Drosophila lacks C20 and C22 PUFAs
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Abstract Drosophila melanogaster has been considered a
model organism for investigating human diseases and ge-
netic pathways. Whether Drosophila is an ideal model for
nutrigenomics, especially for FA metabolism, however, re-
mains to be illustrated. The aim of this study was to examine
the metabolism of C20 and C22 PUFAs in Drosophila. Analy-
sis of FA composition revealed a complete lack of C20 and
C22 PUFAs in the body tissue of larvae, pupae, and adult
flies fed either a base or supplemented diet abundant in the
PUFA precursors linoleic acid and «a-linolenic acid. PUFA
with >C20 could only be found in flies supplemented with
specific FAs. Interestingly, the supplemented C22 PUFAs
docosahexaenoic acid (22:6n-3) and docosatetraenoic acid
(22:4n-6) were largely converted to the shorter chain C20
PUFAs eicosapentaenoic acid (20:5n-3) and arachidonic
acid (20:4n-6), respectively. Furthermore, a genome sequence
scan indicated that no gene encoding A-6/A-5 desaturases,
the key enzymes for the synthesis of C20/C22 PUFA, was
present in Drosophila.ll These findings demonstrate that
Drosophila lacks the capability to synthesize the biologically
important C20 and C22 PUFAs, and thereby argue that Dro-
sophila is not a valid model for the study of lipid metabolism
and related diseases.—Shen, L. R., C. Q. Lai, X. Feng, L. D.
Parnell, J. B. Wan, J. D, Wang, D. Li, J. M. Ordovas, and J. X.
Kang. Drosophila lacks C20 and C22 PUFAs. J. Lipid Res.
2010. 51: 2985-2992.
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The fruit fly Drosophila melanogaster is one of the most
intensively studied organisms in biology and serves as a
model system for the investigation of many developmental
and cellular processes common to more-complex eukary-
otes, including humans (1). Drosophila distinguishes itself
from yeast (Saccharomyces cerevisiae) and nematodes
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(Caenorhabditis elegans) with its adipose-like tissues and a
lipid transport system, making it a closer model to humans.
Drosophila has been considered an ideal model since
around 1915, when it was first used to study aging (2, 3).
Since the complete genomic sequence of the fly was re-
leased in early 2000, 177 out of 289 (~61%) of the human
genes responsible for disease have been found to have
strong homologs or orthologs in the fly (4). Two-thirds of
genes implicated in human cancers also have a counter-
part in the fly genome. Furthermore, the use of Drosophila
as a model has many advantages, including its sophisti-
cated genetics, small genome size, high fecundity, low cost,
and short generation time (4). Candidate pathways influ-
enced by nutrients can be identified first in Drosophila, and
later verified in mouse models and humans. Drosophila is
thus currently used as a model organism to study human
diseases, including obesity, diabetes, cancer, cardiovascu-
lar disease, age-related diseases, and longevity.

Lipids come in a wide variety and have many functions
in cells besides simply being used for energy. Not only do
they make up cell membranes, but they and their products
serve as intra- and extracellular messengers that control
and regulate many vital bodily functions. Imbalances of lip-
ids cause or play a role in diseases that affect millions world-
wide, such as heart disease, cancer, diabetes, Alzheimer’s,
etc. Certain PUFAs are especially crucial components of
human nutrition, including w-6 (n-6) and w-3 (n-3) FAs,
which are essential nutrients and important determinants
of the structure and function of mammalian cells (5).
In particular, the dietary essential FAs linoleic acid

