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CONCLUSIONS

 Common octopus has a Δ5-desaturase that allows the synthesis of EPA and ARA from precursors, as

well as NMI FA typical from marine organisms.

 The Scd introduces a double bond inΔ9 position, but does not act on Δ5 monoenes.

 Common octopus has at least two elongases involved in the biosynthesis of PUFA: the Elovl5/2 can

elongate C18 and C20 PUFA, whereas the Elovl 4 produces very long chain PUFA (>C24).
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Fig. 1. Functional characterisation of the Δ5-desaturase of O.vulgaris. Transgenic yeast expressing the

coding region of the Δ5-desaturase, were cultured in the presence of potential substrates: 20:4n-3 (A),

20:3n-6 (B), 20:3n-3 (C) y 20:2n-6 (D). The main fatty acids of yeast are numbered 16:0 (1), 16:1n-7 (2),

18:0 (3), 18:1n-9 (4) y18:1n-7 (5). Besides, the peaks of added substrates (“*”), and the corresponding

desaturation products are indicated in panels A-D. The monoenes 16:1n-11 y 18:1n-13 in all panels,

indicate Δ5-desaturation products generated by the action of the enzyme over 16:0 and 18:0 from yeast

respectively. Y axis, detector response; X axis, retention time.

ELONGASASES

Aside from desaturases, elongases (elongase of very long-chain fatty acids, Elovl) are key

enzymes in essential fatty acids biosynthesis. Research carried out in O. vulgaris has allowed the

isolation of an elongase named Elovl5/2 for its homology to Elovl5 and Elovl2 of vertebrates,

two types of elongases involved in the biosynthesis of PUFA. The functional characterisation of

the octopus Elovl5/2 shows preference for the elongation of C18 substrates, with lower

elongation rates of C20 substrates, and nil for C22 (Fig. 2). Whereas this pattern is consistent

with that of an Elovl5 of vertebrates, a peculiarity of the octopine elongase is its preference

towards n-6 substrates in comparison to n-3. This could explain the presence of the substantial

amount of ARA found in the fatty acid profile of the octopus, and the presence, though in lower

amounts of C22 n-6 fatty acids typical of this species (Monroig et al., 2012b). Common octopus

has also a second elongase with homology with the Elovl4 from vertebrates. This elongase can

produce PUFA up to C34, from C20 and C22 precursors. Besides, the Elovl4 is involved in the

synthesis of saturated fatty acids longer than C24.

Table 1. Functional characterisation of the Scd of the common octopus. The fatty

acid profiles (% from total) of control yeast (non transgenic) are compared to those

of yeast expressing the Scd (Δ9). Values are means (n=4)

Fig. 2. Functional characterisation of the Elovl5/2 of O.vulgaris. Transgenic yeast expressing the

coding region of the Elovl5/2 were cultured in the presence of potential substrates: 18:3n-3,

18:2n-6, 18:4n-3, 18:3n-6 (A), 20:5n-3, 20:4n-6 (B). Other substrates like 22:5n-3 and 22:4n-6

were not elongated. Additionally to the main yeast fatty acids (16:0, 16:1n-7, 18:0, 18:1n-9 y

18:1n-7), the peaks of added substrates are indicated (“*”), as well as the corresponding

elongation products. Y axis, detector response; X axis, retention time.

Δ5-DESATURASE

Fatty acid desaturases (fatty acyl desaturase, Fad), are key enzymes involved in the biosynthesis

of PUFA. They mediate in the introduction of unsaturations (double bonds) in the hydrocarbon

chain. The results obtained with the octopus point to the existence of at least one Fad with Δ5-

desaturase activity, that allows the synthesis of essential PUFA like eicosapentaenoic acid (EPA,

20:5n-3), and arachidonic acid (ARA, 20:4n-6), from precursors, 20:4n-3 and 20:3n-6,

respectively (Fig. 1, A,B) (Monroig et al., 2012a). Besides, this enzyme seems to be involved in

the synthesis of fatty acids with non-methylene interrupted unsaturations (non-methylene

interrupted fatty acid, NMI FA) (Fig. 1 C,D), that are found in marine invertebrates including

molluscs (Barnathan, 2009).

INTRODUCTION

Common Octopus is an ideal candidate for the diversification of Mediterranean marine aquaculture. Nonetheless, its culture is severely hindered due to the massive mortalities that take place

during the paralarval stage. Polyunsaturated fatty acids (PUFA) are essential nutrients for paralarvae (Navarro and Villanueva, 2000), but the precise requirements for the species have not been

determined yet. Our objective is to identify essential fatty acids for the paralarval stages through the characterisation of the key enzymes involved in the PUFA endogenous synthesis. What

follows here is a brief account of the main results obtained up to date.

Δ9-DESATURASE

Another type of desaturases, stearoyl-CoA desaturases (Scd), are enzymes involved in the

biosynthesis of monounsaturated fatty acids, and also with a potential role in the production of

NMI FA. A gene codifying for a Scd has been cloned in the octopus. In agreement with the

function described for other organisms, the Scd of O. vulgaris shows Δ9-desaturase activity, and

mediates in the production of monoenes like oleic acid (18:1n-9) from 18:0 (Table 1). The

function of this enzyme in the production of Δ5, Δ9 NMI FA typical in molluscs has also been

studied. Our results point towards a biosynthetic pathway Δ9, Δ5, involving sequential SCD and

Δ5 unsaturations, and not on the contrary.

Fatty Acid Control Δ9

14:0 1.6 1.0

14:1n-5 0.5 0.7

16:0 25.9 22.2

16:1n-7 37.3 28.6

16:1n-5 0.2 0.5

18:0 8.5 4.4

18:1n-9 24.1 40.9

18:1n-7 1.1 1.1

20:0 0.1 0.1

20:1n-11 0.0 0.4

22:0 0.1 0.0

22:1n-13 0.0 0.1

24:0 0.1 0.0

COST FA1301 - CephsInAction


