L FCVGHDCGH

HAFSDYQWLD DTVGL L LHSA L LVPY FSWKY SHRRHHSNTG SLERDEV FVP KKRSG I SWSS E - - - - - - - - - - - - - - - - - - Y
HAFSDYQWLD DTVGL I LHSA L LVPY FSWKY SHRRHHSNTG S I EHDEV FVP KLKSSVRS TA K - - - - - - - - - - - - - - - - - - Y
QAFSDYQAVN DGVGLV LHS L L L VPYYSWKH SHRRHHSNTG NVVKDEV FVP P TREEVSDKW E - - - - - - - - - - - - - - - - - - L
QAFSPSKT I N NSVGYV LHTA L LVPYHSWRF SHSKHHKATG HMSKDQVFVP S TRKEYGLPP RE - - - - - - QD PEVDGPHDAL
QSFS TSKT LN NTVGW I LHSM L LVPYHSWR I SHSKHHKATG HMTKDQVFVP KTRSQVGLPP KENVAVAVQE EDMSVHLD - -
QAFCNSRRVN NAVGM I LHSA L LVPYHSWRL THGTHHKHTN HL TKDLV FVP VQRSAVG - - - - - - - - - - - - - - - - - - - - EAV
QAFSPSKV LN DTVGW I CHSA L LVPY FSWK I SHGKHHKATG N I ARDMVFVP KTREEYASR I GKT I HDL - - - - - - - - - NE LM
GSFSDYEWLN DLCGHLAHAP I LAP FWPWQK SHRQHHQYTS HVEKDKGHPW VTEEDYNNRT - - - - - - - - - - - - - - - - - - A I

LNNPPGRVLV L L VQL T LGW - - - - P L Y LMFN VSGRP - YDR - - - - - - - - - - - - FACH - - - FD PKSP I YNDRE RL - Q I Y I SDA
LNNPPGR I L T L L V T L TMGW - - - - P L Y LMFN VSGRY - YDR - - - - - - - - - - - - FACH - - - FD PNSP I YSNRE RA - Q I F I SDA
EQAWP I RL VK L F I T L T LGW - - - - P L Y LAFN VASRP - YEKS - - - - - - - - - - - WVNH - - - FD PWSP I F SKRE LV - EVAVSDA
DEVP L LSC - - - - I ACS FNL - - - - P LAGL F I SSPMS - L VK - - - - - - - - - - - - I T PVGL L I S T PSV LS T I EN QFWDVMSSTA
EEAP I V T L FW MV I QF L FGW - - - - PAY L I MN ASGQD - YGR - - - - - - - - - - - - WTSH - - - FH T YSP I F EPRN - F FD I I I SDL
EEAP I VMLWN MALMF L FGW - - - - PMHL LVN VGGQK - FDR - - - - - - - - - - - - F T SH - - - FD PNAP F FR - RA DYNNVMVSNM
EETP I AT V TN L I LQQL FGW - - - - PMY L L TN V TGHNNHERQ PEGRGKGKRN GYFGGVNHFN PSSP LYEAKD AKL - I V L SDL
EK - - - - - - - Y FAV I P I SGWL RWNP I Y T I VG LPD - - - - - - - - - - - - - - - - - - - - - - GSHFW PWSRL FE T T E DRVKCAVSGV