Abbreviations:  AA, arachidonic acid; ALA, a-linolenic acid; Cyt-bb,
cytochrome bb; DHA, docosahexaenoic acid; DTA, docosatetraenoic
acid; ELOV, elongation of very-long-chain FAs; EPA, eicosapentaenoic
acid; FADS, FA desaturases; LA, linoleic acid; LT, leukotriene; LX, li-
poxin; PC, prostacyclin; PD, protectin; PG, prostaglandin; RA, relative
amount; Rv, resolvin; SFA, saturated fatty acid; SC5DL, sterol-C5-desat-
urase (ERG3 A-5-desaturase homolog, Saccharomyces cerevisiae)-like);
SCD, stearoyl-CoA desaturase; TIC, total ion chromatogram; TX,
thromboxane; USFA, unsaturated FA.
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(LA,18:2n-6) and a-linolenic acid (ALA, 18:3n-3) are
precursors for the important long-chain PUFAs arachi-
donic acid (AA, 20:4n-6), eicosapentaenoic acid (EPA,
20:5n-3), and docosahexaenoic acid (DHA, 22:6n-3),
which are synthesized through a series of desaturation,
catalyzed sequentially by A-6 desaturase and A-5 desatu-
rase and chain-elongation enzyme systems. The C20 and
C22 PUFAs (AA, EPA, and DHA) are critical as structural
components of membrane phospholipids and as precur-
sors of metabolites, including prostaglandins (PGs),
prostacyclins (PCs), thromboxanes (TXs), leukotrienes

(LTs), lipoxins (LXs), resolvins (Rvs), and protectins
(PDs). These PUFA-derived metabolites play important
roles in modulating a wide range of physiological and
pathophysiological processes, particularly inflammatory
responses (6). In addition, the tissue content of DHA
is highly related to the retinal and brain development
of humans, especially children (7). Thus, the tissue sta-
tus and metabolism of PUFAs have a significant impact
on both physiology and pathology, and the identification
of valid models for understanding PUFA metabolism
is warranted.
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Fig. 1. Representative chromatograms of the FA composition in (A) base diet and (B) Canton-S female fly of Drosophila. Total lipids from

fly samples were extracted and methylated with 14% boron trifluoride methanol solution and hexane. FA methyl esters were analyzed by
an Agilent 6890N GC system with an Omegawax 250 capillary column. Peaks were identified by comparison with FA standards.
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TABLE 1.

The profiles of FAs in different Drosophila stocks

Relative Amount (% + SD)

FA Canton-S WI118 Oregon PR

12:0 4.74 £ 1.05° 3.84 +0.93/ 3.67 + 0.44™° 5.07 +0.51°
14:0 20.16 + 4.00“" 13.61 + 0.87° 18.73 + 2.80" 19.18 + 2.13“
16:0 15.40 + 0.44" 17.51 + 0.52° 16.00 = 1.52" 15.53 + 3.44"°
18:0 1.51 +0.34" 1.96 + 0.43¢ 2.13 +0.20° 1.70 + 0.28’
14:1n-5 1.41 +0.20" 1.93 + 0.44° 1.98 £ 0.29° 1.37 £+ 0.10/
16:1n-7 99.94 +0.91° 19.87 + 1.22" 93.75 + 2.19" 91.38 + 1.99"
18:1n-9 18.03 £ 3.07" 22.63 + 0.49" 21.85 + 2.992" 17.63 + 1.70"°
18:2n-6 13.51 + 1.66° 15.94 + 1.42° 12.58 + 2.18" 14.03 +1.07°
18:3n-3 3.02 + 0.96" 3.42 £ 0.79/ 5.01 + 1.19¢ 2.90 + 0.76%/
SFA 41.80 + 4.33 36.91 + 2.07 35.53 + 3.28 41.47 +0.90
USFA 58.20 + 4.33 63.09 + 2.08 64.46 + 3.83 57.36 + 2.32

The values (% of total FAs) are expressed as the means + SD (n = 4). SFA, saturated FA; USFA, unsaturated FA.
Means denoted with the same letter (a-g) do not significantly differ from each other.

In the current era of genomics and proteomics, the
emerging field of lipidomics presents powerful techniques
and technology for understanding and manipulating the
vital role of lipids in cells, which may further the elucida-
tion of the mechanisms of relevant diseases (8). The use of
lipidomics to understand lipid metabolism in Drosophila
will identify how qualified Drosophila is to be an experi-
mental system for nutrigenomics, particularly lipid metab-
olism, and related human disease. To further examine the
metabolic characteristics of n-3 and n-6 PUFAs in Drosoph-
ila, we determined their FA composition and metabolite
profile in different life stages and genders after supple-
mentation with different types of long-chain PUFAs.

