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�9-Desaturases are central enzymes in unsaturated fatty acid
synthesis regulated at the transcriptional and mRNA levels and
by proteasomal degradation. A new study by Murakami et al.
uncovers a novel regulatory pathway in which an N-terminal
di-proline motif in the Drosophila �9-desaturase mediates pro-
tein degradation by a calcium-dependent cysteine protease in
response to unsaturated fatty acids. This study provides new
details of desaturase regulation with therapeutic implications
for the treatment of metabolic syndrome.

�9-Desaturases are critical enzymes involved in unsaturated
fatty acid metabolism in all living cells. They catalyze the syn-
thesis of monounsaturated fatty acids (MUFAs),2 mainly palmi-
toleate and oleate, from the corresponding saturated fatty acid
substrates. MUFAs are important substrates for the synthesis of
complex lipids including triglycerides, cholesterol esters, wax
esters, and phospholipids (1). Moreover, the fatty acid compo-
sition of phospholipids in membranes modulates membrane
fluidity, affecting a broad range of cellular and physiological
functions. Given these important and wide-ranging roles for
MUFAs, �9-desaturases are regulated at multiple levels. How-
ever, none of the known regulatory mechanisms are directly
responsive to changes in the levels of fatty acid desaturation
among cellular lipids, raising the question as to how cells coor-
dinate desaturase activity in response to changing environmen-
tal conditions. A new study by Murakami et al. (2) provides one
answer with the discovery of a fatty acid saturation–sensitive
pathway for protein degradation in Drosophila that surprisingly
depends on a di-proline motif in the N-terminal region of the
desaturase.

The mechanisms underlying the regulation of fatty acid
desaturase expression have been explored previously for both
mammalian and yeast enzymes. For example, the mammalian
desaturase, stearoyl-CoA desaturase 1 (SCD1), is regulated at
the transcriptional level and by proteasome-mediated degrada-
tion while the yeast desaturase Ole1 is regulated at transcrip-
tional and mRNA levels (3–5). While some of these mecha-

nisms indirectly report on cellular lipid composition, such as in
the transcriptional regulation of SCD1 by a master regulator of
lipid biosynthesis (5), it is unknown whether lipid changes,
monitored as either the lipid structures themselves or as influ-
encing membrane properties more generally, might allow faster
or otherwise complementary strategies to regulate desaturase
activity. This is particularly relevant in Drosophila, which can-
not synthesize sterols and contain only trace amounts of poly-
unsaturated fatty acids in membrane phospholipids (6), mean-
ing small changes in unsaturated fatty acids could substantially
alter the biophysical properties (i.e. fluidity) of membranes.

In the study by Murakami et al. (2), the authors focus on the
Drosophila enzyme DESAT1, the only desaturase expressed in
the S2 cell line. Using a polyclonal antibody raised against a
C-terminal peptide from the enzyme, they measured DESAT1
levels upon treatment of cells with saturated, monounsatu-
rated, or polyunsaturated fatty acids. Unsaturated but not sat-
urated fatty acids decreased the protein abundance of DESAT1
without affecting mRNA expression. In contrast, incubation
with known SCD1 inhibitors that were confirmed to inhibit
DESAT1 resulted in protein levels being markedly increased
without changes in mRNA levels. Repetition of these experi-
ments in the presence of the protein synthesis inhibitor cyclo-
heximide enhanced the changes seen with each treatment.
These results suggest that the Drosophila �9-desaturase is reg-
ulated at the protein level by a mechanism coupled to cellular
levels of unsaturated fatty acids.

To explore the molecular basis for this new pathway, the
authors tested several chimeric DESAT1 proteins with FLAG
insertions, finding that the N terminus was the key domain
involved. Additional constructs with truncations at the N ter-
minus or alanine mutations identified residues 1– 6, and specif-
ically Pro2 and Pro3, as necessary and sufficient for the MUFA-
dependent degradation of DESAT1 (Fig. 1). Interestingly, this
“di-proline motif” is not present in most other desaturases; for
example, the mouse SCD1 contains one proline residue at posi-
tion 2 (7) and is not responsive to unsaturated fatty acid–
mediated degradation. However, splicing the mouse SCD1 with
the N terminus of Drosophila DESAT1 or introducing a second
Pro into the mouse sequence sensitized the mouse enzyme to
MUFA-mediated degradation, confirming the importance of
this simple motif (Fig. 1).

Finally, the authors sought to identify the protease responsi-
ble for DESAT1 degradation. Proteasomal and lysosomal inhib-
itors did not impact DESAT1 processing, but an inhibitor of
calpain, a calcium-dependent cysteine protease, was effective in
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blocking degradation of DESAT1. Knockdown of the different
isoforms of calpain expressed in Drosophila indicated that
calpains A and B were the most important, and analysis of
DESAT1 mutants confirmed that calpain-mediated degrada-
tion is dependent on the di-proline motif (Fig. 1).

These results establish a new pathway by which cells can
respond to changes in unsaturated fatty acid levels to directly
regulate desaturase degradation. The question that remains
unanswered is how the pathway works. For example, how do
the unsaturated fatty acids in either membrane phospholipids
or other lipids collaborate with the di-proline motif to facilitate
this process? Might the unsaturated fatty acids be ligand acti-
vators of a calpain, or do they induce a conformational change
in DESAT1 that affects trafficking and degradation? Calpain
exists in the cytosol as an inactive enzyme and translocates to
membranes in response to increases in the cellular Ca2� level
(8). Is it possible that the activation of calpain occurs at the
membrane when phospholipids containing the unsaturated
fatty acids bind to its lipid-binding domain?

Beyond mechanistic considerations, this finding could also
point in new directions for therapeutic interventions. Much of
what we know regarding the physiological function of SCD

comes from studies conducted in mice with a targeted deletion
of the Scd1 gene. These mice are characterized by a lean hyper-
metabolic phenotype, which includes resistance to diet-in-
duced and genetically-induced obesity, hepatic steatosis, and
insulin resistance (1). Furthermore, tissue-specific deletion of
SCD1 gene in skin and liver both recapitulate some of the met-
abolic benefits of the global SCD1 knockout mouse (9). Inter-
estingly, calpain activators have also previously been suggested
for the treatment of metabolic diseases such as type II diabetes
in which calpain activity is markedly decreased (10). Thus,
searching for mammalian regulatory pathways similar to the
calpain-mediated degradation of �9-desaturase could poten-
tially lead to new therapeutic opportunities for decreasing
SCD1 activity and help in the treatment of diseases of the met-
abolic syndrome.
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Figure 1. Model for MUFA-dependent degradation of a �9- desaturase.
Top, putative location of the N-terminal di-proline motif in DESAT1, a �9-de-
saturase expressed in Drosophila, identified by Murakami et al. (2). Topology
shown is modeled on the mouse enzyme (7). Bottom, prolines 2 and 3, high-
lighted in red, mediate degradation by calpain in MUFA-replete conditions.
One possible mechanism is that calpain that exists in the cytosol as an inac-
tive enzyme translocates to membranes where it is activated in the presence
of Ca2� and phospholipids containing oleate or unsaturated fatty acids. N
and C represent N and C termini.
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