G I VAVMYGLY RLVAAKGVAW VVCYYGVP L L VVNGF LV L I T Y LQHTQPS LP HYDSSEWDWL KGALATVDRD YG - F LNKV LH
G I L T V F Y I L F RLAS TKGLVW VL TMYGGPL L VVNGF LV L I T F LQHTHPS LP HYDS TEWDWL RGALATVDRD YG - I LNKV FH
ALVAV LCGLR QLAASFGWAW LVKTWLVPY L VVNFWLVT I T MLQHSHPE LP HYGEDEWDWL RGAL T TVDRD YGWL LNS LHH
GVLGM I GF LA YCGQVLAL L L SSS TML FPY L NVNFWLVL I T Y LQHTDPKLP HYRENVWNFQ RGAAL TVDRS YGF L LDY FHH
GVLAALGT L I YASMQLS L L T V TKYY I VPY L F VNFWLVL I T F LQHTDPKLP HYREGAWNFQ RGALCTVDRS FGKF LDHMFH
GVL L T L S I LG ACSWSFGFAV VVRWYL I PY L WVNFWLVY I T YMQHSDVRLP HY THDHWTYV RGAVAAVDRD FGPL LNSWLH
GLA I TGSV LY Y I GS TYGWLN L LVWYG I PY L WVNHWLVA I T Y LQHTDP T LP HYQPEVWNFA RGAAAT I DRD FGFVGRH I LH
A - CA I CAY I A F V LCDYSVY T FVKYYY I P L L FQGL I L V I I T Y LQHQNED I E VYEADEWGFV RGQTQT I DRH WGFGLDN I MH

N I TDTHVAHH L F - S TMPHYH AMEAT - - - KA - I KP I LGDYY QCDR - - - - T P V FKAMYREVK EC I YVEADEG - - DNKKGVFW
N I TDTHV THH L F - S TMPHYH AMEAT - - - KA - I KP I LGDYY QFDG - - - - T S I FKAMYRETK EC I YVDKDE - - - DVKDGVYW
H I ADTHVAHH L F - SQMPHYH AQEAT - - - EA - LKPV LGDYY RSDS - - - - RP L LQA I WQDFG SCRYVAPDTP - - G - - DGV LW
H I SDTHVAHH F F - S TMPHYH AEEAT - - - V - H I KKALGKHY HCDN - - - - T P VP I ALWKVWK SCRFVEDEG - - - - - - - DVV F
G I VHTHVAHH L F - SQMPFYH AEEAT - - - H - HLKKL LGEYY VYDP - - - - SP I VVAVWRSFR ECRFVEDHG - - - - - - - DVV F
H I NDSHVVHH L F - SQMPHYN A I EV T - - - RK H I RD I LGDLY V TDA - - - - KP L LKS LVHTWR ECRYVVPSE - - - - - - - G I C I
G I I E THV LHH YV - S T I P F YH ADEAS - - - EA - I QKVMGSHY RTEAHTGWTG F FKAL F T SAR VCHWVEPTEG ARGESEGVL F
N I TNGHVAHH F F F TK I PHYH L LEATPA I KK ALEP LKDTQY GYKREVNYNW F FKY L - - - - - - - HYNV T LDY L THKAKGVLQ

YKN - - - - - - - - - - - KL
YRN - - - - - - - - - - - K I
FRK - - - - - - - - - - - - -
FKN - - - - - - - - - - - - -
FKK - - - - - - - - - - - - -
TRS - - - - - - - - - - - - -
YRNTNG I GVP PAKLSK
YRS - - GVEAA KAKKAQ

1

Figure 7. Alignment of amino acid sequences of Δ12-desaturase proteins (D12D) from Borago officinalis, Helianthus annuus, Chlorella
vulgaris, Amylomyces rouxii, Mortierella alpina, Trypanosoma brucei, Aspergillus flavus, Caenorhabditis elegans. His box are framed, degree 
of sequences conservation raises from light grey up to black (black, total conservation; dark grey, high conservation; middle grey, partial 
conservation; light grey, low conservation). For more details see Table 1.
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• The genes for membrane-bound desaturases can be
divided into three big groups – Δ9 desaturases, Δ12 
desaturases and “front-end” desaturases (Δ6, Δ5, Δ4 
desaturases).

• Δ9 desaturases creates their own groups relatively 
distanced from the others. It could be assumed that 
these enzymes were the ancestor of all desaturases 
enzymes.

• The “front-end” desaturases cannot be separated into
phylogenetic group based on the position specificity of
enzyme, but they create small groups that are relative to 
taxonomy.

• It could be observed that fungal Δ6 desaturases from 
Mucor rouxiii and Rhizomucor pissilus are more close 
to plant Δ6 desaturases from Borago and Echium that to 
other fungal desaturases.