MATERIALS AND METHODS

Reagents

PUFA, 20:4n-6, 22:6n-3, 20:5n-3, docosatetraenoic acid (DTA,
22:4n-6), 18:2n-6, and 18:3n-3 were purchased from Nu-Chek-
Prep, Inc. All PUFAs were aliquoted into GC sample vials with
tight caps and were stored with nitrogen below —20°C before use.

Drosophila diets

Based on the traditional corn-yeast fly medium (9.6 g agar, 72.3
g glucose, 36.3 g sucrose, 22.5 g wheat germ, 36.8 g yeast, 62.5 g
corn meal, and 15 ml acid A were mixed with 817.5 ml hot water
and processed into 1,000-ml diet), the base diet was made once a
week. After the base diet cooled to 60°C, individual FAs were added
to the base media at 50 mg/100 g, respectively; the media was then
mixed using a Hamilton Beach® hand mixer and aliquoted into
vials or bottles. The experimental diets in the vials and bottles were
packed with dark plastic bags and stored in a cold room (4°C) be-
fore use. In addition, experimental diets were sampled and imme-
diately frozen and stored at —80°C for future GC analysis.

Drosophila stocks

Four Drosophila laboratory stocks, Canton-S, Oregon, PR, and
W1118, were used for analysis of general FA composition. A sam-
ple of flies from each stock fed on base diets was collected ran-
domly from fly breeding bottles. Canton-S cohorts were used to
investigate the metabolism of C20 and C22 PUFAs in Drosophila.
All experimental flies were maintained on a 12/12-h light:dark
cycle at 25°C and 68% humidity, according to Troen et al. (9).
Canton-S cohorts were established by allowing flies of the same
age to mate at a density of 20 males and 40 females per bottle.

Flies were provided with the base diet and six diets supplemented
with six types of PUFA, then removed after 5 days, leaving their
eggs to develop into adult flies. Newly emerged flies of the same
ages were transferred into new bottles with the tested diets above
and maintained for 5 days, and larvae and pupae in every dietary
group were sampled at the same age. Five-day-old female and
male flies were collected over light CO,. Samples of larvae, pu-
pae, and adult flies were frozen in liquid nitrogen and stored at
—80°C for future analysis. For each parameter measured, three
replicates were used from each treatment.

GC Analysis of FA compositions

Analysis of the FA compositions of Drosophila and diets was car-
ried out by GC, according to the method of Kang and Wang (10).
Twenty male flies (10-15 mg), 15 female flies (15-20 mg), or
100-mg diet samples were mixed with 5 ml hexane and 5 ml BF3/
MeOH reagent (14% boron trifluoride methanol solution) in
16-ml glass tubes. The mixture was heated at 100°C for 1 h and
then cooled to room temperature. Methyl esters were extracted
in the hexane phase following addition of 1 ml HyO. The samples
were centrifuged for 5 min at 3,000 rpm. The upper hexane layer
was then removed and concentrated under nitrogen. FA methyl
esters were analyzed by the Agilent 6890N GC system with the 7683
auto-injector. An Omegawax 250 capillary column (30 m x 0.25 mm
inner diameter) was used with helium as a carrier. Peaks were
identified by comparing their retention times to those of mixture
standards (Nu-Chek-Prep, Elysian, MN5608). The relative per-
centage for each composition was calculated with the area of
each resolved peak against the total area of all peaks. Areas of
identified peaks were quantified using 20:0 or 23:0 as internal

TABLE 2. The profiles of FAs in different developmental stages of

Canton-S Drosophila

FA Larvae Pupae Female Male
12:0 257 +0.54°  214+0.24° 3.67+091°  3.64+1.16°
14:0 21.17 + 450" 17.77+1.66" 14.95+1.61° 14.83 +3.74"
16:0 1.73+£0.98° 925.29+0.76° 18.02+1.85" 17.08+2.81"
18:0 13.86 +3.53"  14.22+2.79"  1.90 +0.26"¢  1.97 + 0.44"
14:1n5  12.32+3.94"  2928+047 1.16+0.31° 1.17+0.22
16:1n7  6.15+£222" 10.78+271° 19.87+2.14" 20.11+2.41"
18:1n-9 2442+ 150" 535+2.18" 21.64+1.47" 20.54+2.60"
18:2n-6 16.07+4.10" 16.09 +4.74" 14.85+1.16" 15.66 + 2.87"
18:3n3 2.73+0.74  4.34+1.86" 3.38+0.86” 3.58+1.26°
SFA 5410+ 554 50.53+0.11 38.54+278  43.59 +7.03
USFA  46.70 + 4.02  47.64+0.29 60.90+3.33  61.07 «5.45

The values (% of total FAs) are expressed as mean + SD (n = 3).
Means denoted with the same letter (a-g) do not significantly
differ from each other.
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standard, corrected for molecular weight, and mol% distribu-
tions and quantitative yields were calculated.

Liquid chromatography-mass spectrometry determination
of 20:5n-3 in Drosophila fed a 22:6n-3 diet

A Waters 625 liquid chromatography (LC) system connected
with Finnigan LCQ classic electrospray ionization tandem mass
spectrometry (ESI-MS/MS) was applied for determination of
20:5n-3 in the dietary 22:6n-3 group. Four to five adults (3-6 mg)
were homogenized in liquid nitrogen. The powder was then
transferred into a clean glass tube with a screw cap. The powder
was mixed with 5 ml chloroform-methanol (2:1) for extraction

overnight. The mixture was centrifuged at 2,000 rpm for 10 min.
The chloroform layer was transferred into a 16-ml screw cap glass
bottle and dried under nitrogen. One milliliter of 0.5 M NaOH
solution was added to the glass bottle, which was then filled with
nitrogen, heated at 100°C for 1 h, and cooled to room tempera-
ture; the pH was adjusted to 3.52 with 2 N HCI, 2 ml hexane was
added, and the mixture was vortexed vigorously for about 1 min.
The mixture was centrifuged at 2,000 rpm for 10 min and frozen
at —80°C. The top hexane layer was transferred into a clean tube
and dried under nitrogen, and 100 pl methanol:H,O (50/50)
was added. An aliquot of a 20-ul sample was injected onto the LC
column for analysis. LC was performed using a binary gradient
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Fig. 2. Representative chromatograms of FA composition of Drosophila adults supplemented with 22:6n-3 docosahexaenoic acid (DHA)
(A) and Drosophila adults supplemented with 22:4n-6 docosatetraenoic acid (B). Total lipids from fly samples were extracted and methy-
lated with 14% boron trifluoride methanol solution and hexane. FA methyl esters were analyzed by the Agilent 6890N GC system. Areas of
identified peaks were quantified using 23:0 as internal standard, corrected for molecular weight, and mol% distributions and quantitative

yields were calculated.
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elution system consisting of solution A: 65% methanol with 0.1%
glacial acid, and solution B: 100% methanol with 0.1% glacial acid.
Separation was achieved using the following gradient program:
0-8 min 100% A, 8-35 min 100% A to 100% B, 35-36 min 100%
B to 100% A, 36—40 min 100% A. The flow rate was set at 0.2 ml/
min. According to the total ion chromatogram (TIC) of 20:5n-3 on
selected reaction monitoring (SRM) mode and the fragment
information of 20:5n-3, the presence of 20:5n-3 was identified.

Bioinformatics search of Drosophila FA desaturase and
elongase enzymes

To assess the occurrence of FA desaturases and elongases in
the D. melanogaster genome, a collection of human enzymes
served as queries in protein sequence similarity searches. The
queries were A-b desaturases FADSI and SC5DL, A-6 desaturase
FADS2, stearoyl-CoA desaturases (SCDs) and SCD5, and elon-
gase ELOVL6 in BLAST (11) searches against D. melanogaster
genome build 5.2 at the National Center for Biotechnology
Information (http://blast.ncbi.nlm.nih.gov/Blast.cgi) with de-
fault parameters. Using the top Drosophila hit as a query against
the human genome allowed assignment of the gene pairs as ho-
molog or ortholog. Mutual best hits were considered orthologs.