Physiological consequences of PUFAs on cell membranes

PUFAs are distributed to every cell membranes where are 
predominately esterified into the sn-2 position of phosphati-
dylcholine and phosphatidylethanolamine. PUFA effects on
cell membrane functions have been noted and discussed 
widelyfrom the view of a) modifications of membrane flu-
idity, b) modifications of the activity of membrane bound
enzymes, c) modifications of the number and affinity of re-
ceptors, d) modifications of the function of ion channels, and
e) signal transduction (Yehuda et al. 2002; Hulbert et al. 2007; 
Abbott et al. 2012). Since the cell membranes are largely held 
together by van der Waals forces between fatty acyl chains, 
structural properties of these acyls (length and degree of 
unsaturation) play a key role in the membrane structure. The
degree of unsaturation is particulary important because van 

1

Figure 8. Phylogenetic tree of selected fatty acids desaturases. Phylogenetic tree was created by CLC Mainworkbech 5.1 (CLC Bio).
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der Waals forces are acutely sensitive to the distance between 
interacting acyl chains. For example, whereas stearic acid is 
estimated to be 0.25 nm in diameter, oleic acid has spatial 
width of 0.72 nm (Cook 1991). The cis-unsaturated bond
thus interrupts van der Waals forces between membrane 
fatty acids by increasing distance between them and lowers 
the membrane crystallization temperature. Therefore PUFA
incorporation into membrane phospholipids would have 
an effect on the formation and stability of the membrane
microdomains. As mentioned, the tight packing density of 
lipids in liquid ordered microdomains is conferred by favo-
rable van der Waals forces between saturated acyl chains to 
hydrogen bonding between various membrane-associated 
molecules. PUFAs do not pack well with these molecules 
(e.g. sterols) and therefore form a liquid disordered phase 
(Edidin 2003). Fatty acid composition in the membrane 
lipids would also cause a redistribution of protein between 
liquid ordered and liquid disordered the membrane micro-
domains (Wickner 1977) as well as modify membrane-as-
sociated enzyme activity (Wilschut et al. 1978) and molecular 
transport (Tsong et al. 1977). In addition, PUFA acyl chains 
can rapidly convert between various conformational states 
(Shaikh and Edidin 2006). High conformational flexibility
of both n-3 and n-6 PUFA acyl chains alters the physical 
properties of the membrane, including lateral organization, 
hydrophobic match, curvature stress, and the lateral pres-
sure density profile, which can modify protein function,
trafficking, vesicle budding, and fusion. Acyl chain flexibility
also differs between n-3 and n-6 PUFAs, which may have
functional consequences. This provides the strong evidence
that composition and changes of membrane fatty acids play 
important role in the modification of cell membrane physiol-
ogy (Watkins and German 2002). 

Conclusion

The desaturation is the key reaction in biosynthesis of
PUFAs. Characterization of genes and proteins of fatty 
acid desaturase enzymes is necessary step for their further 
applications. The field of possible usage is very wide includ-
ing medicine, agriculture and food/feed industry. From 
the technological point of view, one of the most important 
applications is preparation of transgene plants with usage 
in oil industry. In December 2009, first plant enriched
with gene for Δ6-desaturase was introduced to American 
market. SONOVA 400 is dicotyledon plant from clade 
Asteridae, Carthamus tinctorius (safflower), transformed
with gene for Δ6- desaturase coming from fungi Mortierella 
alpina (Watkins 2010). Other technological possibilities 
are connected with preparation of highly oleaginous and 
highly specific microbial strains that could use low-cost
agroindustrial wastes for effective conversion to either mi-

crobial oil with tailor-made PUFA composition or cereals 
enriched with PUFAs prepared by solid state fermentations. 
These are the possibilities of cost lowering that can help to
spread PUFAs in human dietary. All of these efforts may
demonstrate enormous potential for applications of fatty 
acid desaturases and thus create new perspectives market 
“bio-based” PUFA oils or products. 
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