Statistical analysis

Statistical analysis was performed using SPSS 16.0 (SPSS, Inc.,
Chicago, IL). In biochemical analyses, the relative amount repre-
sents at least three independent experiments, and results are re-
ported as mean + SD. For statistical analyses, we conducted
one-way ANOVA with Dunnett’s test with p < 0.05 being statisti-
cally significant. Means denoted by the same letter do not signifi-
cantly differ from each other, p> 0.05.

RESULTS

FA composition of diet and different Drosophila stocks

GC analysis showed that the base diet contained nine
FAs: C12:0, C14:0, C16:0, 16:1n-7, C18:0, 18:1 n-9, 18:2 n-6,
18:3 n-3, and lignoceric acid (C24:0) (Fig. 1A). The rela-
tive amounts (RAs) in total FAs (RA% + SD) of these com-
ponents were: 0.81 + 0.24, 0.77 + 0.30, 23.78 + 0.43, 3.73 +
0.13, 4.87 £ 1.58, 15.07 + 0.93, 44.28 + 2,96, 2.23 + 1.64,
and 4.42 + 0.21, respectively, with 18:2n-6, C16:0, and
18:1n-9 being predominant. Thus, the base diet contained
five saturated FAs (SFAs), two monounsaturated fatty
acids (MUFAs), and two C18 PUFAs; and no C20 or C22
PUFAs were detected.

GC analysis of the extracts from four Drosophila stock
adults (Canton-S, W1118, Oregon, and PR) showed that Dro-
sophila contains nine FAs: C12:0, C14:0, 14:1n-5, C16:0,
16:1n-7, 18:0, 18:1n-9, 18:2n-6, and 18:3n-3 (Fig. 1B), with
C14:0 (RA, 16.67 = 3.49), C16:0 (16.11 + 0.97), 16:1n-7
(21.81 + 1.62), 18:1n9 (20.03 + 2.57), and 18:2n-6 (14.01 +
1.42) being the five major FAs (Table 1). These nine FAs
included four SFAs, three MUFAs, and two C18 PUFAs.
However, no C20 or C22 PUFAs were found in Drosophila.

GC analysis of Canton-S at different life stages and gen-
ders showed no significant difference in PUFA levels be-
tween male and female, but some marked differences
among different stages (Table 2). For example, the levels
of C12:0, 18:2n-6, and 18:3n-3 in all stages were nearly con-
stant, C16:0 in larvae was less than that in pupae and
adults, 18:1n-9 in pupae was lower than that in larvae and

adults, and C14:0 and C18:0 in larvae and pupae were
significantly higher than those in adults. Overall, the levels
of unsaturated FAs (USFAs) in adults were significantly
higher than those in larvae and pupae.

Metabolism of supplemented PUFA in Drosophila

GC analyses were performed on Drosophila fed diets sup-
plemented with six different PUFAs: 18:2n-6, 18:3n-3,
20:5n-3, 22:6n-3, 22:4n-6, and 20:4n-6. The levels (%) of
PUFA in supplemented diets (22:6n-3, 20:5n-3, 22:4n-6,
20:4n-6, 18:2n-6, and 18:3n-3), were 12.59, 23.88, 14.04,
16.62, 56.21 (44.28 in base diet), and 37.10 (2.23 in base
diet), respectively. Results showed that flies fed with
22:6n-3, 20:5n-3, 22:4n-6, and 20:4n-6 contained C20 and
C22 PUFAs, whereas flies fed with the base diet did not.
To determine whether the C20 and C22 PUFAs could be
synthesized from 18:2n-6 and 18:3n-3 in Drosophila, the FA
profile of flies fed with the diets supplemented with 18:2n-6
and 18:3n-3 was analyzed. The levels of the PUFAs (18:2n-6
and 18:3n-3) were significantly enhanced in the supple-
mented flies 27.99 + 0.36 (14.42 + 1.10 in control) and
12.26 + 0.06 (2.47 + 0.24 in control), respectively, when
compared with control groups fed with the base diet. But
no C20 or C22 PUFAs were detected from larvae, pupae,
or adults fed with the diet supplemented with 18:2n-6 and
18:3n-3. These results suggest that C20 and C22 PUFAs
cannot be endogenously synthesized from 18:2n-6 and
18:3n-3 in Drosophila.

Interestingly, a distinct 20:5n-3 peak and a lower 22:6n-3
peak were observed in all three developmental stages of
Drosophila that were fed with 22:6n-3 (Fig. 2A, Table 3).
The peaks in Drosophila were identical to the 20:5n-3 stan-
dard (Fig. 3B). The relative levels of 20:5n-3 and 22:6n-3 in
the 22:6n-3-supplemented flies were 1.76 and 0.31, sug-
gesting that about 85% of 22:6n-3 in Drosophila was con-
verted into 20:5n-3. The identity of 20:5n-3 was confirmed
by an LC-MS analysis (Fig. 3A, C). As shown in Table 4,
female, male, pupae, and larvae have a differential ability
of converting C22 PUFA into G20 PUFA. Adults exhibited
a significantly higher 20:5n-3/22:6n-3 ratio, compared
with larvae and pupae, suggesting greater conversion ability.

TABLE 3. Fatty acid composition of Drosophila adults fed with
22:6n-3 (DHA) and 22:4n-6 (DTA) (n =4)

Relative Amount (% + SD)

FA Fed on DHA Fed on DTA
12:0 2.32 +0.32 3.14+0.82
14.0 13.31 £ 1.33 13.10 + 3.27
16:0 20.98 + 0.93 17.61 + 3.59
18:0 3.65 +3.18 2.70 + 0.49
14:1n-5 0.63+0.17 0.85+0.15
16:1n-7 14.41 £ 1.70 17.20 + 2.40
18:1n-9 21.64 + 4.01 21.04 + 2.69
18:2n-6 16.02 + 1.67 19.02 + 2.58
20:4n-6 ND 1.87 + 0.62
22:4n-6 ND 0.22 +£0.24
18:3n-3 4.21+1.35 4.03 £ 1.39
20:5n-3 1.76 + 0.23 ND

22:6n-3 0.31 £ 0.26 ND

DHA, docosahexaenoic acid; DTA, docosatetraenoic acid; ND, not
detected.

FA metabolism in Drosophila 2989
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Fig. 3. Eicosapentaenoic acid (EPA) identification by liquid chromatography-mass spectrometry. (A) SRM mode of 20:5n-3 (EPA) in
Drosophila adults fed with 22:6n-3 (DHA) and (B) EPA standard; (C) the MS fragment information of EPA in Drosophila adults fed with

DHA.

In adults, the ability to convert 22:6n-3 to 20:5n-3 was sig-
nificantly higher in males than in females. A similar con-
version was observed in flies fed 22:4n-6. The distinct peak
of 20:4n-6 was found in all samples of adult (Fig. 2B, Table
3), larvae, and pupae supplemented with 22:4n-6 (Table
4). The levels of 20:4n-6 and 22:4n-6 in adults fed with
22:4n-6 were 1.37 and 0.22, respectively, indicating about
an 86% conversion of 22:4n-6 to 20:4n-6 in Drosophila.
Again, adults showed a significantly higher ability to con-
vert C22 PUFA to C20 PUFA than did larvae and pupae
(Table 4). However, no reduced (converted) products
were found in Drosophila supplemented with C20 PUFA
(20:4n-6 and 20:5n-3).

Bioinformatics of Drosophila enzyme

To examine whether Drosophila carries genes encoding
A-6 and A-5 desaturases, the key enzymes for the synthesis
of C20 and C22 PUFAs, we performed genetic searches for
sequence similarity to known A-5 and A-6 desaturases. The
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results of sequence similarity searching strongly suggest
that both A-5 and A-6 desaturases are not encoded by the
D. melanogaster genome (Table 5). Human FADS1, FADS2,
and SC5DL queries returned fly sequences that possess
greater similarity over longer sequence length to sterol-
C4-methyl oxidases and cytochrome b5 (Cyt-b5)-type

TABLE 4. Composition of C20 and C22 PUFAs in Drosophila of
different stages fed with 22:6n-3 (DHA) and 22:4n-6 (DTA)

Relative Amount %

C20 and C22
Diets PUFA in Flies Female Male Larvae Pupae
Added DHA EPA 1.90 1.46 0.79 0.85
DHA 0.11 0.06 0.22 0.7
EPA/DHA 17.27 24.33 3.59 1.21
Added DTA AA 1.98 2.35 1.24 0.41
DTA 0.16 0.23 0.41 0.52
AA/DTA 12.38 10.22 3.02 0.79

AA, arachidonic acid.



proteins than to the desaturases. Specifically, this compari-
son showed that human A-b desaturases FADSI and SC5DL
matched most closely to Drosophila proteins CG11162 and
CG1998, encoding FA hydroxylase, and CG6870 and
CG2140, encoding Cyt-b5-like heme/steroid binding do-
main, while A-6 desaturase most closely matched Drosoph-
ila Cyt-5b genes CG3566 and CG2140. These searches
showed low to moderate sequence conservation (amino
acid identity ranging from 33-44% for the top hit) over a
short length of the query sequence (18-54% of query se-
quence aligned), indicating probable sharing of a short
functional domain and, importantly, a lack of the A-5 and
A-6 desaturases in the fly genome. In contrast, searches
against the fly genome with human SCD and SCD5 and
elongase ELOVL6 resulted in longer alignments (82—
100% of query sequence aligned) of higher quality
(46-58% amino acid identity) (Table 5). These results
provide genetic evidence to support the notion that Dro-
sophila does not have the ability to synthesize PUFAs, but
is able to produce MUFAs.

DISCUSSION

Given the fact that mammalian cells are able to convert
the essential FAs 18:2n-6 and 18:3n-3 to corresponding
C20 and C22 PUFAs (20:4n-6, 20:5n-3, 22:6n-3, etc.), which
are the major components of cell membrane phospholip-
ids and the precursors of important signaling molecules,
determining whether or not Drosophila has the same capa-
bility would indicate its validity as an experimental model
for the study of lipid metabolism and lipid-related diseases.
Thus far, there has been no direct evidence of PUFA bio-
synthesis in Drosophila. In the present study, our results
demonstrate that Drosophila cannot synthesize C20 and
C22 PUFAs from 18:2n-6 and 18:3n-3, respectively, as evi-
denced by both the lipid profile of flies raised on 18:2n-
6/18:3n-3-supplemented diets, which showed no C20 and
C22 PUFAs in their body tissues, and by bioinformatic
analysis of the Drosophila genome, which indicated a lack
of A-6 and A-5 desaturases (the key enzymes for C20 and C22
PUFA biosynthesis). Our findings add new evidence to the
notion that Drosophila flies do not require or biosynthesize

C20 PUFA, as proposed by Stanley-Samuelson et al. (12),
based on their observation that 10 consecutive genera-
tions of wild-type flies could be maintained on a synthetic
diet lacking added FAs (13). However, we cannot exclude
18:2n-6 and 18:3n-3 as essential for other functions besides
conversion to C20 and C22.

The C20 and C22 PUFA biosynthesis machinery, such
as A-6/A-5 desaturation, exists in various organisms,
including mammals, nematodes, fungi, yeast, marine
protists, microalgae, and moss (12). Many insects also
require C20 and C22 PUFAs and have the elongation/
desaturation pathways to produce these PUFAs from
18:2n-6 and 18:3n-3 (12). The lack of C20 PUFA in Drosoph-
ila makes it a special species that does not require C20
PUFA for formation of eicosanoids and other oxygen-
ated metabolites, which are considered to be of broad
physiological significance in animals. However, our data
from the present study show that when C20 and C22
PUFAs are added to the diet, flies appear to absorb and
incorporate the dietary PUFAs into body tissues. Inter-
estingly, the majority of dietary C22 PUFAs, 22:6n-3 DHA
and 22:4n-6 DTA, are quickly shortened into 20:5n-3
EPA and 20:4n-6 AA, respectively, in Drosophila. The
conversion rate of C22 to C20 PUFAs seems to be ex-
ceptionally higher in Drosophila than that in mammals,
such as mice, in which 22:6n-3 DHA content is normally
much more than that of 20:5n-3 EPA. The biochemical
mechanism (s) and physiological significance of this phe-
nomenon in Drosophilia are unclear. It should be noted
that the degradation of C20 and C22 PUFAs in verte-
brates primarily occurs through the B-oxidation path-
way. Whether Drosophila possesses a greater -oxidation
system or alternative mechanisms to metabolize PUFAs
requires further investigation.

According to the report of Gutierrez etal. (14), Drosoph-
ila has a fat body filled with an adipose-like tissue and a
lipid transport system similar to humans, which is consid-
ered one of the major advantages of it serving as a unique
model for nutrigenomics research (15). However, Gutierrez
et al. also found that the lipid metabolism in Drosophila
requires directional coupling between fat and oenocytes,
which synthesize, modify, and oxidize FAs. It is possible

TABLE 5. Gene ontology hit of A-5 and A-6 desaturases
D. melanogaster Hit # 1 D. melanogaster Hit # 2 Human
Human Gene Term Gene Symbol (Gene Function) (Gene Function) Aligned
%
A-5 Desaturase FADS1 CG11162:72.4:3e-13 CG1998:71.6:5e-13 56
(FA hydroxylase) (FA hydroxylase)
FADSI1 CG6870:64.7: CG2140:55.1:9e-08 (Cyt-bb) 20
le-10 (Cyt-bb)
A-6 Desaturase FADS2 CG3566:62.4: CG2140:57.4:2¢-08 (Cyt-bb) 16

5e-10 (Cyt-b5)

Stearoyl-CoA desaturase SCD CG5887 (FA desaturase) CGH925 (FA desaturase) 82
(A-9-desaturase)
Stearoyl-CoA desaturase-5 SCD5 CGH887 (FA desaturase) CGbH925 (FA desaturase) 92
Enlongase ELOVL6 CG3971 (verylong chain  CG33110 (long-chain FA 96
FA elongase) elongase)

Enlongase, ELOVL family member 6, elongation of long-chain FAs (FEN1/Elo2, SUR4/Elo3-like, yeast);

FADS, FA desaturases; SCD, stearoyl-CoA desaturase.
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that FAs in Drosophila could be shortened, at least partially,
by the peroxisomal B-oxidation enzyme system. Several
genes, including CG11151 (similar to Sterol carrier pro-
tein 2), CG12428 (Carnitin O-octanoyl transferase), and
CG9527 (Pristanoyl-CoA oxidase), etc., have been found
to encode enzymes involved in peroxisomal -oxidation.
Larval oenocytes in insects were first described over 140
years ago, but their functions remain unclear (14). It is
likely that the B-oxidation enzymatic system in Drosophila
might exist in their fat and oenocytes, which is different
from mammals. The greater shortening of 22:6n-3 and
22:4n-6 in Drosophila suggests that Drosophila has a unique
lipid metabolism system.

On the basis of the FA composition, genetic informa-
tion, and metabolism of supplemented PUFAs in Drosoph-
ila observed in our study, we conclude that Drosophila
lacks C20 and C22 PUFAs and appears to have a special
lipid metabolism system that is quite different from that
in mammals. Thus, Drosophila has certain limitations and
might not be a valid experimental model for the study of
lipid metabolism and related diseases. Bl
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